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Abstract

We analyze the short- and long-run effects of public education on economic
growth and welfare. In so doing, we extend an R&D-based economic growth model
by including a governmental sector that levies labor income taxes and uses the
proceeds to finance teachers. An increase in the tax rate reduces consumption pos-
sibilities (and thereby individual utility), and the number of workers available for
final goods production and research. At the same time, however, it increases the
educational resources available per pupil. Consequently, economic growth slows
down immediately after an increase in educational investments but it speeds up
during the transition toward the long-run balanced growth path. Altogether, this
implies a dynamic tradeoff in the sense that current cohorts loose due to educa-
tional reform, whereas future cohorts gain. We show that there exists an interior
welfare-maximizing level of the provision of public education for each time horizon
and show that it is higher than the levels we typically observe in industrialized
countries. Since the transitional effects of an education reform on growth and wel-
fare can be negative, our framework has the potential to explain resistance against

long-run welfare improving education reforms.

JEL classification: 125, J24, O11, 031, O41.
Keywords: human capital accumulation, public education policy, quality of ed-

ucation, technological progress, economic growth.

* A previous version of this paper circulated under the title “Public education, technological change,
and economic prosperity”.



1 Introduction

The connection between education and economic growth has been analyzed extensively
in the empirical literature. Most of the studies find a positive association between per
capita GDP and measures for overall educational attainment.! Fortunately, in this
context, the data show large improvements of education indicators in industrialized
countries over the last decades. Table 1 displays the mean years of schooling of the
population aged 15+ for the G-8 countries in 1960 and 2010 as an indicator of the
quantity of schooling. There has been an increase over time with annualized growth
rates between 0.5% and 2%. The table also contains pupil-teacher ratios in primary
education, the substantial declines of which indicate rising quality of education. Al-
together, these observations and the fact that the G-8 countries featured substantial
increases in living standards over the corresponding time-frame are consistent with the

results of empirical studies.

Table 1: Mean years of schooling and pupil-teacher ratios in primary education for the
G-8 countries

Mean years Pupil-teacher

of schooling ratios
Country 1960 2010 1971 2009
Canada 8.31 11.37 23.00* 17.42%
France 4.20 10.53 22.79 18.73
Germany 5.15 11.82 17.46* 13.00
Ttaly 4.86 9.88 21.62 10.33%*
Japan 8.02 11.59 26.39 18.05
Russia 5.16 8.84 27.95% 18.06
U.K. 7.04 9.75 24.86* 17.96
USA 9.25 12.20 14.05 13.87

Note: The data are obtained from Barro and Lee (2013) and the World Bank (2012) “Education
Statistics”. The indicated year differs for the entries marked with an asterisk because of missing data.
The base years for pupil-teacher ratios are 1972 for Canada, 1995 for Germany, 1981 for Russia and
1985 for the USA. The final years for the same data series are 2000 for Canada and 2007 for Italy.

Despite these empirical findings and the seminal theoretical contributions of Nel-
son and Phelps (1966), Lucas (1988), Galor and Weil (2000), Dalgaard and Kreiner
(2001), Strulik (2005), and Bucci (2008) — showing different mechanisms by which
private education exerts a positive influence on economic prosperity — the impact of

public education policies on technological progress and economic growth has largely

!See for example Barro (1991), Sachs and Warner (1995), Bils and Klenow (2000), Krueger and Lin-
dahl (2001), Rangazas (2002), de la Fuente and Domenéch (2006), Cohen and Soto (2007), Lutz et al.
(2008), Kaboski (2009), Hanushek and Woessmann (2012) and the corresponding studies mentioned
in the survey of Durlauf et al. (2005).



remained unexplored. A notable exception in the literature is Grossmann (2007), who
analyzes the effects of public subsidies for private education in the context of R&D-
based growth. He abstracts from population growth and the trade-off between labor
used for education on the one hand and for goods production and R&D on the other.
However, his central result — the long-run growth promoting effect of public educa-
tion investments — carries over to our framework to some extent as well.? Figure 1
shows for the G-8 countries the fractions of primary and secondary education (black
areas of the histograms in the upper graph) and tertiary education (black areas of the
histograms in the lower graph) that are financed publicly (see also Docampo, 2007;
OECD, 2012). To the extent that primary and secondary education are almost entirely
financed by the state in the G-8 countries and that the majority of tertiary education
expenditures in Canada, France, Germany, [taly and the Russian Federation also come
from public sources, the lack of thorough theoretical analyses of the long-run growth
and welfare effects of public education is rather surprising.

