Social returnsto education:

M acr o-evidence

Industrial Policy and Economic Reforms Papers No. 9

This paper is published in De Economist, 155, no. 4, 2007, and is available at:
http://www.springerlink.com/content/mmu3537324v18311/ful ltext. pdf

Erik Canton

Enterpriseand Industry Directorate-Gener al
European Commission



Social returnsto education:

M acr o-evidence

Erik Canton*

27 August 2007

* European Commission and CPB Netherlands Bureau for Economic Policy Analysis.
Contact: erik.canton@ec.europa.eu



Industrial Policy and Economic Reforms Papers are written by the staff of the Directorate
Genera for Enterprise and Industry or by experts working in association with them. This
publication series aims to raise the awareness and stimulate the debate on issues in the areas
of industrial policy and economic reforms. Views expressed in these papers represent the
positions of the authors and do not necessarily reflect those of the European Commission or
the CPB Netherlands Bureau for Economic Policy Analysis.

Contac information

European Commission

Enterprise and Industry Directorate-General

Unit B4 —"Economic Analysis and Evaluation"
Ruedelaloi / Wetstraat 200

B-1049 Brussels

Tel: (32-2) 295 49 39

Fax: (32-2) 297 41 23

E-mail: entr-economic-analysis-and-eval @ec.europa.eu
Web page:
http://ec.europa.eu/enterprise/enterprise_policy/competitiveness/3_indpol/industrial _policy.htm

A great deal of additional information on the European Union is available on the internet.
It can be accessed through the Europa server http://ec.europa.eu

ISBN 978-92-79-08851-3
ISSN 1831-0672
DOI: 10.2769/48277

Luxembourg: Office for Official Publications of the European Communities

© European Communities, 2008
Reproduction is authorised provided the source is acknowledged.



Abstract

This paper presents new evidence on the social returns to education within a macroeconomic
growth regression framework. | use improved schooling data and a macro version of the
Mincer relationship between education and wages for individual workers. The results suggest
that an increase by one year of the average education level of the labor force would increase
labor productivity by 7-10% in the short run and by 11-15% in the long run. Some evidence is
found for the presence of dynamic human capital spillovers: the human capital stock increases
prospective economic growth. The empirical results are used to quantify the macroeconomic
impact of skill upgrading as agreed upon in the European Union’'s Lisbon strategy for growth
and jobs. Finally, the paper discusses discrepancies between private and social returns to
education.
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1 INTRODUCTION

The vast literature on private returns to education has consistently shown that schooling is a
good investment. Schooling is a maor input in the building up of human capital, and one
additional year of schooling tends to increase a worker’s wage by something between 5 and
15% (e.g. Psacharopoulos and Patrinos, 2004). A man argument for government
subsidization is that education generates positive externalities, as for instance people
exchange knowledge through social interaction outside the conventional market transactions
(cf. Lucas, 1988). These human capital spillovers drive a wedge between social and private
returns to education. Consequently, individuals cannot reap the full benefits from their
educational investments, which may lead to underinvestment from a social viewpoint.
Government subsidization of education will reduce the gap between private and social retuns,
so that the individual incentives to invest in education are no longer distorted. The key

guestion here is how large are the social returns to education?

There are basically two different approaches to study the size of social returns to education.
The first is connected to the empirical growth literature. Income differences across countries
and over time can be explained from differences in factor inputs used in production and
differences in the productivity of these inputs. Especially since the study by Mankiw, Romer
and Weil (1992), there is a large literature on the role of human capital in explaining
economic development. The second approach to estimate social returns to education is based
on the idea that in addition to the individual benefits, human capital has characteristics of a
local public good. In that case the average human capital stock in aregion will have an effect
on the productivity of workers in that region. Mincerian regressions including a proxy for
average educational attainment in the area where the individual works or lives can then give
insight into the quantitative importance of such human capital externalities (cf. Rauch, 1993;
Acemoglu and Angrist, 2001; Ciccone and Peri, 2006).

This article follows the first approach. Many growth regressions failed to produce robust and
plausible macroeconomic impacts of human capital. Two important explanations for this are
measurement problems and misspecification of the relationship between schooling and human
capital (cf. Krueger and Lindahl (2001), and Wolmann (2000)). Firstly, noise in schooling
data leads to a downward bias in the estimated coefficients in growth regressions. Krueger
and Lindahl (2001) evaluate the reliability of the most widely used data sets, showing that
change in education is positively associated with economic growth once measurement error in



education is accounted for. Thisis confirmed in other studies, e.g. Temple (1999), Cohen and
Soto (2001), De la Fuente and Doménech (2006), and Bassanini and Scarpetta (2001).
Secondly, the regression model can be misspecified by assuming alinear relationship between
schooling and human capital (cf. Wol3mann, 2000). Instead, a large labor economics literature
has confirmed that a log-linear specification gives the best fit to the data (cf. Card, 1999).
Indeed, plausible estimates for the social returns to education are obtained when these aspects

are taken into account.

