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Existing growth research provides lttle explanation for the very large differences
i long-run growth performance across OECD countries. We show that cogni-
twe skills can account for growth differences within the OECD, whereas a
range of economic institutions and quantitative measures of tertiary education
cannot. Under the growth model estimates and plausible projection parameters,
school improvements falling within currently observed performance levels yield
very large gains. The present value of OECD aggregate gains through 2090
could be as much as $275 trillion, or 15.8% of the discounted value of future
GDP for plausible policy changes. Extenswe sensitwity analyses indicate that,
while different model frameworks and alternative parameter choices make a dif-
ference, the economic impact of improved educational outcomes remains enor-
mous. Interestingly, the quantitative difference between an endogenous and
neoclassical model framework — with improved skills affecting the long-run
growth rate versus just the steady-state income level — matters less than aca-
demic discussions suggest. We close by discussing evidence on which education
policy reforms may be able to bring about the simulated improvements in educa-

tional outcomes.

— Eric A. Hanushek and Ludger Woessmann
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How much do educational
outcomes matter in OECD
countries?
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for Economic Research, CESifo and IZA

1. INTRODUCTION

Despite its surge over the past two decades, research in the economics of growth —
both theoretical and empirical — has produced surprisingly few resilient results
about policies that might promote long-run growth in developed countries (cf. Agh-
ion and Howitt, 2006). Most of the robust results that exist refer either to the
importance of basic economic institutions, with important policy implications for
developing countries, or to policies that affect short- to medium-term growth in
developed countries. Here we present evidence that improved human capital,
measured by cognitive skills, has the potential for substantial improvements in the
long-run economic well-being of OECD countries.

This paper was presented at the 52nd Panel Meeting of Fconomic Policy in Rome. We thank four anonymous referees, Luigi
Pistaferri, Fabiano Schivardi and the other panel participants for their comments. Woessmann gratefully acknowledges the
support and hospitality provided by the W. Glenn Campbell and Rita Ricardo-Campbell National Fellowship of the Hoover
Institution, Stanford University, as well as support by the Pact for Research and Innovation of the Leibniz Association.
Hanushek was supported by the Packard Humanities Institute.

The Managing Editor in charge of this paper was Tullio Jappelli.

Economic Policy July 2011 pp. 427491 Printed in Great Britain
© CEPR, CES, MSH, 2011.



430 ERIC A. HANUSHEK AND LUDGER WOESSMANN

The immense variation in the long-run growth experiences of developed
countries has largely escaped notice. For example, from 1960 to 2000, GDP per
capita grew on average by less than 1.5% per year in New Zealand and Switzer-
land, but by more than 4% per year in Ireland, Japan and South Korea. As a con-
sequence, the average Korean was about 10 times as well off in 2000 as in 1960,
and the average Irish and Japanese about 5 times. By contrast, the average New
Zealander and Swiss were only 1.6-1.8 times as well off than 40 years before.
These stark differences are directly visible when comparing the three fastest-grow-
ing and the three slowest-growing countries highlighted (together with the United
States) in Figure 1, which plots GDP per capita in 1960 and 2000: Korea surpassed
several other OECD countries, including Mexico; Japan and Ireland went from
40-45% to 131-140% of New Zealand’s income; and Ireland caught up to Switzer-
land from an initial level of 35% of its GDP per capita.
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Figure 1. GDP per capita in fastest- and slowest-growing OECD countries in
1960 and 2000

Notes: GDP per capita in constant international dollars. See Table 1 for data for all OECD countries.

Source: Authors’ depiction based on data from Heston e al. (2002).
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Following prior work on the difference between developing and developed coun-
tries, this paper focuses on the role of human capital as measured by cognitive skills
in explaining these long-run growth differences among OECD countries. Our anal-
ysis of growth differences relies largely on the 24 OECD countries with consistent
data on cognitive skills and economic growth, although we also provide some
relevant comparisons with the expanded sample of 50 countries that incorporates
non-OECD countries.” Within the OECD, long-run growth is closely related to
cognitive skills.

Perhaps the leading candidate for being a more fundamental explanation of
growth than human capital is the quality of a country’s economic institutions such
as having secure property rights or an open economy along with regulations of
labour and product markets, bureaucratic burdens and the like. But, we show that
these institutions do not help us understand differences in long-run growth rates
among OECD countries.

We then turn to considering how educational policy differs across countries. Policy
choices are most readily seen in very different levels of tertiary education, but they
also show up in varying levels of achievement. For example, while Australia currently
has 87% of a cohort entering tertiary education, Norway has 71%, and Italy has
51% (Organization for Economic Co-operation and Development, 2010). We sepa-
rately measure basic and top skills, based on the micro data of the international
achievement tests, and then consider the implications both of high skills and of
tertiary schooling on growth. The results suggest that basic skills have substantial
growth pay-offs in OECD countries and that, if anything, the return to top skills is
lower, not higher, in the OECD. Further, we do not find a specific role of tertiary attain-
ment for OECD growth once direct measures of skills are taken into consideration.

The analysis of growth regressions allows us to project the economic value of
education reform alternatives for each OECD country. We evaluate the economic
outcomes of a series of plausible policy programmes including improving student
performance by 25 PISA points (1/4 standard deviation); bringing all countries in
the OECD up to the level of Finland; and bringing all students in OECD countries
to minimum proficiency (400 points on the PISA tests). As discussed below, history
indicates that at least the first two reforms fall within international experience.

The present value of the reform efforts varies by country, depending on current
economic and educational performance. However, the simulation exercises suggest
that the aggregate gains across all OECD countries range from $90 trillion to $275
trillion for the different policy alternatives. These gains, for example, far exceed the
level of stimulus funds in the recent global recession. We provide detailed sensitivity
analyses of the simulations with respect to a range of alternative specifications and

' With the limited country samples, there is a distinct trade-off between incorporating the added observations from the full
world sample and restricting the economic relationships to being the same across all countries. Throughout the analysis, we
provide information on the similarities and differences of developed and developing countries.
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parameter choices but find that the qualitative picture of huge returns to improving
skills remains.

Knowledge of the potential gains from improving schools does not, however,
indicate what should be done to obtain these results. In fact, school improvement
has been high on the policy agenda of a large number of OECD countries, but the
results of actions have many times fallen short of expectations. Experience suggests
that simple increases in school resources do not consistently improve outcomes.
Teacher quality is very important, but measuring and regulating quality i3 exceed-
ingly difficult — suggesting that indirect policies are essential. Emerging research
results suggest that there are general policies related to the institutional structure of
schools that can promote significantly higher achievement. Institutional elements —
involving choice and competition, decentralization and school autonomy, perfor-
mance pay and outcome accountability — positively alter the incentives in schools

and, according to existing research, promote higher achievement.

2. CONCEPTUAL FRAMEWORK

Economists have considered the process of economic growth for much of the last
100 years, but most studies remained as theory with little empirical work. Over the
past two decades, economists linked analysis much more closely to empirical observa-
tions and in the process rediscovered the importance of growth. Our analysis, mirror-
ing much of the recent empirical work, concentrates on the role of human capital.

Prior theoretical and empirical work has pursued a variety of specifications of the
underlying growth process (see the reviews in Hanushek and Woessmann, 2008,
2010a). Nonetheless, the restricted variation of experiences across countries plus
general data limitations have made it difficult to distinguish among the competing
models of growth — and such is the case here.

We model a country’s growth rate as a function of the skills of workers and other
factors that include initial levels of income and technology, economic institutions
and other systematic factors. Skills are frequently referred to simply as the workers’
human capital stock.

growth = oy human capital + ogother factors + € (1)

This formulation suggests that nations with more human capital tend to continue to
make greater productivity gains than nations with less human capital, although we

consider the possibility that the induced growth in productivity disappears over

time.”

? In terms of the major theoretical distinctions, our formulations combine key clements of the competing models. The fact
that the rate of technological change and productivity improvement is directly related to the stock of human capital of the
nation makes it an endogenous growth model. At the same time, by including the initial level of income among the control
variables, our model does allow for conditional convergence, a leading feature of the ‘augmented neoclassical’ approach, the
commonly suggested alternative view.
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The empirical macroeconomic literature focusing on cross-country differences in
economic growth has overwhelmingly employed measures related to school attain-
ment, or years of schooling, to test the human capital aspects of growth models. It
has tended to find a significant positive association between quantitative measures
of schooling and economic growth. To give an idea of the robustness of this associ-
ation, an extensive empirical analysis by Sala-i-Martin et al. (2004) of 67 explana-
tory variables in growth regressions on a sample of 88 countries found that primary
schooling was the most robust influence factor (after an East Asian dummy) on
growth in GDP per capita in 1960-96.

Nevertheless, we believe that these formulations introduce substantial bias into
the estimation. Average years of schooling is a particularly incomplete and poten-
tially misleading measure of education for comparing the impacts of human capital
on the economies of different countries. It implicitly assumes that a year of school-
ing delivers the same increase in knowledge and skills regardless of the education
system. For example, a year of schooling in South Africa is assumed to create the
same increase in productive human capital as a year of schooling in Korea. Addi-
tionally, formulations relying on this measure assume that formal schooling is the
primary (sole) source of education and that variations in non-school factors have
negligible effects on education outcomes and skills. This neglect of cross-country
differences in the quality of education and in the strength of family, health and
other influences is probably the major drawback of such a quantitative measure of
schooling.

To see this, consider a standard version of an education production function as
employed in a very extensive literature (for a review see Hanushek, 2002), where

skills are expressed as a function of a range of factors:

human capital = B, family inputs + Py schooling inputs
+ Bgindividual ability + B, other factors + v (2)

In general, human capital combines school attainment and quality with other rele-
vant factors including education in the family, labour market experience, health,
and so forth.

Thus, while school attainment has been convenient in empirical work because of
its ready availability across countries, its use ignores differences in school quality in
addition to other important determinants of people’s skills. A more satisfying alter-
native is to incorporate variations in cognitive skills, which can be determined by
results of international assessments of mathematics, science and reading achieve-
ment, as a direct measure of the human capital input into empirical analyses of
economic growth. The focus on cognitive skills has a number of potential advanta-
ges. First, it captures variations in the knowledge and ability that schools strive to
produce and thus relates the putative outputs of schooling to subsequent economic
success. Second, by emphasizing total outcomes of education, it incorporates skills



434 ERIC A. HANUSHEK AND LUDGER WOESSMANN

from any source — families, schools and ability. Third, by allowing for differences in
performance among students with differing quality of schooling (but possibly the
same quantity of schooling), it opens the investigation of the importance of different
policies designed to affect the quality aspects of schools. Fourth, it is practical
because of the extensive development of consistent and reliable cross-country assess-
ments.

Our analysis relies on the measures of cognitive skills developed in Hanushek
and Woessmann (2009). Between 1964 and 2003, twelve different international
tests of maths, science or reading were administered to a voluntarily participating
group of countries (for a review see Hanushek and Woessmann, 2011). These
include 36 different possible scores for year-age-test combinations (e.g., science for
students of grade 8 in 1972 as part of the First International Science Study or
math of 15-year-olds in 2000 as a part of the Programme on International Student
Assessment). The assessments are designed to identify a common set of expected
skills, which are then tested in the local language. Each test is newly constructed,
until recently with no effort to link to any of the other tests. Hanushek and Woess-
mann (2009) describe the construction of consistent measures at the national level
across countries through empirical calibration of the different tests. By transform-
ing the means and variances of the original country scores (partly based on exter-
nal longitudinal test score information available for the United States), cach is
placed into a common distribution of outcomes. Each age group and subject is
normalized to the PISA standard of mean 500 and individual standard deviation
of 100 across OECD countries, and then all available test scores are aggregated to
the country level.

We interpret the test scores as an index of the human capital of the populations
(and workforce) of each country. This interpretation of our averages over different
cohorts is reasonable if a country’s scores have been stable across time, implying
that estimates from the current school-aged population provide an estimate of the
older working population. If scores (and skills) change over time, some measure-
ment error is clearly introduced. Scores have in fact changed some (Hanushek and
Woessmann, 2009), but within our period of observations it still appears that the
differences in levels dominate any intertemporal score changes. Nonetheless, any
measurement error in this case will tend to bias downward the estimates of the
impact of cognitive skills on growth, so that our estimates of economic implications
will be conservative.

The data on GDP per capita and its growth for our analyses come from the
Penn World Tables (Heston et al., 2002). Quantitative educational attainment data
are taken from the latest version of the Barro and Lee (2010) database (data version
1.0, 3/10, accessed on May 17, 2010). Additional measures of specific control
variables will be discussed in the relevant sections below.

Table 1 provides basic descriptive statistics on the combined measure of educa-

tional performance and the underlying economic data. We have already discussed
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the wide variation in growth rates across OECD countries. What is also clear from
Table 1 is that both school attainment and test scores vary widely, suggesting
directly that any impact of these human capital measures on growth differences
should be easily detected.