We attempt to introduce publicly financed schooling in a realistic way by relaxing
the implicit assumption often made in the literature that the sole input in human
capital accumulation is time and effort by those to be educated (or by their parents).
By contrast, our model features an education sector that employs teachers to build up
the human capital stock of the next generation. Consequently, an increase in education
investments has two side effects: i) the additional labor required in the education
sector needs to be reallocated from other productive sectors of the economy, notably
the research and development (R&D) sector that develops the new blueprints and is
a central driving force behind long-run economic growth; and ii) public education is
financed by taxing the wage income of households, which impacts the disposable income
and thereby leads to a conflict of interest between the short-run utility-maximizing
households and the potential medium- to long-run gains that accrue due to education.

The basic mechanism of our model is the following. Human capital is used as
an input in three sectors that compete for it on the labor market: workers produce
goods in the final goods sector, scientists produce blueprints in the R&D sector, and
teachers produce human capital for the next generation in the education sector. The
government collects wage taxes and uses the proceeds to pay for the teachers working in
the education sector. Consequently, an increase in taxes raises the number of teachers
and thereby draws labor away from the other productive sectors. This harms economic
growth in the short run. However, the increase in the number of teachers fosters human
capital accumulation and thereby increases productivity of the next generations. This
in turn raises medium-run economic growth. Consequently, there are important trade-

offs involved in the decision of the government of how much it should invest in education

20utside the R&D-based economic growth literature public education has been analyzed extensively
in frameworks where economic growth is driven by human capital accumulation alone. Interesting con-
tributions include for example Docquier and Michel (1999), Blankenau and Simpson (2004), Blankenau
(2005), Yew and Zhang (2013), and Abington and Blankenau (2013).
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Note: The black areas of the histograms represent the fraction of governmental ed-
ucation expenditures and the gray areas the share of private (household and firm)
education expenditures. Data source: OECD (2012) and own calculations.

Figure 1: Share of public education investments in the G-8 countries (black areas)

of the next generations.

The paper proceeds as follows: Section 2 contains the theoretical framework and the
derivation of the dynamic system that fully describes the model economy. In Section
3 we derive the growth rates of endogenous variables along the balanced growth path.
We then proceed to a numerical illustration of the impact of an education reform during
transition and along the balanced growth path as well as on household welfare in the
short- and long run. Finally, Section 4 summarizes, draws conclusions for economic

policy, and highlights scope for further research.

2 The model

This section describes the discrete time overlapping generations version of the R&D-

based economic growth framework of Jones (1995)% in which we introduce a govern-

3Due to the isomorphism between R&D-based growth models with horizontal and vertical innova-
tions (see Segerstrom, 1998, for the latter), the growth effects of education investments would not be
different when using a model of vertical innovation as baseline framework.



mentally funded education sector. This sector taxes wage income of households to
employ teachers who educate the young. We analyze the implications of changing

public education investments for long-run economic growth and welfare.

2.1 Basic assumptions

Consider an overlapping generations economy where individuals live for two periods:
childhood and adulthood. Children do not face economic decisions but they receive
publicly funded education, the intensity of which determines their human capital level
as adults. Adults, whose cohort size at time ¢ is given by N;, work l; € (0,1] units
of their total time endowment (normalized to 1) for a wage according to their human
capital level and consume all of their income. We assume that adults give birth to
n > 0 children such that the population grows at rate n — 1. Note that this includes
the possibility of negative population growth, which is ruled out in the model setup
of Jones (1995). Endogenizing population growth and private education investments
along the lines of Strulik et al. (2013) would make the model more realistic but would
also obscure the basic mechanisms we aim to highlight. It is therefore left for further
research.