Following up on these recent developments, | will provide some further empirical evidence on
the social returns to education based on macro growth regressions in this paper. Briefly, my
contribution is threefold. Firstly, | assemble a data set for a large number of developed and
some medium-income economies from some state-of-the-art sources. In particular, | combine
series on production per hour worked (the most direct indicator of labor productivity)
available from the Groningen Growth and Development Centre and the high-quality
educational attainment data constructed by Cohen and Soto (2001). A log-linear relationship
between schooling and human capital is conjectured. This represents the macroeconomic
equivalent of the standard Mincer equation in the labor economics literature. Secondly, the
econometric analysis allows for both “level-level” and “level-growth” effects, the former
referring to the relationship between the level of human capital and the productivity level and
the latter referring to the relationship between the level of human capital and productivity
growth. The level-level effect is due to the view that human capital is an ordinary input in the
production process (as in Lucas (1988) and Mankiw, Romer and Weil (1992)), while the
level-growth effect is linked to the notion that human capital increases a country’s absorptive
capacity to assimilate new technologies (e.g. Nelson and Phelps, 1966). The respective
coefficients provide guidance on the presence of static and dynamic human capital
externalities. Thirdly, and finally, the analysis in this paper is put in a policy context. Some
back of the envelope calculations on the economic impact of the human capital investment
program within the EU Lisbon strategy for growth and jobs are provided. Also, by comparing
social returns to education from macro-regressions with estimates of the private returns, | try
to give an impression of the size of human capital externalities.

2 GROWTH MODEL WITH HUMAN CAPITAL
According to human capital theory (developed by Schultz (1961) and Becker (1964)),
education enhances a person’s skill level and thereby his or her human capital. A higher skill



level in the workforce increases the production capacity. Although this sounds very
straightforward, systematic research on how to incorporate human capital in theories of
growth started only about two decades ago. In the 1990s the standard neoclassical growth
model has been revised by introducing human capital, the standard references being Mankiw,
Romer and Weil (1992) and Islam (1995). Consider that the production technology is
determined from a Cobb-Douglas function, augmented by human capital

1) Y, = AK (hL)"?

where Y;; is production of country i in year t, A is total factor productivity, K is the stock of
physical capital, h is the stock of human capital, L is raw labor, and « is the production
elasticity of physical capital. Suppose that labor L and total factor productivity A grow over
time with an annual growth rate of n and g, respectively. Human capital is built through
schooling, and the relationship is given by a macro Mincer equation of the type

(2)  logh, =rS,

where r is the return to education and S is educational attainment.® The growth rate of the
labor force will vary across countries and over time, but technological progressg and physical
capital depreciation  are assumed to be constant. It can be shown that the testable empirical
model is then given by

(3 log(y,) =" llogs - log(n, +g +d)] +1S, + (0, +1, +e,)/(1- )

where yi=Y/L refers to income per worker, and « is the gross investment rate in physical
capital. The first term in brackets on the right hand side is also referred to as adjusted

investments, i.e. logs ™ © logs , - log(n, +g+d). The panel data structure allows for

! The macro Mincer equation is the macroeconomic counterpart of the well-known Mincer equation standard in
the labor economics literature, where the logarithm of the wage of a worker is explained from the worker’s
educational attainment and labor market experience, including as well a set of background characteristics such as
gender, type of labor contract (e.g. full-time or part-time, fixed term or tenure), and sector of economic activity.
Household surveys are used to econometrically estimate this relationship, where the estimated coefficient on
educational attainment is interpreted as the private return to education. These types of regressions are also
referred to as Mincerian regressions, and the estimated returns to education are called Mincerian returns. Thisall
goes back to the seminal work of Jacob Mincer (1974).



country-specific intercept terms «; and time dummies .. This equation is ailmost identical to
the regression model in Soto (2002), where instead of the gross investment rate the capital-
output ratio is included. Ase corresponds to the capital share in output, which is in the order
of magnitude of one third in atypical economy, the regression coefficient for log investments
is expected to be around V2.

The regression coefficient r on years of schooling S can be interpreted as the social return to
education. The social rate of return to education is the macroeconomic counterpart of the
private return to education, which is somewhere between 5 and 15%. In case of well-
functioning markets and the absence of human capital externalities, private and social returns
to education would be identical. The available empirical evidence suggests that private and
social returns are more or less of the same size (there is at least no evidence for the existence
of large discrepancies between both returns, see for instance Lindahl and Canton (2007) for an
overview). So my guessisthat r is between 5 and 15%. Indeed, Soto’s results range from 7%
to 10% (cf. Soto, 2002).