3. BASIC GROWTH MODELS FOR OECD COUNTRIES

Our cross-country regressions follow a growing literature which, over the past ten
years, demonstrates that consideration of cognitive skills dramatically alters the
assessment of the role of education and knowledge in economic development. Ana-
lyzing growth in 1960-90 for a sample of 31 countries with available data (including
18 OECD countries), Hanushek and Kimko (2000) first showed a statistically and
economically significant positive relationship between cognitive skills and economic
growth. This relationship has been subsequently confirmed in a range of studies with
different focuses (for a complete review see Hanushek and Woessmann, 2008, 2011).
Most recently, Hanushek and Woessmann (2009) extend the empirical analysis to
incorporate 50 countries that have participated in one or more international testing
occasions between 1964 and 2003 and have aggregate economic data for the period
1960-2000. We use that database for our analysis focused on OECD countries.

As a starting point for our analyses, we replicate the basic analysis, only replacing
the extended version of the Cohen and Soto (2007) data on years of schooling by
the newly available latest version of the Barro and Lee (2010) database on years of
schooling. Our sample contains the 24 OECD countries with available data. From
the total of 30 OECD countries, the sample misses four countries — the Czech
Republic, Hungary, Poland and the Slovak Republic — because their communist
history prevents them from having internationally comparable economic data
during the period of analysis. In addition, Germany drops out because of missing
economic and test score data for the Eastern parts before 1990, and Luxembourg is
left out as a small country with a population of less than one million, as is common
practice (see Mankiw et al., 1992).

Table 2 presents the basic results on the association between educational out-
comes and long-run economic growth in the sample of OECD countries. The
inclusion of initial GDP per capita in all specifications simply reflects the fact that it
is easier to grow when one is farther from the technology frontier, because one just
must imitate others rather than invent new things.

When the cognitive-skill data are ignored (column 1), years of schooling in 1960
are significantly associated with average annual growth rates in real GDP per capita
in 1960-2000. However, once our test-score measure of human capital is included,
we see that cognitive skills are highly significant while years of schooling becomes
statistically insignificant and drops to close to zero. Furthermore, the OECD-sample
growth variance explained by the model increases from 56% to 83% when measur-

ing human capital by cognitive skills rather than years of schooling. Note that in the
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OLECD sample, the bivariate association with initial per-capita GDP already
accounts for 49% of the variance in subsequent growth, making the relative increase
in understanding non-convergent growth through cognitive skills substantial.

The estimated coefficient on cognitive skills implies that an increase of one
standard deviation in educational achievement (i.e., 100 test-score points on the
PISA scale) yields an average annual growth rate over 40 years that is 1.86 per-
centage points higher. This historical experience suggests a very powerful
response to improvements in educational outcomes, particularly when compared
to the average 2.2% annual growth within the OECD over the past two dec-
ades.

Figure 2 depicts the fundamental association graphically, plotting growth in real
per-capita GDP between 1960 and 2000 against average test scores after allowing
for differences in initial GDP per capita and average years of schooling. With the
slight exceptions of New Zealand (below the regression line) and the United States
(above) — to which we return below — the OECD countries align closely along the
regression line that depicts the positive association between cognitive skills and eco-
nomic growth.

Column 3 of Table 2 reports the same model excluding years of schooling, whose
effect could not be significantly differentiated from zero. The point estimate on cog-
nitive skills, as well as the adjusted R?, increases slightly in this reduced model.

Columns 4 and 5 break down the analysis into the 20-year sub-periods of
1960-80 and 1980-2000. The positive association of growth with cognitive skills is

KOR

Conditional growth

, , .
450 500 550
Conditional test score
Figure 2. Educational performance and economic growth across OECD countries

Notes: Added-variable plot of a regression of the average annual rate of growth (in percent) of real GDP per
capita in 1960-2000 on the initial level of real GDP per capita in 1960, average test scores on international
student achievement tests, and average years of schooling in 1960 (mean of the unconditional variables added
to each axis).

Source: Authors’ depiction based on the regression analysis reported in column 2 of Table 2.
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clearly visible in both sub-periods, with the point estimate slightly larger in the later
period.

To reduce concerns of reverse causality between economic growth and quantita-
tive schooling investments, the basic model uses school attainment in 1960 before
the growth period, but combines that with average test scores over the entire per-
iod. However, the results are hardly affected by using average years of attainment
across the period (column 6).

Because of the limited sample size, we want to ensure that results are not driven by
individual outliers. Column 7 excludes Mexico and Turkey, two countries at the bot-
tom of the sample of OECD countries today in terms of measures of GDP per capita,
socioeconomic background, and educational spending. While the point estimate on
cognitive skills is slightly reduced, the association remains strong and statistically
highly significant. The same is true when excluding Korea (column 8), a country with
extraordinary conditional test scores and growth experience (see Figure 2).

The final columns provide tests for differences in the education-growth nexus
between OECD and non-OECD countries. The sample now is the full sample of
50 countries with data on test scores and growth. In the model without cognitive
skills (column 9), the significant association between years of schooling and growth
does not differ significantly between OECD and non-OECD countries. However,
the OECD dummy is marginally significant at the 10% level and positive, indicat-
ing a remaining growth advantage of OECD countries unexplained by the model.
But once cognitive skills are included in column 10, neither the OECD dummy nor
its interaction with cognitive skills are statistically significant, indicating that the

OECD countries actually fit well within the rest of the world on this association.

4. CAN INSTITUTIONS EXPLAIN DIFFERENCES IN RICH-COUNTRY GROWTH?

Most economists believe that fundamental economic institutions such as clear prop-
erty rights and openness to international trade are important for a well-functioning
economy, and by implication for economic growth, a position strongly supported in
the review by Acemoglu et al. (2005). But, because these factors are embedded in
most OECD economies, attention to institutions has also moved to regulations and
restrictions in labour, capital and product markets. We investigate both areas and

find little reason to believe that either affects long-run growth of OECD countries.

4.1. Property-rights and free-trade institutions

Two measures have been most consistently found in past growth analyses to be
associated with growth and income differences in global country samples. The first
1s a measure of security of property rights — an index of the protection against
expropriation risk, averaged over 1985-95, from Political Risk Services, a private

company which assesses the risk that investments will be expropriated in different
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countries. The second is the measure of openness proposed by Sachs and Warner
(1995, 1997) that reflects the fraction of years between 1960 and 1998 that a
country is classified as having an economy open to international trade, based on
five factors including tariffs, quotas, exchange rate controls, export controls, and
whether or not a socialist economy.

Without considering cognitive skills, protection against expropriation is signifi-
cantly associated with economic growth across the OECD countries between 1960
and 2000 (column 1 of Table 3). However, when cognitive skills are included in the
model, the coefficient on the institutional variable drops substantially in size and
becomes statistically insignificant, whereas the coefficient on cognitive skills remains
highly significant and close to our previous models without institutional controls

(column 2).

Table 3. Economic institutions versus educational outcomes in OECD-country
long-run growth models

OECD sample Full country sample
(1) 2) 3) ) ©)
Clognitive skills 1.527 1.388 1.265 1.266
(3.39) (3.05) (4.76) (4.96)
Initial years of schooling 0.135 0.058 0.067 0.067 0.047
(2.11) (1.01) (1.18) (1.02) (0.74)
Initial GDP per capita -0.381 —-0.328 —-0.322 —-0.373 -0.304
(7.83) (7.75) (7.64) (8.10) (5.63)
Protection against expropriation 0.729 0.224 0.081 0.332 0.492
(3.95) (1.06) (0.36) (2.36) (3.25)
Openness 0.750 0.485 0.645
(1.56) (1.34) (1.83)
OECD 2.589
(1.26)
OECD X Protection against —-0.372
expropriation (1.54)
No. of countries 24 24 23 48 48
F (Protection and Openness) 1.77 6.17
F (OECD and interaction) 2.76
R (adj.) 0.740 0.830 0.841 0.789 0.806

Notes: Dependent variable: average annual growth rate in GDP per capita, 1960-2000. Regressions include a
constant. ¢statistics in parentheses. ‘Protection against expropriation’ is scaled from 0 to 10, with higher val-
ues corresponding to higher security of property rights. ‘Openness’ is scaled as a fraction of years that a coun-
try is classified as having an economy open to international trade.

Source: Authors’ calculations based on data in Heston e/ al. (2002), Barro and Lee (2010), Hanushek and
Woessmann (2009), Acemoglu et al. (2001), and an updated version of Sachs and Warner (1995).

* This result supports the view expressed in Glaeser ef al. (2004) that human capital may be the more basic source of growth
than institutions. Acemoglu e/ al. (2001) base their identification of institutional effects on the development of instruments
derived from historical colonization patterns. An underlying argument is that colonists could bring with them a set of funda-
mental institutions that can be useful in explaining current institutions. Glaeser e/ al. (2004) argue that the colonists not only
brought knowledge of institutions but also human capital — and that the human capital might be more fundamental to the
growth process.
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Conceptually, it is an open question whether any connection between human
capital and institutions stems from human capital causing better institutions or the
opposite. But at least within the group of OECD countries, that part of institutional
variation that is not related to cognitive skills is not related to long-run growth,
whereas that part of skill variation that is not related to institutions remains a
strong predictor of long-run growth.

Column 3 adds the measure of openness to the model. Property-rights security
and openness to trade are individually and jointly insignificant in predicting long-run
OECD growth, whereas cognitive skills remain strongly significant.” Again, the insig-
nificance in the institutional measures does not mean that institutions are unimpor-
tant for long-run growth. Rather, they point to the fact that the OECD countries
share broadly similar institutions, so that this kind of institutional variation is unlikely
to account for much of the substantial variation in long-run growth in this rich-
country sample. Most OECD countries are coded as open throughout the period of
observation. The exceptions are Mexico, New Zealand and Turkey that had sub-
stantial periods of being more closed, but the differences between the openness of
these and the remainder of the OECD explain little of OECD growth differences.

The fundamental result is seen in the final two columns that are based on the full
sample of 50 countries with available data. Property-rights and free-trade institu-
tions help us understand long-run growth differences between rich and poor coun-
tries (column 4), but they do not contribute to our understanding of long-run
growth differences within the group of rich countries (column 5). By contrast, the
significant effect of cognitive skills on long-run growth in the OECD sample is

robust to the inclusion of the institutional measures.

4.2. Regulation of product and labour markets

A substantial literature stresses the importance of how OECD countries regulate
their product and labour markets. IFor example, Nicoletti and Scarpetta (2003)
show that short-run growth experiences across OECD countries are related to
product market regulations, and Cingano et al. (2010) find that employment protec-
tion legislation is associated with firm-level investment and other firm outcomes
across sectors and across firms with different financial constraints.

But, do these factors enter into the long-run growth experiences of countries?
Product market regulations affecting sectoral productivity may lead to structural
change and international specialization, thereby reducing any net effects on aggre-
gate growth rates. Similarly, differences in employment protection legislation may
lead to differential growth experiences in booms versus recessions that cancel out
over the business cycle.

" In the larger sample of worldwide experiences, there are indications that good institutions complement high cognitive skills,
but identifying such interactions within the OECD sample is impossible (see Hanushek and Woessmann, 2008).
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To investigate the long-run growth implications, we add a rich set of regulatory
measures to our growth models. Specifically, we employ the latest versions of
far-ranging indicators of regulations of both product and labour markets: product
market regulations (PMR) from Wolfl et al. (2009), who update previous versions
since Nicoletti et al. (2000); and employment protection legislation (EPL) from Venn
(2009), who updates previous versions since OECD (1999).”

The results are unambiguous and telling: not a single of the large battery of mea-
sures that depict product and labour market regulations comes close to being signif-
icantly related to the variation in long-run growth experiences across OECD
countries (Table 4). At the same time, regulatory practices do not affect the result
that educational outcomes are a powerful predictor of long-run growth differences
among OECD countries.

The first six columns of Table 4 employ aggregate and sub-indicators of product
market regulation, and extensive robustness checks confirm the basic result (see
details in Hanushek and Woessmann, 2010b). For example, the results hold for all
underlying sub-indices, including indicators of public ownership, involvement in
business operations, regulatory and administrative opacity, administrative burdens
on start-ups, barriers to competition, and explicit and other barriers to trade and
investment. The available indicators of product market regulation refer to 1998, the
first year for which they are available. While earlier measures would be preferable,
these should still capture the most basic overall patterns, under the assumption that
main institutional variation is in the cross-section. Further, results are unaffected by
using the available indicators for 2003 or 2008 instead, or by taking the average
over the three observations, indicating that lack of results is not driven by simple
measurement error. Iinally, to align the regulatory measures more closely with the
period of growth observations, we performed all regressions for growth between
1980 and 2000 without affecting the results.

The final five columns of Table 4 focus on labour market regulation. Columns 7
and 8 add the two versions of the aggregate employment protection index suggested
by the OECD to the model. The first version combines regulations of regular
employment contracts and of temporary contracts, and the second version adds
sub-indices of additional regulation of collective dismissal to this. Neither measure
enters the model significantly or affects the estimate on cognitive skills. The same is
true when using separately the three sub-indicators of protection of permanent
workers against (individual) dismissal, strictness of regulation on temporary forms of
employment, and specific requirements for collective dismissal (columns 9-11).