On the production side of the economy there are four sectors: final goods produc-
tion, intermediate goods production, R&D, and education. Two production factors
can be used in these sectors: blueprints and labor (human capital). The latter is
available in three different forms: i) workers in the final goods sector, ii) scientists in
the R&D sector, and iii) teachers in the education sector. The final goods sector em-
ploys workers and machines supplied by the intermediate goods sector to produce for
a perfectly competitive consumption goods market. The monopolistically competitive
intermediate goods sector produces the machines used in the final goods sector with
the final good as the variable production factor and one machine-specific blueprint as
fixed input. The blueprints are in turn supplied by the R&D sector which employs
scientists to produce them. Finally, the education sector employs teachers to produce
individual human capital for the next generation denoted by h;11. The expenditures
for the education sector are financed by taxing the wages of adult workers. We assume
that human capital and raw labor are perfect substitutes such that H; = hyL; rep-
resents aggregate human capital with aggregate labor supply as given by L; = [} V.

Figure 2 summarizes this model structure.

2.2 Consumption side

Suppose that adults choose consumption and labor supply to maximize their utility

according to
|
t
maxu; = log ey — 7y

- 1
nas T (1)
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Note: Y refers to the final goods consumed by households and py to their price; X refers to the
intermediate goods used in final goods production with px being the price of these intermediates; A
are the blueprints used for intermediate goods production with pa being their price; H is aggregate
human capital in the production process with H 4 being the human capital of scientists, Hg referring
to the human capital of teachers, and Hy denoting the human capital of workers in the final goods
sector; w refers to the wage rate and 7 denotes the income tax rate that the government sets to finance
education.

Figure 2: Overview of the structure of the general equilibrium model

where ¢; denotes consumption, I; € (0,1] the labor supply, v refers to the disutility
weight of labor, and —1/u is the Frisch elasticity of labor supply. Note that each time
period corresponds to one generation and therefore lasts for around 25 years. The

budget constraint of an adult is given by
(1 = Twihely = c, (2)

where 7 denotes the income tax rate and w; represents the wage per efficiency unit of
labor. Consequently, the left hand side of the budget constraint refers to total lifetime
income of an individual, which can be spent only on consumption. The results of the

maximization problem are expressions for optimal consumption and labor supply

¢ = (1= 7)hawy <i>li” I, = (Ply)li” (3)

exhibiting the standard properties, that is, consumption is increasing with the wage
rate per unit of effective labor and with individuals’ human capital, while the labor

supply is time-independent and depends negatively on the disutility weight of labor



(7), and positively on the Frisch elasticity of labor supply (—1/u).

2.3 Production side

This subsection describes the production structure in the four sectors: final goods
production, intermediate goods production, R&D, and education. The treatment of
the former two sectors is fairly standard (cf. Jones, 1995) such that the description
can be brief. Since we augment the standard framework to account for an income tax
financed public education sector that employs labor to produce human capital of the
young population (and thereby increases the productivity of subsequent generations),
the education sector and the R&D sector compete for talents on the labor market.
To our knowledge, this trade-off has not been analyzed in the literature and we will

therefore describe it in more detail.

2.3.1 Final goods sector

Final output Y;, being consumed by the individuals in the economy and representing

its gross domestic product (GDP), is produced according to the production function

Ay
Y, = H/}* /0 xf; di, (4)

where H;y is human capital employed in the final goods sector, A; is the technological
frontier, that is, it represents the most modern blueprint that has been developed in
the R&D sector, x;; is the amount of the blueprint-specific machine ¢ used in final
goods production, and « is the elasticity of final output with respect to machines.
Due to perfect competition in the final goods market, production factors are paid their
marginal products. This implies that the wage rate per unit of effective labor and
prices of machines are given by, respectively,

Ay }/t
wy = (1-— oz)Ht’;‘/ ry di=(1— a)H , (5)
0 t,Y

pri = oH il (6)

Note that the derived prices for machines rely on the property that the contribution
of an intermediate goods producing firm to the output of the whole sector can be

neglected.

2.3.2 Intermediate goods sector

We assume that a single intermediate goods producer is able to convert output one

for one into machines x;; after it has purchased the corresponding blueprint from the



R&D sector. Therefore, its operating profit reads

Tti = Pt,ilt,i — Ttq (7)

and profit maximization leads to the familiar outcome of Dixit and Stiglitz (1977) that
firms charge prices for machines that are a markup 1/« over marginal cost. Hence, we

have )
bri=p=" (8)

such that there is symmetry between firms and over time implying that the indices ¢
and ¢ can be dropped. Combining equations (6) and (8) yields the optimal output per
firm