Notice that the macro Mincer specification assumes a linear relationship between the
logarithm of human capital and years of schooling, so the point estimates are semi-elasticities.
The log-linear formulation suggests that each additional year of schooling of the labor force
increases productivity by r percent. Many other studies assume a linear relationship between
human capital and years of schooling, so that the regression coefficient corresponds to the
output elasticity of human capital with an expected size of something like 1/3 (cf. Mankiw,
Romer and Weil, 1992). The regression model can be misspecified by assuming a linear
relationship between schooling and human capital (I will get back to this below; see also the
discussion in Wol3mann (2000)).

Data

Data on educational attainment are taken from Cohen and Soto (2001, but the updated version
available from the OECD website is used). Cohen and Soto estimate school attainment for 5
year age-groups in 10-year intervals for 95 countries, utilizing OECD, national or UNESCO
censuses, extrapolating missing observations. Sometimes they rely on enroliment data when
census data is missing. This is probably the best existing data set on education for a large
number of countries to date. For labor productivity y | use time series on output per hour
worked available from the Groningen Growth and Development Centre. The Groningen



Growth and Development Centre also provides series on output per capita or output per
worker, but as employment rates and hours worked vary across countries and over time,
production per hour worked is the most appropriate indicator for labor productivity (the
Annex briefly discusses the differences between the three indicators and their econometric
implications). Data on population growth are also obtained from the Groningen Growth and
Development Centre. Gross investment rates are taken from Penn World Tables (version 6.2).
As investment rates are rather volatile, | use average investment rates. For 1960 | use the
average investment rate between 1950 and 1960, etc. Following Mankiw, Romer and Well
(1992), the sum of technological progress and capital depreciation is set at 0.05. Combining
the various sources enables the construction of a data set for 31 (mostly developed) countries
for the years 1960, 1970, 1980, 1990 and 2000 (though data are not aways available for all
years).

Table 1: Summary of the data set

Variable Observations Mean  Standard Minimum  Maximum
deviation

GDP per capita (1990 144 11707 5989 2247 28403

$)

GDP per worker 144 27399 11683 5266 57928

(1990 $)

GDP per hour (1990 144 1520 7.70 2.36 35.51

$)

Annual hoursworked 144 1890 214 1380 2424

Investments (% GDP) 144 2197 6.63 6.97 48.52

Population growth 144 1.27 1.07 -0.44 5.08

(%)

Educational 144 8.89 2.75 2.14 13.12

attainment, 15-64 age

group (years)

Educational 144 8.14 2.75 1.68 12.88

attainment, 25+ age

group (years)

Countries: Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, Colombia, Cyprus,
Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Japan, Mexico,
Netherlands, New Zealand, Norway, Portugal, Singapore, Spain, Sweden, Switzerland,
Turkey, United Kingdom, United States, Venezuela

Table 1 presents a summary of the data set. GDP per hour worked is on average about US$ 15
(1990 prices), and ranges from US$ 2.36 in Turkey (in 1960) to US$ 35.51 in Norway (in
2000). This highest productivity performance per hour worked goes together with the lowest



figure for annual hours worked (1380 hours), while most hours were worked in Singapore
(2424 hours in 1970). Average educational attainment of the 15-64 population group (who is
not studying) is aimost 9 years for the full sample, and varies from 2.14 years in Turkey
(2960) to 13.12 in the United Kingdom (2000). Y ears of schooling of population 25 and over

(whether studying or not) is somewhat lower.

3RESULTS

Table 2 presents results from fixed effects regressions. | use income per capita, income per
worker and income per hour worked as dependent variables, and educational attainment for
the groups 15-64 (not studying) and 25+ (whether studying or not). The results are very
interesting, and almost perfectly match expectations. The results also broadly confirm the
findings in Cohen and Soto (2001) and Soto (2002). The coefficient of adjusted investments is
close to its predicted value of 0.5, so that the regressions reported in the table all produce
estimates of ¢ of around one third. The estimated social returns to education are between 11
and 15%. These should be interpreted as long-term social returns, allowing for physical
capital to adjust to changes in educational attainment. The short-term effect of an additional
year of schooling is calculated asr(1-¢), and is also reported in the table. These short-term
social returns to schooling are closely in line with typical estimates of private returns to
schooling (cf. Psacharopoulos and Patrinos, 2004), implying that there are no significant static

externalities from human capital accumulation.

Table 2: Educational attainment and labor productivity level

(1) (2) 3) (4) (5) (6)
Dep. GDP per GDP per GDP per GDP per GDP per GDP per
variable: capita worker hour capita worker hour

* *

logs ¥ 0431 0473° 0471 0438~ 04747 04727
| (0.100) (0.109) (0.120) (0.099) (0.110) (0.121)

* k% *k %k * %k

it 0.119 0.111 0.113
(0.036) (0.039) (0.043)

sz 0.151"" 0.122" 0.122"
(0.044) (0.048) (0.053)

Obs. 144 144 144 144 144 144

R? (within) 0.86 0.81 0.83 0.86 0.81 0.83

impliede  0.301 0.321 0.320 0.305 0.322 0.321

short-teem  8.34% 7.55% 7.69% 10.49% 8.28% 8.32%

return to

education

10



Note: Estimations are based on fixed effects regressions. Standard errors in parentheses. *
indicates significance at the 10%-level, ** indicates significance at the 5%-level, and ***
indicates significance at the 1%-level. Time dummies are included.