The indicators of employment regulation are measured as averages of the annual
values between 1985 and 2000. Results are similar when the growth period is
restricted to 1980-2000, which aligns more closely to the period of observation of the

® For details on the measures of product market regulation and employment protection, see www.oced.org/eco/pmr and
www.oecd.org/employment/protection, respectively.
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regulatory measures (not shown). Results are also robust to the new, third version of
the aggregate OECD employment protection index, available only in 2008, which
adds the maximum time to make a claim of unfair dismissal, authorization and report-
ing requirements for temporary work agencies, and regulations requiring equal treat-
ment of regular and agency workers at the user firm as three new sub-indicators.

The robustness checks (further detailed in Hanushek and Woessmann, 2010b)
consistently document no convincing evidence that institutional or regulatory differ-
ences can account for differences in long-run growth among rich countries. Instead,
cognitive skills emerge as the one strong policy factor underlying growth differences
in the OECD.

5. DIFFERENT LEVELS OF SKILLS AND EDUCATION

An important and recurring policy question is which level of skills and education is
most decisive for OECD growth. We analyze several dimensions of this: whether
returns to average skills differ across countries; whether basic skills are more or less
important than top skills; and whether there is a specific role of tertiary attainment.

5.1. Differential returns to average skills

First, the graphical plot of Figure 2 suggests that there is no obvious non-lincarity
in the test-score growth association across OECD countries. Thus, a squared test-
score term does not enter the model significantly, and an exponential test-score
specification does not improve the fit of the model (not shown).

Second, there is no obvious difference in the effect of average test scores between
countries with initially low versus high income. While the small sample size does
not allow for extensive interaction models, an interaction of test scores with an indi-
cator for above-median initial GDP per capita does not enter the model signifi-
cantly (not shown).

Third, from quantile regression estimates in 5% steps of the effect of average test
scores for percentiles of the growth distribution, it is evident that the effect is
relatively constant across the whole distribution of growth residuals (see details in
Hanushek and Woessmann, 2010b). In fact, all quantile regression point estimates

fall within standard confidence intervals around the OLS estimate.

5.2. Basic versus top skills

A leading policy question refers to effects of different ranges of the skill distribution.
Should developed countries focus, in an egalitarian way, on decent basic skills for the
whole population or, in an elitist way, on nurturing top scientists and engineers?

At a conceptual level, Vandenbussche et al. (2006) assume that the innovation

process is more intensive in high-skill labour than the imitation process. They
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then present an endogenous growth model with innovation and imitation where
high-skill labour has a greater growth-enhancing effect for countries closer to the
technological frontier and countries further from the technological frontier get
greater value from what they call ‘unskilled human capital’. While the untested
underlying assumption seems reasonable, there are also reasonable arguments to be
made for an opposite view: The innovation literature suggests many innovations
emerge from lucky coincidences, while almost by definition purposeful imitation
processes require skilled scientists.

A different conceptual extension starts from the perspective of a high-skilled
scientist. If this scientist were to work in a country that produces at the technological
frontier, his only option would be to use his skill in the innovation of new technologies.
If, by contrast, he were to work in a country that produces far below the technological
frontier, he would still have the option to employ his skills in such innovative activities,
but he would also have the additional option of employing his skills in imitating the
more productive technologies at the technological frontier. This scientist will tend to
work in the activity that promises the higher benefits, implying that the return to high-
skill labour may well be larger when below the technological frontier than at it. While
concentrations of high-skilled labour and spillovers across them may still be important,
the alternative perspectives do introduce questions about the underlying assumptions.

We revisit these issues with two analyses. Here we define skills in terms of being
at the top or bottom of the distribution of cognitive skills. In the next section, we
follow Vandenbussche et al. (2006) and conceptualize the difference between high-
and low-skill labour as school attainment at the tertiary versus non-tertiary level.

We start by replicating Hanushek and Woessmann (2009) who incorporate both
the share of students who reach a basic skill level (a score of at least 400 on the
tests) and the share of students who reach top-level skills (at least 600) in a growth
regression of the full 50-country sample of OECD and non-OECD countries
(column 1 of Table 5).° Both skill dimensions enter the model significantly, but the
point estimate on the top-skill dimension is substantially higher. A 10 percentage
point increase in the basic-skill share 1s associated with 0.3 percentage points higher
annual growth; a 10 percentage point increase in the top-skill share is associated
with 1.3 percentage points higher annual growth. Note that this does not necessar-
ily provide an estimate of the relative importance of the two skill dimensions, as it
may be much more feasible to increase the basic share than to increase the top
share by the same amount. This might be suggested by the fact that the interna-
tional standard deviation of the basic skill percentage is about four times as large as
that of the top-skill level. It might also suggest that further improvements for coun-
tries already at the top of the distribution — say Finland, Korea and Japan — might

® These scores are one standard deviation below and above the OECD mean, respectively. The OECD also identifies five
levels of skills on each of its tests (see, for example, OECD, 2007). The 400 falls in the range of level 1 while the 600 falls in

the range of level 5.
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Table 5. Basic versus high-level skills

Sample: Full OECD  Full Full OECD Full Full OECD  Full
(1) 2) (3) 4 () (6) 7) @) )
Share of students 2.644 4.434 2.146  4.674 5.272 4.549

reaching (3.51) (3.52)  (2.58) (6.71) (5.65) (5.54)
basic literacy
Share of 12.602 3.234 16.536 18.904 10.933 21.499
top-performing (4.35)  (0.99)  (4.90) (7.45) (3.61)  (7.19)
students
Initial years 0.066 0.035  0.070 0.129 0.039 0.131 0.116 0.086  0.122
of schooling 0.87) (0.60)  (0.94) (1.49) (0.68) (1.47) (1.40) (1.23)  (1.53)
Initial GDP —-0.305 -0.305 -0.317 —-0.326 -0.314 —-0.340 -0.297 -0.275 -0.314
per capita (6.43) (8.24)  (5.63) (5.85) (8.71) (5.05) (5.62) (6.09)  (5.32)
OECD —-0.659 0.150 1.018
(0.44) (0.10) (2.17)
OECD X basic 2.074 0.024
literacy (0.94) (0.01)
OECD x —13.422 -10.733
top-performing (2.08) (2.11)
No. of countries 50 24 50 50 24 50 50 24 50
F (OECD and 1.62 0.10 2.66
interaction)
R (adj.) 0.724 0.822  0.73¢ 0.616 0.822 0.600 0.655 0.720  0.679

Notes: Dependent variable: average annual growth rate in GDP per capita, 1960-2000. Regressions include a
constant. f-statistics in parentheses.

Source: Authors’ calculations based on data in Heston et al. (2002), Barro and Lee (2010), and Hanushek and
Woessmann (2009).

be more difficult than improvement in countries lower down in the distribution.
Existing variations in advanced performance do nonetheless suggest the feasibility
of improvement (Hanushek et al., 2010).

When estimating the same model on the OECD sample, though, the point esti-
mate on the top-skill share is only a fourth of the one estimated in the full-country
sample and loses statistical significance (column 2). By contrast, the point estimate on
the basic-skill share is slightly larger than in the full-country sample, and remains
highly significant. The specification of column 3 shows that the difference in the esti-
mate on the top-skill share between OECD and non-OECD countries is statistically
significant. Of course, the measures of the two skill dimensions are highly collinear
(their correlation is 0.73 in the full sample and 0.70 in the OECD sample), limiting
precision in the joint specification. Results in columns 4-9, however, reveal that the
pattern of results is similar when entering one of the two measures at a time.

5.3. Non-tertiary versus tertiary schooling

Vandenbussche et al. (2006) suggest that countries close to the technological frontier
should emphasize tertiary education. To investigate this, we make use of the Barro
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and Lee (2010) database which provides average years of schooling separately at
the primary, secondary and tertiary level. With little meaningful variation in the
completion of primary education across the bulk of OECD countries, we combine
the two basic levels of schooling into one category of non-tertiary schooling.

In the full-country sample, the coefficients on non-tertiary and tertiary schooling
are both close to zero when cognitive skills are controlled for (column 1 of Table 6).
By contrast, in the OECD sample, the point estimate on years of tertiary schooling
becomes larger (column 2), and reaches marginal significance (at the 10% level)
when years of non-tertiary schooling are not included in the model (column 3).
However, results in column 4 indicate that this is completely driven by the United
States. Once the United States is excluded, the coefficient on tertiary education is
much smaller and again insignificant. The United States is well known for its exten-
sive tertiary education system, and Figure 2 already indicated that the United States
has the strongest positive residual in the growth model. While this might be an
indication of growth-enhancing effects of its high-quality higher-education system,
the lack of robustness in the sample without the United States suggests that it might
rather be an indication of the high-skilled immigrant population that it attracts, of
a particular set of economic institutions (not captured by our institutional mea-
sures), or of any other idiosyncrasy of the US economy. Moreover, once measures
of cognitive skills are added (columns 5-7), tertiary education is insignificant even
in the sample that includes the United States.

Table 6. Non-tertiary versus tertiary schooling

OECD OECD
Sample: Full OECD OECD w/oUSA OECD OECD w/o USA
O 2 ®) (4) ) ©6) 7)
Clognitive skills 1.923 1.888 1.912 2.043
9.12) (6.09) (6.83) (8.14)
Share of students 5.458
reaching basic (7.13)
literacy
Share of 11.597 12.855
top-performing (3.93) (4.44)
students
Years of non-tertiary 0.076 0.012
schooling (0.94) (0.059)
Years of tertiary 0.198 1.291 1.344 0.543 1.685 1.014 0.149
schooling (0.16) (1.58) (1.77) (0.74) (2.31) (0.96) (0.13)
Initial GDP per -0.325 -0.323  -0.320 -0.323 -0.344 -0.264  -0.263
capita (6.81) (8.85) (9.78) (11.22) (10.53) (6.08) (6.37)
No. of countries 50 24 24 23 24 24 23
R? (adj.) 0.728 0.839 0.847 0.886 0.856 0.712 0.750

Notes: Dependent variable: average annual growth rate in GDP per capita, 1960-2000. Regressions include a
constant. f~statistics in parentheses.

Source: Authors’ calculations based on data in Heston ef al. (2002), Barro and Lee (2010), and Hanushek and
Woessmann (2009).
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While distinguishing the effects of different dimensions of the skill and schooling
distribution 1s difficult in these small samples, some basic patterns prove clear. First,
the significant effect of cognitive skills is extremely robust to consideration of any
quantitative measure of different levels of school attainment. Second, the finding of
Vandenbussche et al. (2006) of a particular effect of tertiary attainment in rich
countries is not robust once the focus is on long-run growth experiences and educa-
tional outcome measures are taken into account. Of course, this does not mean that
learning beyond the secondary level does not matter. Rather, in the spirit of a life-
cycle interpretation where early skills facilitate the development of subsequent skills
(Cunha et al., 2006), it means that outcome measures of learning in school are a
good predictor for the accumulation of further skills in life and for the capacity to
deploy these skills effectively.

6. CALCULATING THE ECONOMIC VALUE OF EDUCATION REFORMS

The results indicate that educational outcomes have strong effects on long-run eco-
nomic growth of OECD countries but do not tell us directly the economic value of
any improvements in educational outcomes. In particular, the growth rate effects
do not map linearly into the economic value of any education reform in a country,
not least because different time lags are involved between successful reform in the
education system today and the improvement of skills in the national workforce.
Here, we perform simulation analyses that use the previous estimates to project the
economic impact of different scenarios of school improvements in the OECD
member states.

We consider three specific reform scenarios that reflect plausible policy goals.
First, improving average student performance by 1/4 standard deviation, or 25
PISA points, in each country; second, bringing all OECD countries up to the
level of the PISA top performer, Finland; and third, bringing all students in
OECD countries to minimum proficiency, defined as 400 points on the PISA test
scale.

6.1. Issues of causation

Of course, considerable controversy surrounds cross-country growth regressions and
any causal interpretation of them (see, for example, Levine and Renelt, 1992; Bils
and Klenow, 2000). An obvious concern is that countries that grow faster have the
resources to invest in schools so that growth could cause higher scores. We implic-
itly address this below when we find a lack of relationship across countries in the
amount spent on schools and the observed test scores.

In other work, we have considered a series of analyses aimed at eliminating
many of the other natural concerns about the identification of the causal impacts of
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cognitive skills (Hanushek and Woessmann, 2009).” Each of the analyses points to
the plausibility of a causal interpretation of the basic models. In addition, in specifi-
cations with country and industry fixed effects, Ciccone and Papaioannou (2009)
find that countries with a more skilled labour force (using the Hanushek and
Kimko, 2000, test measures) experienced faster growth in skill-intensive industries
during the 1980s and 1990s. This cross-sector analysis reinforces the other causality
discussions as it tends to rule out bias from omitted cultural effects which should be
uniform across sectors. Nonetheless, with the limited international variations, it is
difficult to demonstrate identification conclusively. Therefore, below we consider a
variety of sensitivity analyses designed to show the impact on outcomes when part
of the estimated effects is non-causal.

One final issue related to causation is important. Because we consider economic
outcomes far into the future, the precise form of the underlying growth model poten-
tially makes a noticeable difference. We begin with what is commonly referred to as
an ‘endogenous growth’ model where improved skills yield a permanently higher
growth rate. We subsequently consider a ‘neoclassical growth’ model where skills
affect the level of income but effects on growth are transitory and the economy returns
to its previous long-run growth rate. Our previously estimated models actually support
analysis of this range of underlying models, and applying the alternatives gives
another idea of the bounds on future economic effects from school improvement.