2
Tig =xp =aT-aHpy. (9)
Hence, the aggregate production function can be written as
2
Y, = H/V* A = aT-o H! JY Ay (10)
Inserting equations (8) and (9) into operating profits (7) leads to
1ta 2
it =1 = Hyy (alfa — alfa) . (11)

2.3.3 R&D sector

The R&D sector employs scientists with an aggregate human capital level of H; 4
and with productivity § > 0 to develop new blueprints. Following Jones (1995), the

production function of a representative firm in the research sector is given by
A1 — Ay = GAVH, 4, (12)

where ¢ € (0,1) measures the extent of intertemporal knowledge spillovers. A con-
stant long-run growth rate of technology requires either a constant inflow of additional
scientists into R&D, or a continuous increase in education of the scientists already
employed, or both.

The representative firm in the R&D sector maximizes its profits
T4 = e a0APH; A — wy AHy A, (13)

with p; 4 being the price of a blueprint and w; 4 being the wage rate of scientists. This

leads to the optimality condition
W, A = pt’A(SAf, (14)

where wages of scientists increase in the price of blueprints. The reason is that if an



R&D firm can charge a higher price for the blueprints it develops, it would strive to
increase the pace of innovation. This would require the firm to attract workers from the
other two labor-using sectors of the economy: final goods production and education.
To be able doing so, the R&D firm would have to pay higher wages.

Following Aghion and Howitt (2005), it is assumed that patent protection for a
newly discovered blueprint lasts for one generation, that is, for around 25 years. While
this assumption keeps the profit motive for R&D intact, it simplifies the simulation of
transitional dynamics, and it is also more realistic than the assumption of infinitely
lived patents: for example, patent protection in the United States expires after 20 years
and in Germany after 25 years latest (cf. The United States Patent and Trademark
Office, 2012; The German Patent and Trade Mark Office, 2012). For the model to be
properly closed we assume that after a patent has expired, the proceeds of selling it are
spent by the government in an unproductive way. For the balanced growth path this
simplifying assumption is innocuous. Altogether, an R&D firm will then charge a price
for a blueprint that is equal to the operating profit of an intermediate goods producer
in period ¢ (when patent protection is valid) because there is always a potential entrant
in the intermediate goods sector willing to outbid a lower price because of free entry.
To put it differently, in case that blueprints were less (more) expensive, firms would
have an incentive to enter (exit) the market for intermediate goods and prices for
blueprints would rise (fall). Consequently, the only stable equilibrium involves zero
overall profits and the price for a blueprint has to be equal to the operating profits of

the intermediate goods sector
1ta _2
praA =T = Hyy (al‘“ - Oél‘“) . (15)

2.3.4 Education sector

The education sector employs teachers financed by the proceeds of income taxes in
order to produce human capital (see Gersbach et al., 2009; Prettner and Werner, 2014,
who use a comparable financing scheme for basic research in an endogenous growth

model). We assume a balanced governmental budget such that
thhtLt = 'wthtLt,E = thhtltNt = 'wthtltNt’E, (16)

where the left-hand side represents governmental revenues, that is, the proceeds of
taxing the total wage bill (wyhiL;), while the right hand side represents governmental
expenditures, that is, the wages paid for teachers in the education sector (wihyLy g).
This implies that the number of employed teachers is L; p = 7L;. The output of the
education sector is schooling intensity denoted by e;

i _grl -

nN; n

€t:Q




where © measures the productivity of teachers and 7l;/n denotes the teacher-pupil
ratio. This formulation implies that the intensity of schooling increases with the pro-
ductivity of teachers and with public education investments per child. Recall that n
is the gross population growth rate meaning that schooling intensity is also defined
for a stagnating or declining population (n < 1). Note that, ceteris paribus, faster
population growth lowers the teacher-pupil ratio and thereby the schooling intensity.
Building upon Mincer (1974) and following Hall and Jones (1999), Bils and Klenow
(2000), Jones (2002), and Caselli (2005), schooling intensity translates into individ-

ual human capital according to exp [7]} (Qrly /n)}, where (-) measures the extent to

which it does. To put it differently, 1(-) represents the semi-elasticity of individual
labor productivity with respect to increases in schooling intensity.? As regards the
particular specification of the human capital accumulation function, Jones (2002) and
Bloom and Canning (2005) use a linear relationship that can be justified upon evi-
dence by Psacharopoulos (1994), while Hall and Jones (1999) use a piece-wise linear
relationship, differentiating between primary, secondary, and tertiary education with
the impact of schooling on productivity diminishing in the level of education. We allow
for both a linear and a concave relationship by assuming that human capital evolves