Of these “level-level” estimates presented in table 2, | consider regression (3) as the preferred
regression model, as the dependent variable (GDP per hour worked) is the most direct
measure for labor productivity, while the educational attainment variable pertains to the
population in the age group 15-64 who is not studying (which is the most direct estimate of
the educational attainment of a country’s labor force).

Specifying human capital

In the above presented regressions human capital is measured by educational attainment, i.e.
the average number of years in formal education. Other studies have used alternative
measures for human capital. Mankiw, Romer and Weil (1992) use the percentage of the
working-age population that is in secondary school. Primary and tertiary education are not
included. Also, enrollment rates refer to human capital investments, not stocks and Wa6l3mann
(2000) mentions some reasons why these enrollment ratios may actually be a poor proxy for
the relevant flows of human capital investments. Enrollment ratios in one year do not measure
the human capital embodied in the labor force entrants of that year, but refer to the human
capital acquired by students who may or may not participate in the labor force at some future
time. Also, net investment flows would have to take account of the human capital content of
the workers who are exiting the labor force that year. School enrollment ratios may thus be an

inaccurate proxy for changes in the human capital stock.

To proxy for the stock of human capital that is currently used in production, it would be
natural to measure the accumulated educational investment embodied in the current labor
force. Barro and Lee (1993) present data on educational attainment for the population aged 15
and over, and Barro and Lee (1996, 2001) also include data for the populationof 25 years and
older. They use census/survey observations on educational attainment as benchmark stocks,
and when this information is not available the authors generate a forward-flow or backward-
flow by using a perpetual inventory method based on enrollment data. Portela, Alessie and
Teulings (2004) show that the perpetual inventory method smoothes observations, thereby
compressing the data.” The Barro-Lee data thus underestimate the true values of education.

2 More precisely, Barro and Lee assume that the survival rate is independent of the education level. In most
countries average educational attainment is rising, as younger generations are more educated. The particular

11



The discrepancy between the census data and the constructed non-census data is proportional
to the time elapsed since the previous census, and Portela, Alessie and Teulings correct the
education data by subtracting the estimated measurement errors from the Barro-Lee series. De
la Fuente and Doménech (2006) construct an improved data set on educational attainment for
OECD countries by removing sharp breaks in the Barro-Lee data and by exploiting a variety
of sources not used by Barro and Lee. Table 3 presents growth regressions using the
schooling data from Barro and Lee (2001) and De la Fuente and Doménech (2006). The data
on average educational attainment in De la Fuente and Doménech (2006) pertain to the
population aged 25 and over. For comparability reasons | therefore used the Barro and Lee
series for the population of 25 years and older.

Table 3: Educational attainment and labor productivity level using alternative schooling data

(7) (8)
Schooling data: Barro and Lee De la Fuente and Doménech
Dep. variable: GDP per hour GDP per hour
logs 0.453" 0.285

(0.124) (0.189)
s> 0.025 0.023

(0.033) (0.069)
Obs. 144 8l
R? (within) 0.82 0.91
implied 0.312 0.222
short-term return to 1.69% 1.78%

education

Note: Estimations are based on fixed effects regressions. Standard errors in parentheses. *
indicates significance at the 10%-level, ** indicates significance at the 5%-level, and ***
indicates significance at the 1%-level. Time dummies are included.

Compared with regression (6), the results worsen dramatically. In regression (7) where the
Barro and Lee (2001) schooling data are used, the coefficient of adjusted investments is
comparable to the earlier results presented in table 2, but the estimated social return to
schooling loses statistical significance. Regression (8) with the De la Fuente and Doménech
(2006) educational attainment series yields insignificant estimates for both the coefficient of

survival rate assumption would thus underestimate the survival of more educated individuals, resulting in lower
average educational attainment for the country as awhole.

12



adjusted investments and the returns to schooling.® The conclusion from this exercise is that
the Cohen and Soto (2001) schooling data yield the most plausible results. Generally, noisein
the measurement of educational attainment leads to a downward bias in the regression
coefficients, which may render the estimates of the returns to schooling insignificant. Indeed,
Cohen and Soto (2001) calculate that their data and the data from De la Fuente and Doménech
display the highest reliability ratios (i.e. the fraction of the variability of a measure that is due
to the variability of the true variable). The reliability ratio for the Barro and Lee data is lower,
which can explain the lower estimate for the returns to schooling in regression (7).
Comparison with the data from De la Fuente and Doménech is hampered because the latter
source only includes OECD countries.