6.2. The projection model

The economic projections involve several components. First, we calculate the time
path of the annual growth rate engendered by education reform designed to move
students from their current performance to a given new level. This pattern of eco-
nomic outcomes represents the confluence of three separate dynamic processes: (1)
Changes in schools lead to the progressive improvement in student achievement until
students fully reach the new steady-state level of achievement; (2) students with better
skills move into the labour force and the average skills of workers increase as new,
higher achieving workers replace retiring workers; and (3) the economy responds to
the progressive improvement of the average skill level of the workforce. Second,

based on the pattern of predicted growth rates, we model the future expansion of

7 To rule out simple reverse causation, Hanushek and Woessmann (2009) separate the timing of the analysis by estimating
the effect of scores on tests conducted until the early 1980s on economic growth in 1980-2000, finding an even larger effect.
Three further direct tests of causality devised to rule out certain alternative explanations based on unobserved country-specific
cultures and institutions confirm the results. The first one considers the earnings of immigrants to the United States and finds
that the international test scores for their home country significantly explain US earnings but only for those educated in their
home country and not for those educated in the United States. A second analysis takes out level considerations and shows
that changes in test scores over time are systematically related to changes in growth rates over time. A third causality analysis
uses institutional features of school systems as instrumental variables for test performance, thereby employing only that part
of the variation in test outcomes emanating from such country differences as use of central exams, decentralized decision
making, and the share of privately operated schools. These results support a causal interpretation and also suggest that
schooling can be a policy instrument contributing to economic outcomes.
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GDP with and without the education reform. Third, based on these projections, we
calculate the total value of the reform by aggregating the discounted values of the
annual differences between the GDP with reform and the GDP without reform.

6.2.1. Framework for baseline projections. Implementing the projection model
requires a number of parameter assumptions and simplifications, most of which are
subsequently subjected to a sensitivity analysis.

The simulation does not adopt any specific reform package but instead focuses
just on the ultimate change in achievement. For the purposes here, reforms are
assumed to take 20 years to complete, and the path of increased achievement dur-
ing the reform period is taken as linear. For example, an average improvement of
25 points on PISA is assumed to reflect a gain in the student population of 1.25
points per year. This might be realistic, for example, when the reform relies upon a
process of upgrading the skills of teachers — either by training for existing teachers
or by changing the workforce through replacement of existing teachers. This linear
path dictates the quality of new cohorts of workers at each point in time.

The expected work life is assumed to be 40 years, which implies that each new
cohort of workers is 2.5% of the workforce. Thus, even after an educational reform is
fully implemented, it takes 40 years until the full labour force is at the new skill level.

The benchmark here considers all economic returns that arise during the lifetime
of a child that is born at the beginning of the reform in 2010. According to the
most recent data (that refer to 2006), a simple average of male and female life
expectancy at birth over all OECD countries is 79 years (OECD, 2009b).® There-
fore, the baseline calculations take a time horizon until 2090, considering all future
returns that accrue until then, but neglecting any returns that accrue after 2090.

The simulations rely on the estimates of growth relationships derived from the
24 OECD countries with complete data. As indicated in column 2 of Table 2, the
coeflicient estimate is 1.864, suggesting, for example, that a 50 point higher average
PISA score (i.e., one-half standard deviation higher) would be associated with
0.93% higher annual growth in the long run in the endogenous growth projections.

The value of improvement in economic outcomes from added growth also
depends, of course, on the path of economies that would be obtained without educa-
tional improvement. The baseline analysis here takes the annual growth of OECD
economies in the absence of education reform to be 1.5%. This is simply the average
annual growth rate of potential GDP per worker of the OECD area over the past
two decades: 1.5% in 1987-96 and 1.4% in 1997-2006 (OECD, 2009a).

Finally, more immediate benefits are both more valuable and more certain than
those far in the future. In order to incorporate this, the entire stream is converted

 Note that these life expectancy numbers are based on age-specific mortality rates prevalent in 2006, and as such do not
include the effect of any future decline in age-specific mortality rates. Life expectancy at birth has increased by an average of
more than 10 years since 1960.
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into a present discounted value. In simplest terms, the present discounted value is
the current dollar amount that would be equivalent to the future stream of returns
calculated from the growth model. Specifically, if that amount of funds was invested
today, it would be possible to reproduce the projected stream of economic growth
benefits from the principal amount and associated investment returns. Thus, this
calculation of present discounted value allows a relevant comparison for any other
current policy actions.

In doing so, the discount rate at which to adjust future benefits becomes an
important parameter. A standard value of the social discount rate used in long-term
projections on the sustainability of pension systems and public finance is 3% (e.g.,
Bérsch-Supan, 2000; Hagist ¢t al., 2005), a precedent that is followed here.” By con-
trast, the influential Stern Review report that estimates the cost of climate change
uses a discount rate of only 1.4%, thereby giving a much higher value to future
costs and benefits (Stern, 2007). In our robustness analyses, we will also consider
such alternative discount rates.

A number of untested assumptions go into our projections. Iirst, they assume
that skills play the same role in the future as they have in the past, so that the evi-
dence of past results provides a direct way to project the future. Second, while the
statistical analysis did not look at how economies adjust to improved skills, the cal-
culations assume that the experience of other countries with greater cognitive skills
provide the relevant insight into how the new skills will be absorbed into the econ-
omy. Third, the projection of simultaneous improvement across countries presumes
that all countries can grow faster without detracting from (or benefiting) growth in
other countries. In other words, the higher levels of human capital in each country
allow it to innovate, to improve its production, and to import new technologies
without detracting from the growth prospects for other countries.'’ Further, the
estimates ignore any other aspects of interactions such as migration of skilled labour
across borders. (Of course, one way that a country could improve its human capital
would be by arranging for its youth to obtain schooling in another country with
better schools — as long as the more educated youth return to their home country
to work). Fourth, all countries are assumed to have a stationary population with a
constant age distribution. Fifth, the projections are the gross benefits of reform,

and they equal net benefits only if we assume reform is costless — an assumption

Y Asa practical value for the social discount rate in cost-benefit analysis (derived from an optimal growth rate model), Moore
et al. (2004) suggest using a time-declining scale of discount rates for intergenerational projects that do not crowd out private
investment, starting with 3.5% for years 0-50, 2.5% for years 50-100, 1.5% for years 100-200, 0.5% for years 200300, and
0% years over 300. (The proper starting value is actually 3.3% based on the parameter values they assume for the growth
rate in per capita consumption (2.3%), the social marginal utility of consumption with respect to per capita consumption (1),
and the utility discount rate (1%)).

'% Rather than being negative, spillovers of one country’s human capital investments on other countries could also be posi-
tive. For example, if one country pushes out the world technological frontier by improving its human capital, other countries
can gain from this by imitation and reach a higher productivity level. No attempt is made to consider how technological
change occurs and the impact on wages and earnings. Obviously, different patterns of productivity improvements will play
out differently in the labour market as seen in the United States over time (Goldin and Katz, 2008).
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discussed explicitly in Section 7.4 below. Finally, all calculations are in real (infla-
tion-adjusted) terms — 2010 dollars under purchasing power parity.

6.2.2. The phases of reform. The cconomic impact of the reform varies across
four phases that are defined by the average quality of the labour force.

(a) Phase 1 (2010-2030): During the 20 years of the education reform programme,
the additional growth in GDP per capita due to the reform in year #is given by:

1 t—2010
+

Al = growth coefficient «+ APISA working 1if * %0

Al*l (3)

where the growth coefficient comes from the regression estimations presented in the
previous sections and APISA is the increase in the average PISA test score due
to the reform. The working life term indicates that each cohort of new, higher
achieving students is only a fraction of the total labour force.

Phase 2 (2031-2050): The education reform is now fully enacted, and achieve-
ment of all subsequent students remains at the new level. But for the length of

C

a work life from the start of reform, which in the baseline simulations is
assumed to last 40 years, there are still workers with initial levels of skills that
are being replaced in retirement by higher achieving workers. During this
phase, the additional growth in GDP per capita in year ¢ due to the reform is
given by:

1
A" = growth coefficient * APISA * working 1§ +A! (4)
(c) Phase 3 (2051-2070): During this phase, the first 20 labour-market cohorts —
which only partially profited from the education reform — are replaced by

cohorts that profited from the fully enacted education reform:

1
A" = growth coefficient x APISA x ————— — (A" — A1) £ A" (5
growth coefficient * * working 1ife ( )—|— (5)
(d) Phase 4 (after 2070): Finally, the whole workforce has gone through the reformed
education system. The annual growth rate is now increased by the constant
long-run growth effect A:

A = growth coefficient * APISA (6)

6.2.3. The level of GDP with and without reform. Without reform, the economy
grows at the constant growth rate of potential GDP:
GDP! = GDP!} % (1 + potential growth) (7)

no reform no reform
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With reform, the annual growth rate is additionally increased by the growth effect
A"

GDP,,,,, = GDP..\ (1 + polential growth + A") (8)

reform reform

In the neoclassical specification, an additional term ensures that the growth rate is
negatively affected by the (log) level of GDP reached in the previous period. As a
consequence, the annual growth rate without and with reform will converge to the

same rate of potential growth in the long run.

6.2.4. Cumulative effects of the reform. The total value of any reform is given by
the sum of the discounted values of the annual differences between the GDP with
reform and the GDP without reform:

Total value of the reform =

1=2090
Z (GDPftefom - GDP,, quorm) « (14 discount rate) "~2"1%  (9)
1=2010

In the baseline scenario, the eighty year time horizon over which future returns will be
considered is the lifetime of a child born at the beginning of the reform, which takes the
projections to the year 2090.

6.3. Baseline reform projections

We start with the results of the baseline projection model in an endogenous-growth

framework for the three education reform scenarios.

6.3.1. Scenario I: Increase average performance by 25 PISA points. A sim-
ple starting point is to consider the economic impact on OECD countries of a 0.25
standard deviation improvement, equivalent to a 25 point increase on PISA scores.
The reform policy is begun in 2010 and on average yields 25 point higher scores in
2030 that remain permanently at that level for all subsequent students.'' The goal
of having all OECD countries boost their average PISA scores by 25 points over
the next 20 years is less than the most rapidly improving education system in the
OECD, Poland, achieved between 2000 and 2006 alone (Organization for Eco-

' All calculations of PISA scores underlying the following simulations refer to the average performance in maths and science
(in line with the underlying growth model), averaged over the three PISA cycles 2000, 2003, and 2006 (see, e.g., OECD,
2007). All underlying measures of gross domestic product (GDP) are in US dollars, measured in purchasing power parities
(PPP), expressed in prices of 2010. The GDP measures were calculated from the most recent measure of GDP in current
prices and current PPPs available for all countries (2007, extracted from http://stats.oecd.org on 10 August 2009), projected
to 2010 using OECD estimates of annual changes in potential GDP and in GDP deflators (Organization for Economic Co-
operation and Development, 2009a).
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nomic Co-operation and Development, 2007). Such achievement change was also
observed in three German states — Saxony, Brandenburg and Saxony-
Anhalt — over the same period (PISA-Konsortium Deutschland, 2008). And, over a
longer period more like the 20 years of the scenario, both Finland and Canada
appear to have showed score growth of this magnitude (Hanushek and Woessmann,
2009). Thus, there is clear support that improvement is possible (see also Mourshed
et al., 2010).

A policy like this is uniform across countries, so the relative improvement is the
same for all countries.'” Figure 3 provides a summary of the marginal impact on
GDP for each year into the future. While there are no impacts initially until
higher-achieving students start becoming more significant in the labour market,
GDP will be more than 3% higher than what would be expected without improve-
ments in human capital as early as 2041. (The figure also shows a 95% confidence

60% -
50% -
40% -
30% -

20% A

Percent addition to annual GDP

10% A

0% T T T T T T T T T T T T T T T T T T T T
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110
Year

Figure 3. Improvement in annual GDP with Scenario I (increase everyone by
s std. dev.)

Notes: GDP with reform relative to GDP without reform in each year after the reform starts. Main line: point
estimate of Scenario I. Thin lines: 95% confidence interval of the point estimate of the growth regression.

Source: Authors’ calculations.

'2 Note that the calculations also assume that the top ranked countries can feasibly improve their scores. The relatively flat
performance of countries such as Japan and Korea that have been at the top for a number of years raises the question about
whether there is room for further improvement or whether there is some sort of ceiling effect in the existing tests. As an alter-
native, the next scenario will only assume improvements that do not go beyond the current top performer.
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bound of 1.9-4.1% higher GDP, based on the relevant 95% confidence bounds for
the regression coefficient in column 2 of Table 2). By the end of expected life in
2090 for the person born in 2010, GDP per capita would be expected to be over
26% above the ‘education as usual’ level.

The magnitude of such a change is best understood with an example. In the
absence of changes in educational policy, France would be expected to have a
GDP (in 2010 US dollars) of $3,606 billion in 2041. If on the other hand it
achieved the improvement in cognitive skills that took it from an average PISA
score of 505 to 330, total GDP would be expected to be $3,715 in 2041, or $108
billion higher. These calculations illustrate a simple point: While 3% may at first
seem like a small change, it is a very large number when applied to the entire
GDP of any of the OECD countries.