according to
Tlt K
hiy1 = exp Q; + &hy (18)

with 17 < 1 specifying the extent of diminishing returns. Furthermore, we assume that
children obtain a part £ < 1 of the human capital of their parents by observing them.
Equation (18) implies that the more the government invests in education of each child
the higher is the average human capital stock and therefore the productivity of the
next generation. This specification is in line with the empirical findings of Card and
Krueger (1992) and Rangazas (2002) suggesting that the quality dimension of schooling
(education expenditures per child or the average number of pupils per teacher) is an
important driver of workforce productivity. Equation (18) also implies that if the
government does not invest in education at all, the human capital of the successive
generation would be the same as those of their parents or would even decrease over time,
depending on £. This can be justified by the notion that, without formal education,

people are observing and learning from their parents and peers (cf. Strulik et al., 2013).

2.4 Market clearing and the balanced growth path of the economy

Labor market clearing implies that the total amount of available human capital is

either employed in the final goods sector, in the education sector, or in the R&D sector

4Note that this formulation assumes that schooling intensity plays a comparable role to “years

of schooling” in the corresponding empirical literature. In the context of an overlapping generations
model with fixed period length, an increase in years of schooling would indeed be tantamount to an
increase in schooling intensity.

10



such that Hy = Hy g + Hy o4 + H;y. Furthermore, we know that wages in all sectors
have to equalize such that w; g = w; a4 = wyy, otherwise one or more sectors would
not be able to attract any workers and the economy ended up in a corner solution.
Equalizing expressions (5) and (14) and noting that employment in the education
sector is 7Ly, yields demand for workers in the final goods sector and in the R&D

sector as, respectively,

Hyy = , (19)

(20)

Recalling that H; = hyl;N; and Hy g = hil; Ny g, we see that an increase in the pop-
ulation size, in individual human capital or in individual labor supply immediately
leads to more employment of aggregate human capital in education and in R&D. The
latter fosters technological progress such that A, rises by more than it would have
otherwise. This in turn increases human capital employment in the final goods sector
in generation ¢ + 1 because technological progress raises the marginal product (and
therefore wages) of the workers in this sector. Altogether the development of new

blueprints can then be described by

1

At = 6(1 — 7)A? <i> A (21)
where the dynamic trade-off that public education investments imply is the following:
while increasing taxes pulls labor from the R&D sector into the education sector, it also
fosters human capital accumulation and therefore raises the productivity of the next
generation’s scientists. In the short- to medium run, the negative effect of the decrease
in the number of scientists on the development of new blueprints will dominate, whereas
in the long run, the positive effect of better education on the productivity of scientists
will prevail.

Goods market clearing ensures that aggregate consumption of adults (¢;L;) is equal
to total output. Putting all information together, the system fully representing the
equilibrium dynamics of our model economy is therefore given by Equation (18), rep-
resenting the evolution of individual human capital, Equation (21), referring to the
evolution of the number of blueprints, and Ny = niV;, denoting the population dy-
namics. Note that these equations hold during the transition to the balanced growth

path and along the balanced growth path itself.

11



3 Results and discussion

Making use of the definition of a balanced growth path, that is, that the growth rate of
a variable does not change over time, we can derive the long-run rate of technological
progress as

ga=[(gn + Doz + D]™F —1=no7 —1, (22)
where g; denotes the growth rate of variable j. Technological progress is driven by
population growth as in Jones (1995). Denoting per capita GDP by y; and putting
everything together, the growth rates of aggregate GDP and per capita GDP can be

written as, respectively,

2-¢
gy =nl-9 — 1, (23)
1
gy =n1-% —1=gy. (24)

Again, both growth rates are driven by population growth.

Now we illustrate the theoretical findings by means of a numerical example. We
consider an economy whose per capita GDP grows along a balanced growth path with
2.04%. Furthermore, education expenditures are 5% of GDP, that is, 7 = 0.05, the
population grows at rate 1.08%, and people work on average 1/3 of their available
time®. These values correspond roughly to the experience of the United States in the
second half of the Twentieth Century.