The second explanation for why many growth regressions failed to produce robust and
plausible macroeconomic impacts of human capital is related to misspecification of the
econometric model. In particular, the assumption of a linear relationship between schooling
and human capital made in many growth studies is in contrast with findings from the labor
economics literature which have firmly confirmed that alog-linear specification gives the best
fit to the data (cf. Card, 1999). To study the sensitivity of the regression results to the type of
specification, | present in table 4 the empirical results when the model assumes a linear
relationship between schooling and human capital. The results when the Barro and Lee data
and the Cohen and Soto data are used imply no significant impact from human capital on
labor productivity. A strong effect of human capital on productivity is found when the data by
De la Fuente and Doménech (2006) are employed, but this coefficient seems implausibly

large.*

% In contrast, De la Fuente and Doménech (2006) and De la Fuente (2007) report sizable contributions of
educational attainment to productivity. | shall next turn to an explanation for this discrepancy, namely
mi sspecification of the relationship between schooling and human capital in their econometric approach.

* Regression (11) reproduces the findings in De la Fuente (2007) of a large output elasticity of human capital. He
reports estimates that range from 0.587 to 2.606 with an average value of 1.11, bringing him to the conclusion
that the true value of the output elagticity of human capital is “amost certainly above 0.50, that is, at least 50%
higher than the most optimistic estimate of reference in the previous literature’” (De la Fuente, pages 16-17,
2007).

13



Table 4: Educational attainment and labor productivity level using a linear relationship
between schooling and human capital

(9) (10) (11)
Schooling data: Cohen and Soto Barroand Lee De la Fuente and
Doménech
Dep. variable: GDP per hour GDP per hour GDP per hour
logs 0.442" 0.442" 0.381"
(0.124) (0.123) (0.168)
|Og St25+ '0034 'O. 102 1675
(0.192) (0.163) (0.434)
Obs. 144 144 81
R? (within) 0.82 0.82 0.93

Note: Estimations are based on fixed effects regressions. Standard errors in parentheses. *
indicates significance at the 10%-level, ** indicates significance at the 5%-level, and ***
indicates significance at the 1%-level. Time dummies are included.

Does the stock of human capital affect economic growth?

An alternative view to the role of human capitd in the process of economic development is
that human capital increases a country’s absorptive capacity to adopt Sate-of-the-art
technologies. Nelson and Phelps (1966), Vandenbussche, Aghion and Meghir (2006) and
Benhabib and Spiegel (1994, 2005) assume that the human capital stock influences the speed
of technological catch-up and knowledge diffusion. To test this hypothesis | investigate the
importance of the human capital level for productivity growth. Table 5 first shows the
preferred regression model (3) estimated in growth rates. The results are closely comparable,
cf. regression (12). The estimated social return to schooling is somewhat lower - which can be
expected as measurement error present in educational attainment data is exacerbated when
first-differenced so that there is a stronger downward bias of the regression coefficient - but
still significantly different from zero at the 5% level. In model (13) lagged educational
attainment is included to investigate whether this has an impact on labor productivity growth
through the technology adoption channel. Surprisingly, the coefficient on lagged educational
attainment is negative, but insignificantly different from zero. This coefficient may pick up a
catch-up effect, as countries with low educational attainment are typically countries with low

14



labor productivity, and hence countries which may profit from economic growth through the
catch-up mechanism. In that case the coefficient on lagged educational attainment suffers

from omitted variables bias.

Table 5: Educational attainment (level and changes) and labor productivity growth

(12) (13) (14)
Dep. variable: Growth GDP per Growth GDP per Growth GDP per
hour hour hour
 logs 0.466 0.458 " 0.230 "
| (0.081) (0.082) (0.082)
.55 0.076 0.068 0.077
' (0.034) (0.036) (0.032)
lacged S -0.000 0.003
000 5 (0.001) (0.001)
lagged log(yir) -0.026
(0.004)
Obs. 113 113 113
R? (adjusted) 0.24 0.24 0.41

Note: Estimations are based on OLS regressions. Standard errors in parentheses. * indicates
significance at the 10%-level, ** indicates significance at the 5%-level, and *** indicates
significance at the 1%:-level.

In (14) also lagged labor productivity per hour is included to capture the catch-up effect. This
renders the coefficient on lagged educational attainment positive, and significantly different
from zero at the 1% level. According to this estimation, a one year increase in average
educational attainment of the workforce would lead to an increase in labor productivity
growth of 0.3%-point. This can be labelled as a dynamic human capital externality. Though
more research would be needed to establish their robustness, these regressions are interesting
in that they suggest the presence of dynamic human capital externalities.