These calculations are by themselves misleading, because the impacts of
improved cognitive skills continue to occur far into the future. The 3.0% improve-
ment in 2041 rises to a 5.9% improvement in 2050, 15.3% in 2070, and 26.3% in
2090. These dynamic improvements in the economy yield ongoing gains to society,
and the appropriate summary of the impact of educational improvements accumu-
lates the value of these annual gains.

Importantly, after all people in the labour force have obtained the new and
improved education (in 2070), annual growth will be 0.47 percentage points higher.
This implies that each country that achieves the average improvement of "4 stan-
dard deviation of achievement will have a cumulative impact on the economy
through 2090 that is equal to 288% of current year GDP. The first column of
Table 7 provides these discounted values of all of the future increases through 2090
for each OECD country. The dollar value for each country varies by the level of
GDP in 2010 — but the total impact across the OECD is §123 trillion in present
value.

Because these are put into present value terms, they can be compared to current
economic values. For example, these calculations indicate that the wvalue of
improvements through long-run growth far outstrips the cost of the recent world-
wide recession and are an order of magnitude larger than the worldwide fiscal stim-
ulus efforts.

6.3.2. Scenario II: Bring each country to Finland average level (of 546
PISA points). The success of Finland on the PISA tests is well known. In the second
scenario, the performance of Finnish students is taken as a benchmark for the per-
formance levels that are possible. The economic impact calculated is found from
projecting the impact on growth for each OECD country under the assumption
that it could bring itself in twenty years to the top of the rankings as identified by

Finland — an average PISA score of 546.
The impact on different economies varies by the size of reform (in addition

to the size of the economy itself). Finland, for example, under this scenario would
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neither change its schools nor see any long-term economic changes. On the other
side, Mexico and Turkey would require enormous changes in their educational
achievement, and, if the changes were feasible, would see their economies completely
transformed. As discussed above, there is experience with school improvements of 25
or more points (including Finland itself), but there are no cases matching
these extremes.

Columns 2-5 of Table 7 present the country-by-country impacts of these
changes. On average, the OECD countries would see a nearly 50 point increase in
performance (one-half standard deviation). While the change in Japan or Korea
amounts to about 5 points, the change in Mexico is 144 points — an almost incon-
ceivable change given current knowledge of how to transform schools or cognitive
skills in general. (Again, the calculations assume that adjustment is complete within
20 years. An alternative view would be that a number of countries would actually
require longer for a reform programme to yield such large changes. We model the
implications in the robustness analyses below.)

The present value for OECD improvements under this scenario is $275 trillion,
or more than six times the current GDP of the OECD countries. The United
States itself, which currently falls over 50 points behind Finland, would by historical
growth patterns see a present value of improved GDP of over $112 trillion, or some
40% of the OECD total — reflecting both the size of the country and its distance
behind Finland. Germany would see a $17 trillion improvement, or more than five
times current GDP.
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Figure 4. Present value of Scenario II (bring each country to Finnish level) in
percent of current GDP

Notes: Discounted value of future increases in GDP until 2090 due to a reform that brings each country to
the Finnish average level of 546 PISA points, expressed as a percentage of current GDP. Value is 2389% for
Mexico and 1844% for Turkey.

Source: Authors’ depiction based on the projection analysis reported in column 3 of Table 7.
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The rankings of countries according to increases compared to current GDP are
shown in Figure 4. One interpretation of this figure is the amount of economic
leverage from educational improvements that is possible for different OECD

countries.

6.3.3. Scenario III: Bring everyone up to minimum skill level of 400 PISA

points. The final scenario considered is a ‘compensatory’ improvement in education
where all students are brought up to a minimal skill level — which is defined here
as obtaining a score of 400 on the PISA tests, or one standard deviation below the
OECD average. While the previous simulations could be thought of as displaying
the results of shifting the entire achievement distribution, this scenario considers the
implications of bringing up the bottom of the distribution.

In order to understand the implications of changing just one portion of the achieve-
ment distribution, we employ the alternative estimation of the underlying growth
models of column 2 of Table 5. Specifically, instead of relying on just average cogni-
tive skills in the growth models, the proportion of the population with scores less than
400 and the proportion with scores over 600 are included in the growth models.

For these calculations, all OECD countries including Finland have room for
improvement. On average, 18% of students in the OECD countries score below
400. As might be expected from the average scores, the required improvements are
largest in Mexico and Turkey (see column 9 of Table 7).

Columns 6-8 of Table 7 display the economic outcomes according to historical
growth patterns of bringing all OECD students up to minimum competence levels.
The overall OECD change would be an average annual growth rate that was 0.8%
higher after reform was accomplished and after the full labour force had received
the improved education. The total improvements for the OECD countries from
achieving universal minimum proficiency would have a present value of $226 tril-
lion. Again, there is a wide range of outcomes including relatively small improve-
ments of 219% of current GDP for Canada as compared to nine OECD countries
that would experience a benefit more than five times their current GDP.

The range of outcomes is depicted in Figure 5, which ranks countries by the
benefits compared to current GDP. Even Iinland could by these calculations more
than double its current GDP by bringing the relatively modest proportion of low
performers (4.7%) up to scores of 400. Note also that the effects of these policies on
the separate countries differ from the previous scenario, reflecting the differences in
the underlying distribution of student performance.

6.4. An alternative neoclassical growth framework

The projections so far assume that higher educational achievement allows a country
to keep on growing at a higher rate in the long run. Such a specification captures

the basic ideas of endogenous growth theory, where a better-educated workforce
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Figure 5. Present value of Scenario III (bring everyone up to minimum skills)
in percentage of current GDP

Notes: Discounted value of future increases in GDP until 2090 due to a reform that brings every individual in
the country up to a minimum skill level of 400 PISA points, expressed as a percentage of current GDP. Value
is 1794% for Mexico and 1430% for Turkey.

Source: Authors’ depiction based on the projection analysis reported in column 7 of Table 7.

leads to a larger stream of new ideas that produces technological progress at a
higher rate. By contrast, in the augmented neoclassical growth model, changes in
test scores lead to higher steady-state levels of income but do not affect the long-
run growth path. Our empirical growth model captures the conditional conver-
gence implied by the neoclassical model — but also by a set of endogenous growth
models — through including the initial GDP level as a control variable. An alterna-
tive approach for the projections is thus to interpret the model in the neoclassical
rather than endogenous-growth framework and have educational reforms affect the
steady-state level of income but not its long-run growth.

To do so, we re-estimate our growth model with the logarithmic (rather than
linear) per-capita GDP as control. The test-score coefficient hardly changes in this
specification (1.718 rather than 1.864), and the coefficient on log initial income is
—1.835. This matches standard parameter assumptions in the augmented neoclassi-
cal growth model (Mankiw ¢t al., 1992), implying an economy moves halfway to its
steady state in about 38 years. With convergence, projections of growth rates with
and without education reform will differ only during the transition to the new
balanced growth path.

To characterize growth of the world technological frontier, we assume that a
GDP-weighted average growth in the three countries with the largest shares of pat-
ents in the world — the United States, Japan and Germany — is 1.5% per year with-
out reform. Together, the three countries currently account for over 70% of
worldwide patents (measured in triadic patent families, OECD, 2008).
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Table 8 shows the results of the projections based on the neoclassical model
specification. In reform Scenario I, where each country increases by 25 PISA
points, the value of the reform — the discounted value of the future increases in
GDP — amounts to $90 trillion in present value terms compared to our previous
projection of $123 trillion. In the neoclassical projections, the value of this ‘uniform’
reform differs across countries, because the projected growth rates vary with the
level of GDP, but the overall OECD effect still equals 211% of current OECD
GDP.

To illustrate the specific dynamics of the neoclassical projections, it is worth dis-
cussing a few details of the trajectories of the projection. Initial growth rates (with
or without reform) in 2010-11 differ across countries, depending on how far away
they are from their steady state. The United States is projected to grow at 1.1%
initially, whereas the simple mean of OECD-country growth rates is higher at
1.9% due to many countries’ room for catch-up.'® Due to the convergence process,
average OECD-country growth is down to 1.6% in 2090 without the reform, rang-
ing from 1.0-1.8% across countries. With reform, the range is 1.2-2.0%, with an
average of 1.7%. By 2104, the average is down to 1.5%, and by 2130, all countries’
growth rates have converged to between 1.3% and 1.6% without the reform and to
1.4-1.7% with reform.

In the neoclassical projections, the difference in average growth rates between
the scenarios with and without reform grows to a maximum of 0.28 percentage
points in about 2060 and then declines back to 0.18 percentage points in 2090 and
0.06 percentage points in 2150. (Compare this to the endogenous growth model
where the long-run growth rate stays 0.47 percentage points higher starting in
2070.) While the difference ultimately converges to zero (everywhere below 0.004
percentage points by 2300), the model underscores that this convergence process
takes very long to take full effect.

In reform Scenario II, where each country improves to the test-score level of
Finland, the present value of the reform amounts to $180 trillion in the neoclassical
model, compared to the previous $275 trillion in the endogenous growth model.
Note that this scenario implies that in the very long run, each country converges to
the same steady-state level of per-capita GDP, as test scores are the only variable
influencing the steady-state level in our model. However, in 2090 the per-capita
GDP of the most advanced country would still be 70.6% higher than that of the
least advanced country. By 2150, this difference would be down to 19.7%, and by
2300 to 1.2%.

¥ Based on our model which depicts only effects of test scores and evolving levels of income, Luxembourg and Norway —
the two countries with the highest current levels of GDP per capita — are projected to converge to a lower balanced growth
path (both without and with reform) and thus initially have the lowest growth rates. If these countries can keep their current
advantage in per capita GDP relative to the other OECD countries in the future for reasons outside our model, this would
increase the projected value of the educational reform in these countries.
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The present value of reform Scenario III, which brings all students to a mini-
mum level of 400 PISA points, is §187 trillion in the neoclassical projections, rather
than the $226 trillion of the endogenous-growth type projections.'*

Longer time horizons imply larger differences between the two growth models.
The final four columns of Table 8 report the present value calculated with the esti-
mated neoclassical version for reform Scenario II with time horizons varying
between 2050 and 2150, respectively. Compared to the endogenous-growth projec-
tions evaluated over the same time horizons (discussed in Table 9 below), the
neoclassical projection is 81% of the endogenous-growth projection value for a time
horizon through 2050, 65% through 2090, and 44% through 2150.

Several factors contribute to the closeness of the estimates over our time period
for the two different growth models. First, our reform scenarios gradually introduce
changes, reflecting the lags for the policy to become fully effective and for the new,
better-educated workers to change the average skills of the labour force. Second,
the biggest impacts of the differences across the alternative models occur in the dis-
tant future, and thus the impact is lessened by discounting to obtain present values
and by disregarding any returns that might accrue after 2090. Third, even ignoring
discounting, the estimated convergence parameters imply very long periods before
any country returns to its balanced growth path following a perturbation because
of policy.

6.5. Sensitivity to alternative parameter choices

The prior estimates come for specific parametric choices. It is useful to consider the
sensitivity of the projections to key choices. We do this for our baseline endoge-
nous-growth-type model specification under Scenario II that brings each country to
the Finnish level of PISA scores. In the baseline specification, the total value of the
reform in the OECD amounts to $275 trillion, or 645% of the current GDP of
OECD countries.

6.5.1. Growth parameter. The baseline model, based on column 2 of Table 2,
projects 1.86% of additional average annual growth for a one standard deviation
increase in test scores. The first four columns of Table 9 perform the projections
for the lowest and highest estimated parameters for cognitive skills in the different
specifications of Table 2 — that is, 1.398 and 1.968, respectively. This leads to an
estimate of the total discounted value of the education reform for the OECD of
$196 trillion and $295 trillion, respectively (or 459% and 690%, respectively, of
current GDP).

" In the underlying growth regression that controls for log per-capita GDP, the coefficient on the proportion of the popula-
tion with scores higher than 400 is 6.478 and the coefficient on log initial income is —2.107 (both significant at the 1% level).
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An alternative way to account for the imprecision of the growth coeflicient esti-
mate is to use the lower and upper bounds of the 95% confidence interval around
the baseline growth coefficient. These parameter bounds imply the net present
value of the education reform is between $164 trillion and $406 trillion (columns
5-8 of Table 9).

6.5.2. Time horizon. As suggested by Figure 3, the time horizon for benefit calcu-
lations is clearly important. Columns 912 of Table 9 report the net present value
to which the reform results aggregate for time horizons to the years 2050
and 2150, respectively. As already indicated by Figure 3, this clearly makes a huge
difference. While we have implicitly emphasized how important it is to adopt a
long-term horizon when considering education reform, even by 2050 the present
value of the reform already accumulates to $36 trillion, or 85% of the current
GDP of the OECD countries. By contrast, when adopting a time horizon until
2150, the (appropriately discounted) value of the reform sums to a staggering $948
trillion, or more than 20 times the current GDP.