The effects of an increase in public education expenditures on the growth rate
of per capita GDP is displayed in Figure 3. We assume that the economy initially
moves along the balanced growth path. At generation five, the government decides
to increase public expenditures for education as a fraction of GDP by 2 percentage
points. Afterwards the reaction of the growth rate to this policy change is traced for
25 generations. The increase in public expenditures at impact draws labor out of the
research sector and out of final goods production and reallocates it to the education
sector. This slows down growth in the number of blueprints and of per capita GDP
in the short run. However, it also increases the supply of skilled labor in the future
such that growth in the medium run increases. In the long run, the economy converges
to the old balanced growth path, which is solely driven by population growth as in
Jones (1995). The interesting question is how the intertemporal tradeoff between the
fall in short-run growth and the rise in medium-run growth affects the utility levels of
different generations born at different points in time.

To answer this question, we calculate the effects of changes in public education
expenditures on utility levels over different time horizons and different changes in

public education expenditures (A7). The result is shown in Figure 4, which displays

S5For evidence see, for example, Ramey and Francis (2009).

12
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Figure 3: The effect of rising public education expenditures on growth of per capita
GDP

the difference in the aggregate utility level between inhabitants of an economy that
changes its education policy and inhabitants of an economy without such a change
(AT =0). Aggregate utility is calculated as the sum of the lifetime utilities up to time

horizon N

N
Uy = uyles,1y). (25)
j=1

In Figure 4 the time horizon is displayed on the z-axis. Initially (at N = 0), the econ-
omy moves along a balanced growth path and then changes its education policy (AT).
The extent of this change is displayed on the y-axis. The associated change of aggre-
gate utility in comparison to the benchmark case of an unchanged policy is displayed
on the z-axis. The figure reveals that an increase in 7 reduces welfare for the cohorts
that are already alive and for the cohorts born immediately after the policy change
that suffer because of the short-run slowdown but do not yet gain enough from the
rise in medium run growth. However, the policy change raises welfare over longer time
horizons because the medium-run increase in economic growth yields higher income
levels for cohorts born sufficiently long after the change in education policy. These
cohorts experience income gains to the extent that they are even over-compensated

for the higher level of taxes. The larger the increase in 7, the more pronounced is

13



the initial decrease of welfare and the longer it takes until welfare gains materialize.
The reaction of long-run welfare levels (summed over 30 generations) is positive for
small increases in education expenditures, but turns negative after a certain level of
education expenditures has been surpassed. Consequently, there exists an interior
welfare-maximizing public education expenditure 7 for each time horizon. After 30
generations, the maximum level of welfare would be reached by increasing 7 to around
0.31, which corresponds to 31% of GDP, a level that exceeds the observed education

expenditures in OECD countries by a factor of 5.

UT(r) - UT(benchmark)

Time periods N

AT

Note: The figure displays the difference in aggregate utility levels between inhabitants of an economy
that changes its public education policies and inhabitants of an economy without such a change. The
time horizon is displayed on the x-axis, while the change in 7 is displayed on the y-axis. In case
that the difference is positive, the inhabitants of the economy with the corresponding change in the
research policy are better off in the relevant time period. The shaded plane corresponds to case where
inhabitants of both economies are equally well off, that is, the difference equals zero.

Figure 4: Changes in lifetime utility for changes in public education expenditures 7
for different time horizons (x-axis) and different changes in 7 (y-axis)
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4 Conclusions

We developed an R&D-based growth model with endogenous labor supply and a pub-
lic education sector that is financed by wage taxes. We find that increasing public
expenditures for education leads to a shift of employment from R&D and final goods
production into education and thereby leads to a reduction of growth in the short run.
In the medium run, however, the rise in education expenditures increases the human
capital level and thereby the productivity of workers and scientists to the extent that
technological progress and economic growth speed up. Naturally, these effects imply
an intertemporal tradeoff between the short run costs of education and its long-run
benefits. We show, by means of a numerical illustration, that cohorts alive or born
immediately after an increase in education expenditures stand to loose from such a
policy, whereas future cohorts stand to benefit. Furthermore, we show that there is an
interior expenditure level on education that maximizes the welfare of different cohorts.
This level exceeds the level that we observe in industrial countries by a substantial
amount.