4 THE RE-LAUNCHED LISBON AGENDA FOR GROWTH AND JOBS

Arguably one of the most comprehensive policy packages to strengthen economic
performance is the Lisbon strategy for growth and jobs, initiated at the Lisbon summit of EU
leaders in 2000. Part of this strategy is to increase investments in human capital. The May

®> Only few studies are available to compare this result of a dual role for human capital. An example is Portela,
Alessie and Teulings (2004), who report estimated impacts from lagged educational attainment on productivity
growth of a similar magnitude.
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2003 Council agreed on specific targets, including a reduction of early school leavers, an
increase in the percentage of persons who have completed at least upper secondary education,
an improvement in reading literacy, increased participation in life long learning, and an
increase in the number of graduates in mathematics, science and technology. Gelauff and
Leour (2006) analyze the economic impact of reaching these (and other) Lisbon targets by
imputing the quantitative targets in a general equilibrium model (WorldScan). Specifically,
Gelauff and Lejour calculate the associated increase in labor efficiency, which is imputed in
the model as a labor productivity shock. Skill upgrading in light of the Lisbon strategy is
computed to generate about 0.5% of GDP at EU level in 2025 compared to the baseline
simulation. This impact is increasing to 1.7% of GDP in 2040 (notice that the full impact on
educational attainment is only reached when the last “pre-Lisbon” cohort has retired from the
labor force).

These effects are the joint contribution from the five skill targets mentioned above. Instead of
using a computable general equilibrium model, | can use the empirical results from this paper
in an otherwise comparable thought experiment, namely the calculation of the productivity
gainsif the Lisbon skill targets are reached. | focus on the upper secondary school completion
target. The reason isthat achievement of this target would probably have the largest impact on
a country’s average educational attainment, as it directly affects the length of a student’s
school career.® Regarding the upper secondary school completion target, Gelauff and Lejour
find that after 10 years labor efficiency would increase by 0.1% in the Nordic countries and
the new member states, while Portugal (on the other side of the spectrum) would gain 1.3%.
These impacts gradually increase until the full effect is reached after about 40 years (with for
instance a labor efficiency gain of 1.7% in Portugal).

Whereas Gelauff and Lejour (2006) base the calculation of the labor efficiency shock on a
sophisticated satellite model for WorldScan developed in Jacobs (2005), | use a simpler

® Notice that also the target to reduce early school leaving will affect average educational attainment, but
preventing early school leaving implies that sudents complete an upper secondary education degree (cf. Gelauff
and Leour, 2006), so in the modeling exercise no distinction between these two targets can be made. The
reading literary target concerns a qualitative aspect of the education sector which cannot be studied in the context
of the present analysis (but it should be noted that the importance of the quality of human capital for economic
performance is acknowledged in recent research, see for instance Hanushek and Kimko (2000) and Hanushek
and Wolmann (2007)). The lifelong learning target is mostly about (post-education) training activities, and the
associated increase in human capital is not captured in the average educational attainment variable employed in
this analysis. Finally, the European Union’s ambition to increase the total number of graduates in mathematics,
science and technology not necessarily corresponds to an increase in the total number of students in higher
education, as students may shift away from other disciplines.

16



approach. Specifically, | assume that students who completed upper secondary education
(International Standard Classification of Education 3) have attended one additional year of
formal education than students who completed education at the lower secondary level (ISCED
2). | furthermore assume that the students affected by the Lisbon reform do not continue their
education after completion of the upper secondary level. These two assumptions in
combination with the current share and Lisbon target for completing at least upper secondary
school available from Jacobs (2005) are used to calculate the full impact on average
educational attainment for the group of countries included in the WorldScan simulations, cf.
the third column of table 6. For example, if Austria reaches the target of 89% of people aged
22 with at least upper secondary school, average educational attainment in Austriawould rise
by 0.03 years. Portugal witnesses the larges change, and average educational attainment in
the Portuguese labor force is calculated to increase by 0.19 years (i.e. on average almost ten
weeks of extra formal schooling). From the estimates presented in regression (3) (cf. table 2)
it is then straightforward to calculate the labor productivity effects. In the fourth column the
estimated productivity impact without adjustments of the physical capital stock is calculated
by using a social return to education of 7.7%, while the last column presents the productivity
effects after adjustments of the capital stock (using a social return to education of 11.3%).”
The labor productivity gains from achieving the upper secondary school completion target
calculated from the estimated social returns to education inthis paper are broadly in line with
the results in Gelauff and Lejour (2006).

Finally, the question of policy effectiveness comes to the fore. Which policy instruments most
effectively increase upper secondary school completion rates? Ideally, policy dedgn is
evidence-based, adopting an experimental or quasi-experimental research design to determine
the causal impact of a particular intervention (see e.g. Webbink (2005) for a survey). The art
here for national administrations and institutions like the European Commission is to assess

the likelihood that the existing set of policy actions will suffice to reach the objectives.