6.5.3. Speed of reform. The bascline scenarios assume that it takes 20 years for
the education reform to be fully implemented. The first four columns of Table 10
alternatively assume reform durations of 10 and 30 years, respectively. The faster
reform implementation leads to an increase of the reform value to $341 trillion,
whereas the reform value is ‘only’ $223 trillion if the reform takes 30 years to
implement. Thus, while faster reform efforts obviously lead to substantially higher
returns, even a slow (but successful) reform, if begun today, would have an enor-

mous impact.

6.5.4. Working life. Columns 5 and 6 of Table 10 report results under the assump-
tion that the average working life is 35 years, rather than 40 years, which appears
to be a more reasonable estimate for many OECD countries. A shorter working life
means that the replacement of the workforce with better-educated individuals com-
pletes faster, so that the aggregate value of the education reform increases. Assum-
ing a 35-year work life yields a projection estimate of $304 trillion for the total

value of the education reform.

6.5.5. Discount rate. The rate at which future returns are discounted obviously
makes a substantial difference for the net present value of reform. Thus, rather
than using the common-practice 3% discount rate of the baseline model, columns
7-10 of Table 10 instead use discount rates of 2.5% and 3.5%, respectively. The
resulting discounted present values of the projected returns are $369 trillion and
$207 trillion, respectively. For a larger band of discount rate of 2% to 4%, the total
discounted reform value would be $497 trillion and $157 trillion, respectively (not

shown). However, other projections of long-run effects, in the area of climate
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change, have used much lower rates at which to discount the future. In particular,
although highly disputed, the influential Stern (2007) Review places a much higher
value on future costs and benefits by employing a discount rate of only 1.4% (see,
e.g., Nordhaus, 2007; Tol and Yohe, 2006). That report also assumes a slightly
lower rate of potential growth of 1.3% (rather than 1.5% as in our other models),
which we use in our next estimate. Note that what is ultimately relevant for the
projections is the difference between discount rate and rate of potential growth,
yielding an effective discount rate of 0.1% in this scenario. If we were to adopt the
discounting practice of the Stern report, the present value of the education reform
would sum to a staggering $636 trillion, or roughly 15 times the current GDP, by
2090 (final columns of Table 10).

7. POLICIES TO IMPROVE EDUCATIONAL ACHIEVEMENT

The previous discussion has stressed the immense long-term benefits of cognitive
skills for economic growth. Table 11 summarizes the baseline projections normal-
ized against the discounted value of the projected future OECD GDP over the
same time span (until 2090). The value of the reform amounts to 4.3-13.8% of the
present value of future GDP. Independent of whether the underlying economic
model 1s specified in endogenous-growth or neoclassical terms, improved
educational achievement is projected to have a large impact on future economic
well-being of OECD countries.

Yet simply knowing that skill differences are important does not provide a guide

to policies that might promote more skills. Indeed, a wide variety of policies have

Table 11. Summary of projection results

Scenario 1I:

Bring each Scenario I1I:
Scenario I: country to Bring all to
Increase avg. Finnish level minimum of
performance of 546 points 400 points
by "4 std. dev. on PISA on PISA
(1) 2) 3)
‘Endogenous-growth’ specification
in $billion 123,108 275,429 226,333
in % of discounted future GDP 6.2 13.8 11.3
‘Neoclassical’ specification
in $billion 90,031 179,655 187,191
in % of discounted future GDP 4.3 8.5 8.9

Notes: Discounted value of future increases in OECD GDP until 2090, expressed in billion dollars (PPP) and
as a percentage of discounted value of all annual projected OECD GDPs until 2090.

Source: Authors’ calculations.
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been implemented within various countries without much evidence of success in
cither achievement or economic terms. We believe that the disappointing results of
the past generally reflect pursuing policies for which there is little empirical support.

Substantial research has gone into understanding why achievement differs across
students and across countries. While controversies have existed about the interpre-
tation of various individual pieces of evidence, considerable agreement now exists
about what kinds of approaches are unreliable avenues for change. There is per-
haps less agreement on the precise approaches that might be followed, but even
here there is a growing consensus about the general sets of policies that have shown
promise based on more credible research approaches.

The work on achievement determinants generally falls under the heading ‘educa-
tion production functions’. The extensive work has taken a variety of perspectives
and approaches. The general objective is to sort out the causal impacts of school
factors (things that can potentially be manipulated through policy) from other influ-
ences on achievement including family background, peers, neighborhood influences,

and the like (which are less readily amenable to policy change).

7.1. Evidence on school resources

The most extensive generally available evidence relates to the effects of resources.
Many policies undertaken involve substantial flows of resources — direct spending,
changes in teacher salaries, reductions in class size, and the like — made within
the context of current school organization. The empirical evidence clearly docu-
ments the difficulties with such policies. Simply providing more resources gives,
according to the available evidence, little assurance that student performance will
improve significantly. The underlying analyses of resources include studies within
individual countries and across different countries and have been extensively
reviewed elsewhere (see Hanushek, 2003; Woessmann, 2007a; Hanushek and
Woessmann, 2011).

The easiest way to see the situation is a simple cross-country picture. Figure 6
plots the descriptive association between educational expenditure per student and
educational outcomes from the PISA 2006 study. Ignoring Mexico and Turkey
where cumulative expenditure per student (over the age range of 6 to 15 years) is
less than $20,000, there is no association between educational spending and
educational outcomes across OECD countries. Of course, many more factors such
as students’ family backgrounds enter the determination of educational outcomes.

The simplest way of addressing bias from unobserved time-invariant country fac-
tors is to ignore level differences and restrict the analysis to changes in expenditure
and outcomes over time. From combining maths scores from PISA 2000, 2003,
and 2006, it is possible to estimate a country-level regression based on either first
differences or country fixed effects. Either approach yields an association between

expenditure per student and educational outcomes that is not close to statistical
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Figure 6. Educational spending and student achievement across countries

Notes: The figure plots the average maths achievement in PISA 2006 against cumulative expenditure on edu-
cational institutions per student between age 6 and 15, in US dollars, converted by purchasing power parities.
Gray line: regression line for full sample. Black line: regression line for countries with expenditure above

$20,000.

Source: Authors’ depiction based on Organization for Economic Co-operation and Development (2007).

significance at conventional levels and actually negative (see Hanushek and Woess-
mann, 2010b).

For policy deliberations, information on the impact of resources from within
individual countries has accumulated and is perhaps more appropriate than cross-
country information. This work underscores the importance of including non-school
factors by demonstrating that family differences are very important in explaining
variations in achievement across students. It also yields consistent results on school
resources.

The general picture about school resources in developed countries is now well
known and has been reviewed in a variety of places (see Woessmann, 2005a for
Europe and Hanushek, 2002, 2003 for the United States). The available studies
concentrate on various common school inputs such as teacher experience or class
size that are readily available in data sets and frequently identified as the focus of
policy. The available econometric evidence now includes hundreds of separate
estimates within the United States and other developed countries. Quite uniformly,
there 1is little strong evidence that any of the following factors has a consistent
impact on achievement: the level of teacher education, the pupil-teacher ratio,
characteristics of administration, or facilities of the school. Specifically, aggregating
results across studies, a minority of estimates are statistically different from zero (at
the 5% level), and the studies do not even uniformly indicate improvements in
performance with increased resources (see Hanushek, 2007; Woessmann, 2007a).
A second line of studies focuses on financial inputs. A number of studies simply
relate spending per student to achievement or capture teacher differences by
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teacher salaries. While these studies tend to be lower quality, they also fail to show
a consistent relationship between financial resources and achievement.

These results have been controversial (see, e.g., Burtless, 1996; Greenwald et al.,
1996; Hanushek, 1996). But the current consensus is that policies beyond simple
increases in resources are essential. A simplistic view of the results — convenient as
a straw man in public debates — is that ‘money never matters’. The research of
course does not say that. Nor does it say that ‘money cannot matter’. It simply
underscores the fact that there has historically been a set of decisions and incentives
in schools that have blunted any impacts of added funds, leading to inconsistent
outcomes. More spending on schools has not led reliably to substantially better

results.

7.2. Teacher quality

The most current research on school inputs and achievement has also led to
another set of conclusions — that teacher quality is enormously important in deter-
mining student achievement. This work has concentrated on whether some teachers
consistently produce more gains in student achievement than other teachers.
(See, for example, Hanushek, 1971, 1992; Rockoft, 2004; Rivkin et al., 2005; and a
number of subsequent studies reviewed in Hanushek and Rivkin, 2010.) Working
with extensive panel data on individual students from different US states, these
studies have confirmed large differences among teachers in terms of outcomes in
the classroom.

But, they have also shown that the observed differences are not closely related
to commonly observed characteristics of teachers (such as amount of teacher
education). Some attributes of teachers — such as having one or two years of experi-
ence — have explained part of the differences in teacher quality, but these factors
are a small part of the overall variance in teacher results. This inability to identify
specific teacher qualities makes it difficult to regulate or legislate having high-quality
teachers in classrooms. It also contributes to our conclusion below that changes in
the institutional structure and incentives of schools are fundamental to improving
school outcomes.

7.3. Institutional structures and incentives in the school system

Existing evidence suggests some clear general policies related to institutional struc-
ture of schools that are important. Foremost among these, the performance of a
system 1s affected by the incentives that actors face. That is, if the actors in the
education process are rewarded (extrinsically or intrinsically) for producing better
student achievement, and if they are penalized for not producing high achievement,
achievement is likely to improve. The incentives to produce high-quality education,

in turn, are created by the institutions of the education system — the rules and
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regulations that explicitly or implicitly set rewards and penalties for the people
involved in the education process.

From existing work, three interrelated policies come to the forefront: promoting
more competition, so that parental demand will create strong incentives to individ-
ual schools; autonomy in local decision making, so that individual schools and their
leaders will take actions to promote student achievement; and an accountability

system that identifies good school performance and leads to rewards based on this.

7.3.1. Choice and competition. Choice and competition through school vouchers
were proposed a half century ago by Milton Friedman (1962). The simple idea is
that parents, interested in the schooling outcomes of their children, will seek out
productive schools, yielding demand-side pressure that creates incentives for each
school to produce effective education and to ensure high-quality staff in addition to
a good curriculum.

In many school systems (with the Netherlands being the most obvious example),
privately managed schools (with public funding) provide alternatives for students.
These schools, which also often have a religious affiliation, are part of the natural
institutional framework. Unfortunately, little thorough evaluation has been done of
these choice possibilities, in large part because there is no obvious comparison
group (i.e., choice is instituted for an entire country and there is no example of the
no-choice alternative). In a cross-country comparison, students in countries with a
larger share of privately managed schools perform better on average (cf. Woess-
mann, 2007b, 2009; Woessmann ¢t al., 2009), and recent evidence corroborates the
conclusion that this is due to a causal effect of private-sector competition (West and
Woessmann, 2010).

In the United States there are limited examples of private school choice, ranging
from the publicly funded school vouchers in Milwaukee, Cleveland and Washington
DC, to privately financed voucher alternatives. The evaluations of these generally
show that the choice schools do at least as well as the regular public schools, if not
better (see Rouse, 1998; Howell and Peterson, 2002; Wolf et al., 2010).

In Europe, Bradley and Taylor (2002) and Levaci¢ (2004) find similar positive
effects of school competition on the performance of English schools. Sandstrom and
Bergstrom (2005) and Bjorklund et al., (2004) provide evidence on significant posi-
tive effects of competition from privately operated schools on the performance of
public schools in Sweden. Filer and Miinich (2003) show that the introduction of a
voucher-type system in the Czech Republic led to the creation of private schools in
areas where public schools are doing badly and that the public schools facing

private competition improved their performance.

7.3.2. Autonomy and decentralization. Several institutional features of a school
system can be grouped under the heading of autonomy or decentralization, includ-

ing fiscal decentralization, local decision making on different matters, and parental
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involvement. Almost any system of improved incentives for schools depends upon
having school personnel in individual schools and districts heavily involved in deci-
sion making. It is difficult to compile evidence on the impact of autonomy, because
the degree of local decision making is most generally a decision for a country (or
state) as a whole, leaving no comparison group within countries. Across countries,
students tend to perform better in schools that have autonomy in personnel and
day-to-day decisions (Woessmann, 2003, 2007b; Woessmann et al., 2009), in partic-
ular when there is accountability (see also the review in Hanushek and Woessmann,
2011).

The US states have varying amounts of local autonomy. One systematic form of
school autonomy is ‘charter schools’, which are public schools that are allowed to
perform quite autonomously. (Note that these are actually hybrids of choice schools
and public-school autonomy, because they survive only if sufficient numbers of stu-
dents attend them.) These schools are relatively new, a fact that complicates evalua-
tion since many are still in the start-up phase. The evidence on them is mixed but
indicates a variety of places where charter schools outperform the regular public
schools after the initial start-up phase. But it also suggests in part that the regula-
tions governing them and the particular competitive public schools they face have

. 15
an influence.

7.3.3. School accountability. Many countries around the world have been moving
toward increased accountability of local schools for student performance. The Uni-
ted Kingdom has developed an elaborate system of ‘league tables’ designed to give
parents full information about the performance of local schools. The United States
has legislated a federal law (‘No Child Left Behind’) that all states must have an
accountability system that meets certain general guidelines. It also sets into law a
series of actions required when a school fails to bring all students up to proficiency
in core subjects.