Altogether our analysis shows that educational investments are crucial for long-
run economic prosperity and explains the cross-sectional positive association between
education and per capita GDP that empirical studies find. In addition, our analysis
has the potential to explain why governments are often reluctant to raise education
expenditure levels: they are mainly concerned with the voters who are currently alive
than with the welfare levels of future cohorts. Promising avenues for further research
are to endogenize population growth and private education investments along the lines
of Strulik et al. (2013). Furthermore, an interaction between public education and
basic research as supplied by universities and public research facilities along the lines
of Prettner and Werner (2014) could prove useful to better understand the feedback

effects between education and R&D.

Acknowledgments

We would like to thank Lothar Banz, Bilal Barakat, David E. Bloom, Oded Galor,
Franz X. Hof, Inga Freund, Michael Kuhn, Luca Marchiori, Alexia Prskawetz, Andreas
Schéfer, Christa Simon, Holger Strulik, Uwe Sunde, and the participants of the Annual
Meeting of the Austrian Economic Association in 2012, the German Economic Asso-
ciation in 2012, the 7th European Workshop on Labour Markets and Demographic
Change, and the cege Research Seminar at the University of Gottingen in 2012 for
inspiring discussions and valuable comments. Furthermore, we are grateful for the fi-
nancial support granted by the Max Kade Foundation (post-doctoral fellowship 30393
“Demography and Long-run Economic Growth Perspectives”) and the Institute of

Mathematical Methods in Economics at the Vienna University of Technology.

15



References

Abington, C. and Blankenau, W. F. (2013). Government education expenditures in
early and late childhood. Journal of Economic Dynamics and Control, Vol. 37:854—
874.

Aghion, P. and Howitt, P. (2005). Handbook of Economic Growth, Volume 1A, chapter
2: “Growth with Quality-Improving Innovations: An Integrated Framework”, pages
68-110.

Barro, R. J. (1991). Economic growth in a cross section of countries. The Quarterly
Journal of Economics, Vol. 106(No. 2):407-443.

Barro, R. J. and Lee, J.-W. (2013). A New Data Set of Educational Attainment in
the World, 1950-2010. Journal of Development Economics, Vol. 104:184-198.

Bils, M. and Klenow, P. J. (2000). Does Schooling Cause Growth? American Economic
Review, Vol. 90(No. 5):1160-1183.

Blankenau, W. F. (2005). Oublic schooling, college subsidies and growth. Journal of
Economic Dynamics and Control, Vol. 29:487-507.

Blankenau, W. F. and Simpson, N. B. (2004). Public education expenditures and
growth. Journal of Development Economics, Vol. 73(No. 2):583-605.

Bloom, D. E. and Canning, D. (2005). Health and Economic Growth: Reconciling
the Micro and Macro Evidence. Center on Democracy, Development and the Rule

of Law Working Papers.

Bucci, A. (2008). Population growth in a model of economic growth with human
capital accumulation and horizontal R&D. Journal of Macroeconomics, Vol. 30(No.
3):1124-1147.

Card, D. and Krueger, A. B. (1992). Does School Quality Matter? Returns to Edu-
cation and the Characteristics of Public Schools in the United States. Journal of
Political Economy, Vol. 100(No. 1):1-40.

Caselli, F. (2005). Handbook of Economic Growth, volume 1, chapter 9: “Accounting

for cross-country income differences”, pages 679-741. Elsevier.

Cohen, D. and Soto, M. (2007). Growth and human capital: good data, good results.
Journal of Economic Growth, Vol. 12:51-76.

Dalgaard, C. and Kreiner, C. (2001). Is declining productivity inevitable? Journal of
Economic Growth, Vol. 6(No. 3):187-203.

16



de la Fuente, A. and Domenéch, R. (2006). Human capital in growth regressions:
How much difference does data quality make? Journal of the European Economic
Association, Vol. 4(No. 1):1-36.

Dixit, A. K. and Stiglitz, J. E. (1977). Monopolistic competition and optimum product
diversity. American Economic Review, Vol. 67(No. 3):297-308.

Docampo, D. (2007). International Comparisons in Higher Education Funding. Higher
Education in Europe, Vol 32(No. 4):369-386.

Docquier, F. and Michel, P. (1999). Education Subsidies, Social Security and Growth:
The Implications of a Demographic Shock. Scandinavian Journal of Economics, Vol.
101(No. 3):425-440.