" To be on the conservative sidg | use the results from regression (3), and not the ones from regression (11)
allowing for dynamic human capital spillovers.
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Table 6: Productivity impacts of reaching the upper secondary school completion target

Current share Lisbontarget Increasein Productivity  Productivity

completingat completingat average impact impact with
least upper least upper educational without capital
secondary secondary attainment capital adjustment
education education (years) adjustment
Austria 0.86 0.89 0.03 0.23% 0.34%
Belgium- 0.82 0.86 0.04 0.31% 0.45%
L uxembourg
Czech 0.93 0.94 0.01 0.08% 0.11%
Republic
Denmark 0.87 0.90 0.03 0.23% 0.34%
Finland 0.90 0.92 0.02 0.15% 0.23%
France 0.78 0.84 0.06 0.46% 0.68%
Germany 0.88 0.91 0.03 0.23% 0.34%
Greece 0.77 0.83 0.06 0.46% 0.68%
Hungary 0.86 0.89 0.03 0.23% 0.34%
Ireland 0.80 0.85 0.05 0.38% 0.57%
Italy 0.64 0.74 0.10 0.77% 1.13%
Netherlands  0.80 0.85 0.05 0.38% 0.57%
Poland 0.88 0.91 0.03 0.23% 0.34%
Portugal 0.38 0.57 0.19 1.46% 2.15%
Slovakia 0.96 0.96 0 0% 0%
Slovenia 0.88 0.91 0.03 0.23% 0.34%
Spain 0.62 0.73 0.11 0.85% 1.24%
Sweden 0.92 0.93 0.01 0.08% 0.11%
United 0.74 0.81 0.07 0.54% 0.79%
Kingdom
Rest EU 0.91 0.93 0.02 0.15% 0.23%
EU25 0.80 0.85 0.05 0.38% 0.57%

Note: Current shares and Lisbon targets are taken from Jacobs (2005).

5 COMPARING PRIVATE AND SOCIAL RETURNS TO EDUCATION

A central policy question is whether social returns to schooling exceed private returns. The
results in section 3 suggest that the estimated sodal returns to schooling are approximately of
the same size as the private returns, so there is no evidence that substantial human capital
externalities prevail globally (i.e. for the full sample of countries). However, there might be
substantial cross-country variations in these social returns. Jamison, Jamison and Hanushek
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(2006) present country-specific social returns to education, and their results suggest that social
returns are below the sample average in Argentina, Mexico and Turkey, while social returns
are above the sample average in Belgium, Cyprus, Ireland and Singapore. Jamison, Jamison
and Hanushek (2006) also compare their country-specific social returns to education to the
private returns to education reviewed in Psacharopoulos and Patrinos (2004).2 In some
countries there is an apparent imbalance between both returns. Argentina, Brazil, Colombia
and Mexico have private returns in excess of the social return to education. Social returnsin
excess of the private return are observed for instance in Austria, Belgium, the Netherlands,
Norway, Singapore and Spain. Such discrepancies between social and private returns may
signal sub-optimal investment levels in human capital. This opens up a myriad of new
research questions, such as how to intervene in education markets to restore optimal
educational investments, which go beyond the scope of this paper. But | shall touch upon the
guestion which education levels may generate the largest human capital externalities below.

To that end, let us look how these returns depend on levels of educational attainment. To get
an impression of the importance of decreasing returns to education, | plot in figure 1 the
private returns to educational investments reported in Psacharopoulos and Patrinos (2004)
against educational attainment (15-64 age group) reported in Cohen and Soto (2001, figures
pertain to the year 2000) for the sample of countries investigated in this paper (estimates for
the private returns to education are not available in some cases). Indeed there is evidence that
the private returns to education in countries with high educational attainment tend to be
somewhat lower than the private returns in countries where schooling levels are lower. A
simple OLS regression yields that the private return decreases by about 0.54%-point for each
additional year of schooling (the regression coefficient is significantly different from zero, but
only at the 10% level). This is somewhat smaller than the effect calculated in Harmon,
Oogterbeek and Walker (2003), who report a reduction of about 1%-point for an additional

schooling year in the population.

8 The private returns to education are based on studies of the determinants of individual earnings using
household data, whereas the social returns are based on macro growth regressions. Such a comparison between
private and social returns should therefore be interpreted with caution.
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Figure 1: Private return to education and educational attainment
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These decreasing returns may also play arole for the social returns to education, and can be
captured by considering an adjusted macro Mincer equation of the type

@4 logh=3r.S,

where time and country indices are suppressed, and r, is the social return to education
corresponding to the level of education a. To implement this piecewise linear Mincer
formulation, three levels of education are distinguished, 0-6 years, 6-10 years and more than
10 years of formal schooling (which roughly corresponds to primary, secondary and tertiary
education), i.e.
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logh=rS+r,SKS>6} +r,SKS>10}

where 1{ .} is the indicator function, taking the value 1 if the logical condition in brackets
holds and the value O if not. Re-estimation of the preferred regression model (3) extended
with such a piecewise linear Mincerian equation yields insignificant coefficientsfor the slope
changes. The coefficients (standard errors) for ry, rp, and r3 are 0.112 (0.053), -0.003 (0.015),
and 0.010 (0.006), respectively. In other words, no evidence is found for the presence of
decreasing social returns to education.” To check the robustness of this result | also re-ran
regression (14) with the piecewise linear Mincer equation. This yields similar findings (the
regression coefficients of r, and r3 are negative but not gatistically significant). In other
words, discrepancies between social and private returns to schooling tend to increase if a
country has a higher average educational attainment. As such improved average educational
attainment is typically induced by increased participation in tertiary education, a question for
further research would be whether human capital externalities are more relevant at the right-
hand side of the skill distribution.