Evidence on the impacts of these systems has begun to accumulate. While there
1s some uncertainty given the newness of the overall federal accountability system
(introduced in 2002), the best US evidence indicates that strong state accountability
systems in fact lead to better student performance (Carnoy and Loeb, 2002; Hanu-
shek and Raymond, 2005; Jacob, 2005; Dee and Jacob, 2009).

One institutional set-up that combines accountability with parental choice are
systems that give students in schools that repeatedly do badly on the accountability

> A number of studies have based the analysis on student fixed cffects, relying on students moving in and out of charter
schools to identify the impact of charters (Booker et al., 2007; Bifulco and Ladd, 2006; Hanushek et al., 2007). These studies
have generally pointed to a range of quality for charter schools but highlight start-up problems. Another set of studies consid-
ers charter schools that have more demand than open positions, requiring schools to choose their students by lottery (Hoxby
and Murarka, 2009; Abdulkadiroglu et al., 2009). Finally, matching methods have been used to compare public and private
school performance, leading to the conclusion that there is wide variation in the quality of charter schools compared to the
relevant public schools (CREDO, 2009, 2010).
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test a voucher to attend private schools. In Florida, the threat of becoming subject
to private-school choice if failing on the test has been shown to increase school per-
formance particularly for disadvantaged students (West and Peterson, 2006; Figlio
and Rouse, 2006).

Curriculum-based external exit exams are another means to introduce some form
of accountability into the school system. They provide performance information
which can hold both students and schools accountable. Students in countries with
external exit exam systems tend to systematically outperform students in countries
without such systems (Bishop, 1997, 2006; Woessmann, 2001, 2003, 2007b; Woess-
mann ¢ al., 2009). In Canada and Germany, the two national education systems
where the existence of external exams varies across regions, students similarly
perform better in regions with external exams (Bishop, 1997; Jirges et al., 2005;
Woessmann, 2010).

It 1s difficult to imagine choice or autonomy working well without a good system
of student testing and accountability. Thus, the ideas about institutional structure
are closely linked together. The international evidence clearly suggests that school
autonomy, in particular local autonomy over teacher salaries and course content, is
only effective in school systems that have external exams (Woessmann, 2005b,
2007b; Fuchs and Woessmann, 2007; Woessmann et al., 2009). For example, school
autonomy over teacher salaries is negatively associated with student achievement in
systems without external exams, but positively in external-exam systems.

Finally, given the importance of high teacher quality, a promising candidate for
improvement is the specific form of accountability that aims incentives directly at
teachers. While convincing evidence on the effects of performance-related teacher
pay is scarce, the more rigorous studies in terms of empirical identification tend to
find a positive relationship between financial teacher incentives and student out-
comes (cf. the surveys in Atkinson et al., 2009 and Podgursky and Springer, 2007).
Thus, Atkinson et al. (2009) find that the introduction of performance-related pay
had a substantial positive impact on student achievement in England. Dolton and
Marcenaro-Gutierrez (2011), using a panel of countries, provide evidence that
aggregate changes in salaries over time lead to higher student performance. At the
school level, monetary incentives for teachers based on their students’ performance
have been shown to improve student learning very significantly in Israel and in
India (Lavy, 2002, 2009; Muralidharan and Sundararaman, 2009).

Most evaluations of performance pay systems nonetheless focus on whether exist-
ing teachers change their behavior — what is referred to as the ‘effort’ margin.
There are many reasons to believe, however, that the attraction of new teachers
and the retention of the more effective teachers — the ‘selection’ margin — are more
important. (Indeed, in addressing what contributes to outcomes in the best perform-
ing countries, Barber and Mourshed (2007) emphasize both initial recruitment of
teachers and the development of institutions to move ineffective teachers out of the

classroom.) The importance of pay for selection is difficult to analyse because it
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generally involves considering longer-run incentives that are often at the aggregate
level. For this, cross-country variation provides some indication that students
perform better in countries that allow for teacher salaries to be adjusted based on
performance in teaching (Woessmann, 2011).

7.4. The cost of reform

The projections provide the gross returns to improved schools, but these should be
offset by the costs needed to obtain the achievement gains. Unfortunately, the costs
are not easy to estimate. At one level, the costs of the institutional changes sug-
gested previously appear mainly to be transition costs — expenses needed in training
people (including parents) in new systems, developing testing and monitoring sys-
tems, covering short-run duplicate expenditures with the introduction of new
schools and potential semi-fixed costs of old schools, and so forth.

Yet, it is also very possible that recruiting and retaining better teachers will
involve higher salaries and added expenses. This would almost certainly be the case
if more emphasis is placed on active retention policies that make teaching a more
risky occupation. Further, the previous institutional changes may be insufficient
without the addition of other programmes that entail added costs.

While it is difficult to estimate these costs directly, some reasonable bounds might
be inferred from current spending. In 2007, spending on primary and secondary
schools in the OECD ranged from 2.5% of GDP (Slovak Republic) to 5.1% of
GDP (Iceland) with an average of 3.6% (OECD, 2010). Total spending including
tertiary schooling averaged 5.7% in the OECD. Of the primary and secondary
school expenditures, about 60% goes to teacher compensation, implying that a
50% increase in all teacher salaries — or equivalently doubling the salaries of half of
the teachers — would amount to slightly over 1% of GDP.

It is useful to put this discussion into the context of the benefits indicated in
Table 11. The benefits of a 25-point improvement in PISA scores average 4.3% of
GDP in the conservative neoclassical estimates — implying that the very dramatic
policies of paying all teachers 50% more would cost less than one-quarter of the
projected benefits if this policy led to a 25-pont improvement. It 1s important to empha-
size the latter point, because many nations of the world have put in place large
spending increases with significant teacher pay increases without getting the student
achievement gains. In other words, this benefit-cost calculation only holds if the
new policies reach the achievement goals.

That having been said, it is important to note that the most significant costs may
be political costs. The projections show clearly that the economic gains come only
after a lengthy time involving the reform of schools and the introduction of notice-
able proportions of higher skilled workers into the labour force. This disjointed nat-
ure of costs and benefits is not unusual in many public programmes, but it is more
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extreme, because the benefits come only after a majority of current politicians have
left office.

This mismatch may not be decisive. First, politicians in many countries already
campaign on the possibility of improving schools. While current campaigning is
often for failed programmes — increases in spending or reductions in class size that
have not proved successful — it seems possible to redirect these efforts to more pro-
ductive areas. Second, in matters such as climate change, politicians have actively
engaged in long-run activities that are even more mismatched in terms of timing of

costs and benefits.

8. CONCLUSIONS

It 1s generally the case that national attention to economic policies that deal with
current aggregate demand conditions and with business cycles invariably take prior-
ity over longer-run policy considerations. Perhaps this has never been as true as
today, when the most obvious focus of attention is the fiscal turmoil from the
worldwide recession. The message of this paper is, however, that considering issues
of longer-run economic growth may be much more important for the welfare of
nations. Nobel Laureate Robert Lucas, in his presidential address to the American
Economic Association, concluded that “Taking US performance over the past
50 years as a benchmark, the potential for welfare gains from better long-run, sup-
ply-side policies exceeds by far the potential from further improvements in short-
run demand management’ (Lucas, 2003).

Our results show that education policy is closely associated with the long-run
growth potentials of OECD countries. The regression analyses suggest that direct
measures of educational outcomes, in terms of cognitive skills on international
achievement tests, emerge as the one strong policy factor underlying growth differ-
ences across OECD countries. By contrast, a long battery of institutional and regu-
latory measures does not add to an explanation of the substantial differences in
long-run growth rates that exist across OECD countries, mainly because all OECD
countries share a common set of basic institutional structures that ensure a general
functioning of market economies. Considering different skill dimensions, basic skills
are robustly related to OECD-country growth, whereas the relation of the top-skill
dimension with growth is at least substantially smaller than in non-OECD coun-
tries. When cognitive skills are accounted for, tertiary attainment per se is not signifi-
cantly associated with long-run OECD growth.

Our projection analysis suggests that, under plausible parameter assumptions, the
real present value of future improvements in GDP due to challenging but achiev-
able educational reform scenarios amounts to $90-275 trillion. A plausible goal of
having all OECD countries boost their average PISA scores by 25 points (one-
quarter standard deviation) implies an aggregate gain of OECD GDP of $90-123

trillion. More aggressive goals, such as bringing all students to a level of minimal
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proficiency for the OECD or bringing all OECD countries to the level reached by
Finland today, would imply aggregate GDP increases beyond $200 trillion accord-
ing to historical growth relationships. The precise size of the reform value of such
long-run projections is clearly up for debate. Nevertheless, our sensitivity analyses
indicate that, while differences between an endogenous and neoclassical model
framework and alternative parameter choices clearly make a difference, the esti-
mates of the long-run effect of reasonable education reforms still yield enormous
values no matter what.

Our projections do not by themselves indicate how schools should be changed.
Nor do they solve the political economy issues of how any change should be
achieved politically. They simply underscore the high cost of political inaction or
misdirection.

In order to provide some guidance, we review the extensive relevant research on
the determinants of educational achievement. Several conclusions appear. First,
many of the traditional policies of simply providing more funds for schools or of
adding specific resources such as smaller classes do not provide much hope for sig-
nificant improvement in student achievement. Second, a growing body of research
shows that teacher quality is a primary driver of student achievement but that dif-
ferences in quality are not closely related to teacher education and experience.
Because teacher quality is not easily measured and regulated, effective policies to
improve quality appear to necessitate more careful attention to the incentives faced
by schools and teachers. Here the research on educational institutions suggests pro-
ductive policy approaches. In particular, evidence from both within and across
countries points to the positive impact of competition among schools, of account-
ability and student testing, and of local school autonomy in decision making.'®
Research on these policies, separately and in combination, indicates some contin-
uing uncertainty about the magnitude of any effects but does support more aggres-
sive attention to these in setting school policies.

An important aspect highlighted by the projections is the dynamic nature of
human capital and growth. Our basic characterization of growth indicates that
higher cognitive skills offer a path of continued economic improvement, so that
favourable policies today have growing impacts in the future. However, the full
ramifications of schooling outcomes will not become apparent until reasonably far
into the future. The economic gains from education reform are surely not reaped
within matters of one or two political legislation periods. They rather require
a long-run perspective that fully considers the time horizon of a child born today.
In the discussion of climate policies, it has become custom to consider expected

outcomes that materialize several generations from now. Education policy needs a

'% In a variety of other work, the importance of different educational institutions is investigated. See the international study
of Woessmann et al. (2009) and the United States analysis of Hanushek and Lindseth (2009). Mourshed et al. (2010) also pro-

vide a nuanced view of the impact of institutions on performance.
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similar long-term perspective to fully capture the consequences of possible current

reforms.

]
Discussion

Fabiano Schivardi
University of Cagliari and EIEF

This is an important paper. It contributes to the debate on the role of human capi-
tal in the determination of economic growth. It builds on an impressive body of
previous work by the same authors. In concludes that improvements in the quality
of human capital can greatly contribute to growth and proposes education as the
growth-enhancing policy for the current century. I believe that this thesis deserves
to be taken seriously. In the rest of the discussion I will elaborate more on the argu-
ment and I will offer some words of caution on the interpretation of the results and
on the feasibility of policies aimed at improving the education system.

The paper has three parts. First, it shows that scores in the PISA tests — defined as
cognitive skills (CS) — are very important in growth regressions. Then, using the
results from the growth regressions, it constructs alternative GDP growth scenarios
deriving from different assumptions on the evolution of CS. Finally, it discusses how
to improve CS. The policy conclusion is clear cut: GS improvements can greatly
enhance the growth performance of OECD countries. In addition to being large, the
effects are also very robust with respect to possible confounding factors. In particular,
in the growth regressions they outperform the average years of schooling (Bar-
ro—Lee), that are not significant once CS are included, as well as some of the other
usual suspects, such as regulation and institutions. In general, it is hard to disagree
with the qualitative conclusion that education is a fundamental driver of growth.
More caution is required to interpret the quantitative statements. The quantitative
results rest on a series of assumptions and require taking the estimates very seriously.
Given that this is fundamentally a quantitative paper, I will propose some caveats in
interpreting the conclusions and in translating them into policy recommendations.

Time series versus cross-sectional variation

The estimates are based on cross-sectional differences in PISA scores. That is, the
authors use the average within-country values of the test scores as a regressor in a
cross-sectional growth regression (GDP per capita) for the period 1960-2000.
Therefore, the data variability that identifies the effects comes from cross-country
differences. On the contrary, the evaluation of the growth effects through the simu-
lations are based on changes in CS over time within each country. Clearly, there is
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a tension between these two aspects. In fact, cross-country regressions are subject to
the usual criticisms — reverse causality and omitted variable bias. The authors show
that CS beat some other horses in the regressions. But one can always propose a
different horse. For example, ‘culture’ might be causing both CS and growth: there
might be a cultural trait that induces both high school performance and high eco-
nomic performance. Moreover, CS is computed as a 1960-2003 average, using all
the available tests. Often these tests refer to the final period considered in the
growth regressions. The implicit assumption is that they are a sort of fixed country
attribute, which does not vary much over time.