Durlauf, S. N., Johnson, P. A., and Temple, J. R. (2005). Handbook of Economic
Growth, Volume 1A, chapter 8: “Growth Econometrics”, pages 555-677.

Galor, O. and Weil, D. (2000). Population, Technology, and Growth: From Malthusian
Stagnation to the Demographic Transition and Beyond. The American Economic
Review, Vol. 90(No. 4):806-828.

Gersbach, H., Sorger, G., and Amon, C. (2009). Hierarchical Growth: Basic and
Applied Research. Department of Economics, University of Vienna, Working Paper
No: 0912.

Grossmann, V. (2007). How to promote R&D-based growth? Public education expen-
diture on scientists and engineers versus R&D subsidies. Journal of Macroeconomics,
Vol. 29(No. 4):891-911.

Hall, R. and Jones, C. (1999). Why do Some Countries Produce So Much More Output
Per Worker than Others? Quarterly Journal of Economics, Vol. 114(No. 1):83-116.

Hanushek, E. A. and Woessmann, L. (2012). Do better schools lead to more growth?
Cognitive skills, economic outcomes, and causation. Journal of Economic Growth,
Vol. 17:267-321.

Jones, C. I. (1995). R&D-based models of economic growth. Journal of Political
Economy, Vol. 103(No. 4):759-783.

Jones, C. I. (2002). Sources of U.S. Economic Growth in a World of Ideas. American
Economic Review, Vol. 92(No. 1):220-239.

Kaboski, J. P. (2009). Education, sectoral composition and growth. Review of Eco-
nomic Dynamics, Vol. 12(No. 1):168-182.

17



Krueger, A. B. and Lindahl, M. (2001). Education for Growth: Why and for Whom?
Journal of Economic Literature, Vol. 39(No. 4):1101-1136.

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

Lutz, W., Cuaresma, J. C., and Sanderson, W. (2008). The demography of educational
attainment and economic growth. Science, Vol. 319(No. 5866):1047-1048.

Mincer, J. (1974). Schooling, Experience and Earnings. New York, NBER Press.

Nelson, R. and Phelps, E. (1966). Investment in humans, technological diffusion, and

economic growth. American Economic Review, Vol. 61:69-75.
OECD (2012). Education at a Glance: OECD Indicators. OECD Publishing.

Prettner, K. and Werner, K. (2014). Human capital, basic research, and applied
research: Three dimensions of human knowledge and their differential growth effects.

cege Discussion Paper 186.

Psacharopoulos, G. (1994). Returns to Investment in Education: A Global Update.
World Development, Vol. 22(No. 9):1325-1343.

Ramey, V. A. and Francis, N. (2009). A Century of Work and Leisure. American
Economic Journal: Macroeconomics, Vol. 1(No. 2):189-224.

Rangazas, P. (2002). The Quantity and Quality of Schooling and U.S. Labor Produc-
tivity Growth (1870-2000). Review of Economic Dynamics, Vol. 5:932-964.

Sachs, J. D. and Warner, A. (1995). Economic reform and the process of global
integration. Brookings Papers on Economic Activity, (No. 1):1-118.

Segerstrom, P. S. (1998). Endogenous growth without scale effects. American Economic
Review, Vol. 88(No. 5):1290-1310.

Strulik, H. (2005). The role of human capital and population growth in R&D-based
models of economic growth. Review of International Economics, Vol. 13(No. 1):129—
145.

Strulik, H., Prettner, K., and Prskawetz, A. (2013). The past and future of knowledge-
based growth. Journal of Economic Growth, Vol. 18(No. 4). 411-437.

The German Patent and Trade Mark  Office (2012). Url:
http://www.dpma.de/english/patent /index.html [accessed on 12/11/2012].

The United States Patent and Trademark Office (2012). Url: http://www.uspto.gov
[accessed on 12/11/2012].

18



World Bank (2012). World Development Indicators & Global Development Fi-
nance Database. http://databank.worldbank.org/ddp/home.do?Step=12\&id=
4\&CNO=2.

Yew, S. L. and Zhang, J. (2013). Socially optimal social security and education subsi-
dization in a dynastic model with human capital externalities, fertility and endoge-

nous growth. Journal of Economic Dynamics and Control, Vol. 37:154-175.

19