6 CONCLUSIONS

Macro growth regressions for a group of 31 (mostly developed) countries yield estimates of a
social return to education in the order of magnitude of 11-15%. So when average educational
attainment of the labor force is increased by one year, the estimated impact on labor
productivity is around 11-15%. This return shows little difference across the alternative
productivity indicators used in this study (i.e. GDP per capita, GDP per worker and GDP per
hour worked). These returns to education allow for adjustments in the physical capital stock,
so they are to be interpreted as returns associated with balanced growth. Short-term returns to
education where the capital stock is assumed to be fixed are in the range of 7 to 10%. The
presented regression models also produce very plausible values for the production elasticity of
physical capital. In addition to an impact of educational attainment levels on productivity

° Few studies do take account of a piecewise linear Mincer specification. This is typically done by calculating
average private returns to education at various education levels from review studies. For instance, Hall and Jones
(1999) assume a rate of return of 13.4% for the first 4 years of education (this is the average rate of return
Psacharopoul os (1994) reports for sub-Saharan Africa), avalue of 10.1% for the next 4 years (the average for the
world as a whole), and 6.8% beyond 8 years of education (which corresponds to the average rate of return in
OECD countries reported in Psacharopoul os (1994)). | found only few studies where private returns to education
are estimated allowing for a piecewise linear Mincer specification (e.g. Giles, Park and Zhang (2003), finding
evidence for higher private returns to education for higher levels of education in China), and to the best of my
knowledge there are no other studies where social returns to education are estimated using a piecewise linear
Mincer specification such as equation (4).
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levels, human capital is found to have a dual role in the sense that the human capital stock
improves a country’s capacity to assimilate new technologies in the spirit of the early work by
Nelson and Phelps (1966). The conclusion of this exercise is that econometric estimations of
the social returns to education using high-quality data on educational attainment and a macro
Mincer relationship between human capital and years of schooling yield plausible results,
which could feed into policy debates on the quantitative impacts of education policies. As an
illustration | used the results to quantify the macroeconomic impact of reaching the target to
increase upper secondary school completion as agreed upon in the European Union’'s Lisbon
strategy for growth and jobs.

Finally, a comparison of the estimated social returns with private returns leads to the
conclusion that private and social returns to education are roughly of equal size: no evidence
is found for substantial human capital externalities. However, | hasten to add that human
capital spillovers may certainly prevail in some countries. Indeed, Austria, Belgium, the
Netherlands, Norway, Singapore and Spain seem to have social returns in excess of the
private returns, with the apparent risk of underinvestment in schooling in these countries,
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Annex: Output per capita, output per worker or output per hour worked?

Most studies use series on output per capita or output per worker, but as employment rates and hours
worked vary across countries and over time, production per hour worked seems the most appropriate
indicator for labor productivity. Let us briefly look at the influence of the various choices on the
regression results. By definition it holds that

GDP _ EMPL GDP
HOUR HOUR EMPL

GDP _ POP GDP
HOUR HOUR POP

Or, inlogs,

IoggeGDP Q:IOQEEEMPL 9+IoggeGDP 9
eéHOURg eHOURg eEMPL g

IoggeGDP 0_ o POP c)+| a&SDP o

SHOURy  C9$HOURS  9%POP 4

While GDP/HOUR is the most obvious indicator for labor productivity, one can simply rearrange
terms to express the regression model with GDP/POP or GDP/EMPL as endogenous variables. In a
cross-country growth analysis, the average factor of proportionality (i.e. the sample average of
log(EMPL/HOUR) or log(POP/HOUR)) will affect the constant term, while country-specific
deviations from that average will show up in the error term. If these country-specific deviations in the
proportionality factor are correlated with the explanatory variables, the identifying assumption of
Ordinary Least Squares estimation is violated and the regression estimates will be biased. Pand data
estimation mitigates this problem, as cross-country differences in log(EMPL/HOUR) or
log(POP/HOUR) would show up in the country-specific intercept term, and variations in these factors
over time can be captured by time dummies. In other words, GDP/HOUR is the preferred indicator for
labor productivity, but in a pand data setting with time dummies one would expect that the results
obtained with GDP/POP or GDP/EMPL as dependent variables are closely comparable.
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