The authors are well aware of this problem. Indeed, they dealt with it in the
2009 NBER working paper (Hanushek and Woessmann 2009), using IVs and also
differences in achievements of immigrants trained abroad and in the United States.
It would be useful to reference more directly that analysis. A different route to
address these issues would be to follow Ciccone and Papaioannou (2009) and use
the cross-sectoral differences in growth according to the importance of human capi-
tal for each sector. The idea is to determine if more human capital intensive sectors
grow relatively more in countries with high CS. As shown by the seminal contribu-
tion of Rajan and Zingales (1998), this approach allows for the use of country fixed
effects and it can account for all potential country fixed attributes. For example,
the effects of specific ‘cultural traits’ should be uniform across sectors, while the rel-
evance of human capital varies according to the technological content of each sec-
tor. In general, I believe much can be learned from the effects of CS on more than
aggregate per capita GDP growth.

Can CS be improved substantially?

The relative stability of CS at the country level suggests that improving them is not
an casy task. In fact there are various inputs in the human capital production func-
tion, such as schooling, innate ability, family inputs, etc. The most policy relevant
input is schooling. The paper clearly states that we know little on what characteristics
of the schooling system are more conducive to high student performance, despite the
fact that a substantial amount of research has investigated the question. In fact, the
most natural policy variables do not seem to affect substantially students’ outcomes:
amount of resources, class size, teachers’ experience etc. More research will be
needed to determine the extent to which and how CS can be improved.

CS versus tertiary education

CS are measured at the high school level. Based on this, the authors challenge, the
Vandenbussche, Aghion, and Meghir (2006) idea that basic education is more
important for developing countries, tertiary for developed ones. This is done by

showing that: (a) in OECD countries what matters most is the share of students
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above basic CS, rather than above high CS; (b) the years of tertiary schooling are
unimportant after controlling for CS. I find this analysis less convincing than the
rest of the paper. It is unclear how CS relates to educational attainments (years of
schooling). It might just be that in developed economies basic CS represents the rel-
evant threshold to determine college attendance. Moreover, the US is an outlier in
this analysis, as it has high growth, high tertiary achievements and a more modest
CS performance. Indeed, this country is also the most technologically advanced.
An alternative interpretation is that it represents the technological frontier, also
thanks to the tertiary system, and all other OECD countries are followers. This
would be in line with the Vandenbussche, Aghion, and Meghir (2006) interpreta-
tion, and would leave open the possibility that in the future the tertiary education
might become as important also in other OECD countries.

A superficial (but at risk) reading of these results could be that only quality (mea-
sured by CS) matters, and quality early on. Even in this case, there are two possible
interpretations: (a) Higher education is of second order importance; (b) Both higher
and lower education matter, in a complementary way. It would be interesting to
estimate something like:

human capital = o quality + B years + y(quality x years)

The results in the paper indicate that f is small, but y might be large. The policy
prescription would be very different: increasing years of schooling is also important.
TFrom a policy perspective, this in an easier goal than increasing CS. For example,
it has been the crucial goal of the reform of the university system in Italy at the
beginning of the 1990s. In a recent paper of mine with Roberto Torrini (2010), we
find evidence that a higher supply of college graduates at the local level caused
more productivity growth.

The reform scenarios and their effects

The main message is that the effects are so large that the net present value (NPV)
of the reforms is always substantial, under different parameter values, experiments
and growth framework. In terms of the distinction between endogenous growth and
neoclassical framework, I would emphasize more the conditional convergence sce-
nario, as scale effects require some specific assumptions on the input accumulation
equation. Finally, the NPV calculations would have been perfect for computing the
returns from investing in education and overlapping generations analysis: who pays?
This could be the subject of future research.

Policies to improve CS

The results from a large body of literature, mostly for US schools, lead to the con-
clusion that simply increasing spending does not guarantee substantial improve-
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ments in the quality of education. Hanushek and Woessman propose incentives as
the crucial element, promoted through competition, autonomy and accountability.
This is very much an economist’s perspective — and totally agreeable. Still, it would
be useful to provide some evidence that these are important ingredients of the
Korean and Finnish school systems, that are at the top of the CS distribution: is
this the case? I suspect that this is not the whole story. It would be important to
put some more attention to purely educational aspects: curriculum, teaching tech-
nology, class discipline and so on. Is there something we can learn from education

experts? What is so special of the Korean and Finnish systems?.

Luigi Pistaferri'”

Stanford University

1. Introduction

This paper deals with three issues.

First, it revisits the very large literature on the determinants of long term growth. It
identifies three important factors for long-term growth: (a) human capital invest-
ments, (b) institutions, 1.e., security of property rights etc., and (c) regulations, espe-
cially of product and labor markets (firing and hiring restrictions, extent of red
tape, etc.). The authors’ conclusion is that human capital variables appear to be the
dominant force among the three.

The second issue addressed by the paper is quantitative. Having assessed that
human capital is the dominant force for explaining differences in long run growth,
how large is its effect?

Finally (and this is a theme that runs across the paper), are the answers to these
questions different for developing and developed countries? Most of the empirical
analysis is conducted on a sample of OECD countries, but the authors also show
results for an extended sample, and argue that institutions don’t matter among
OECD countries but do matter for explaining growth differences between devel-
oped and developing countries; and that regulations don’t affect long-term growth
prospect but do have an effect in the short run.

The paper has three important take-away points:

(1) Using ‘“‘average schooling” to measure human capital is misleading because,
say, 12 years of schooling don’t mean the same thing across countries. A given
year of schooling delivers different increases in knowledge and skills in different
countries, typically as a function of the strength of the education system in

7 Stanford University.
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which it is experienced. The authors try to avoid this pitfall and measure the
human capital of a country with an index of cognitive ability. In particular,
they propose using the average PISA score, which has the advantage of being
comparable across countries because pupils in different countries all take the
same test. Moreover, the PISA score is a sufficient statistics because it reflects
quality and not just quantity, together with being also a reflection of all inputs
in the process of human capital production, such as parental background, etc.

(2)  Their new measure of human capital is a very powerful one — it improves the
fit of the model and it knocks down the statistical significance of all other vari-
ables traditionally associated with long term growth, such as institution and
regulation variables.

(3) Quoting almost verbatim from the paper, feasible reforms (that is, reforms that
are being planned or have already been phased in in some countries) would

result in extremely large long term bengfits in terms of economic growth.

In short, this is a very good paper, with quite a lot in it, and a clear discussion of
the possible policies that could be used to realize the growth increase predicted by
their regressions, although — somewhat understandably — the authors shy away
from actually making precise policy recommendations. The evidence is strong and
the estimated effects of human capital on growth large. If these estimates are taken
at face value, they ought to change the way we think about determinants of long-
term growth and country-wide investment priorities.

Discussion

Let me now come to a discussion of some aspects of the paper that can be contro-

versial. I will start by making two remarks on measurement.

(1) The paper argues that the PISA score offers a standardized measure of cogni-
tive ability, i.e., something that is easily comparable across countries, unlike
average years of schooling. I will offer some thoughts on whether this is effec-
tively the case.

(2) The authors treat the concept of “variable quality” a bit asymmetrically. While
it’s true that an increase in “years of schooling” do not necessarily result in an
equivalent increase in the stock of HK in two different countries, a similar
argument can be made for the institutional and regulation measures used in

their regressions.

Let me elaborate on the first point, the comparability of PISA score across coun-
tries. What is the PISA test score measuring? PISA tests just a few areas of the
school curriculum: Reading, Math, and Science. It does not test knowledge of social
sciences (such as economics!), history, arts, or foreign languages. But what if success

in real life is more related to how much economics you know than how much
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chemistry formulae you’re able to decipher? There is now a small literature in eco-
nomics arguing that financial literacy (and not Mendeleev’s periodic table) taught
early on improves dramatically permanent income. Second, what kind of incentives
do children have to answer correctly the PISA test questions? A small internet
search reveals that in most countries children know (or are told) that their “school
grade” (which is the one they really care about) is independent of how well (or bad)
they perform on the PISA test, and may not even be told how well they did on the
test, let alone have someone discussing the answers, etc. In other countries, in con-
trast, getting on the top of the PISA table seems to be a matter of national pride
(for example, Korea, Taiwan and Singapore). Other countries appear to have chan-
ged their attitudes towards the importance of PISA test scores (for example, Nor-
way and Germany have started to allocate resources to that specific goal after
discovering that their kids were not doing as well as they thought they would). If
these trends exist, they invalidate the use of fixed effects as a cure for all institu-
tional differences that may exist across countries. Moreover, they may fire backs
conceptually: Teachers may have incentives to “teach to the test” and the test score
itself may lose the “economic” content the authors attach to it.

As for the second point, the use of indexes to measure the strictness of regula-
tions in labor or product market may be misleading (this is a general point, it does
not apply to this paper in particular). To give an example of the dangers involved,
consider forming an index on the strictness of firing regulations. In many countries
“small firms” are exempt from firing restrictions. Suppose countries A and B
exempt firms with 15 employees or less. At first sight, it may seem that the two
countries are similar in terms of the strictness of their firing restrictions. However,
suppose that the firm size distribution in the two countries is such that in country B
most of the firms are (relatively) large, while in country A most firms are small
(below 15). In this case the regulation is really binding only for country B. Hence,
policies that look similar may actually be quite different once one weights in
enforcement, industrial structure (in this case), and so forth. It is therefore possible
that the use of “correct” measures of institutions or regulatory powers might revert
or weaken their negative results about the contributions of these variables to eco-
nomic growth.

3. Results and conclusions

The paper tries to measure the effect on long-term growth of three types of policies:
(1) Rising PISA score by 25 points; 2) Bringing every country to the level of high-
est-scorer Finland; and 3) Bringing all kids to a minimum proficiency level.

The projection exercise is interesting and useful. In principle, there are issues:

(1) Any reform (such as increasing the PISA score by 25 points) would probably

require putting money somewhere (teachers’ pay, etc.). Financing of these
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reforms is not discussed, but higher taxes to pay for the reforms would hamper
growth (and may even discourage human capital investments in turn). This
most likely would be exaggerating the effects of the reform.

(2) The cost of the reform ought to be different for countries in different points of
the distribution of PISA scores.

The authors tackle these issues is Section 7.4 and the findings remain robust, which
1s reassuring.

In conclusion, this a very interesting and ambitious paper which has some very
strong findings. In particular, in OECD countries the role of institutions and regu-
lation in explaining long-term growth differences disappears once a credible and
comparable measure of human capital (the PISA test score) is used. It also finds
that feasible reforms that enhance the human-capital of a country may have very
large effects on long-term growth. What is somewhat absent from the paper is a
clear mapping from possible policies onto “feasible” reforms, and this would I'm

sure be the subject of future work.

]
Panel discussion

In opening the discussion, Marco Pagano asked if there was any country level evi-
dence on the effect of major education reforms on long-term growth. Such analysis
would provide better insight into the effects of changes in education on growth over
time and would complement the cross-sectional analysis in this paper. He also con-
tended that as the pay-off from policies which increase the quality of education is
so far into the future the political will to make such investments would be very
small and he wondered how such political incentives could be altered. He added
that this issue was particularly relevant given that many countries are entering into
a period of fiscal austerity.

Dalia Marin believed the schooling measure used in the paper underestimated
the effect of schooling stock on long-run growth. She suggested an improved proxy
for human capital stock may decrease the large effect of the quality of education on
GDP growth found in the paper. In work she has done on the returns to education,
where employee skill levels are weighted by their market wage, she found that the
human capital stock adds 0.5% to GDP per capita per year in Germany. Volker
Nocke pointed out that the cognitive skills measure used in the paper includes a
measure of the cognitive skills of students still in education. He argued that it is
more appropriate for the authors to use initial cognitive skills when estimating its
effect on GDP growth.

Michalis Haliassos focused on the importance of institutions and the incentives of
people to invest in education. For example, in countries where personal connections

matter for getting a job this will undermine the importance of education and lead



EDUCATIONAL OUTCOMES 487

to the misallocation of resources and lower growth. In this case, increased spending
on education would not necessarily lead to higher levels of education. Morten Ravn
agreed that institutions and a cultural mentality to succeed were important factors
that one must control for when estimating the returns to education. Monica Paiella
focused on the importance of labour market institutions and in particular wage
rigidities in teacher salaries. She noted that in many countries teachers’ salaries are
not linked to the performance of their students. Such rigidities are likely to impact
on the overall cognitive development of students. Following Luigi Pistaferri’s discus-
sion on the scope of the PISA test for testing various aspects of cognitive skills, she
noted that the purpose of the PISA test is to measure outcomes of learning beyond
the school curriculum and therefore the exclusion of other social sciences from the
test should not matter too much.

In reply to comments on the shortcomings of the cross-country regression
approach made by Andrea Ichino and others, Eric Hanushek referred to other
research he has completed which use a variety of approaches and continue to iden-
tify a positive effect of education on growth. In response to Marco Pagano’s com-
ments on the political economy of educational spending, Eric Hanushek conceded
it was very difficult to answer how one could create the political incentives to invest
in education given the pay-offs are in the very medium to long run. He did note
that China has managed to develop an institutional structure which supports
longer-run investments in education. Finally, Hanushek accepted the comments that
more recent PISA test scores may be less representative of the cognitive develop-
ment of a country’s population as some countries now place greater pressure on

students to perform well in this test.
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