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Education has long been viewed as an impor-
tant determinant of economic well-being. While
theoretical discussions strongly emphasize the
role of human capital in growth, the bulk of
empirical analysis is more mixed. In large part,
this mixed evidence appears to reflect measure-
ment issues. Once corrected to allow for both
quality of schools and the varied sources of
skills, the skills-growth relationship becomes
clear and strong.

The theoretical growth literature emphasizes
at least three mechanisms through which educa-
tion may affect economic growth. First, educa-
tion can increase the human capital inherent in
the labor force, which increases labor productiv-
ity and thus transitional growth toward a higher
equilibrium level of output (as in augmented
neoclassical growth theories, cf. Mankiw,
Romer, & Weil, 1992). Second, education can in-
crease the innovative capacity of the economy,
and the development of new technologies, prod-
ucts and processes promotes growth (as in the-
ories of endogenous growth, cf., e.g., Lucas,
1988; Romer, 1990; Aghion & Howitt, 1998).
Third, education can facilitate the diffusion and

transmission of knowledge needed to under-
stand and process new information and to
implement successfully new technologies
devised by others, which again promotes eco-
nomic growth (cf., e.g., Nelson & Phelps, 1966;
Benhabib & Spiegel, 1994).

Despite these overall theoretical predictions,
empirical testing has been less conclusive and
open to more questions. Most people would
acknowledge that a year of schooling does not
produce the same cognitive skills everywhere.
They would also agree that families and peers
contribute to education. Health and nutrition
further impact cognitive skills. Yet until recently,
research on the economic impact of educationd
largely due to expediencedhas almost uni-
formly ignored these aspects and has focused
almost exclusively on school attainment. Recent
research shows that ignoring differences in the
quality of education significantly distorts the pic-
ture of how educational and economic outcomes
are related.

This discussion focuses on how measures of
knowledge capitaldthe aggregate cognitive
skills of a countrydreconcile the theoretical
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importance and the empirical evidence on the
role of human capital in growth. The discussion
further underscores the fundamental importance
of skills for economic development.

Early studies of schooling quantity and
economic growth

The majority of the empirical macroeconomic
literature on economic returns to education em-
ploys measures of the quantity of schooling.
The most commonmeasure is years of schooling,
averaged across the working-age population.
(Woessmann (2003b) surveys issues of
measuring and specifying human capital from
early growth accounting to early cross-country
growth regressions.) The standard method of
estimating the effect of education on economic
growth is to estimate cross-country growth re-
gressions where average annual growth in gross
domestic product (GDP) per capita over several
decades is expressed as a function of measures
of schooling and a set of other variables deemed
important for economic growth.

Following the classical contributions by Barro
(1991, 1997) and Mankiw et al. (1992), a vast
early literature of cross-country growth regres-
sions tended to find a significant positive associ-
ation between quantitative measures of
schooling and economic growth. Extensive re-
views of the literature are found in Topel
(1999), Temple (2001), Krueger & Lindahl
(2001), and Sianesi & Van Reenen (2003). To pro-
vide an idea of the robustness of the basic associ-
ation, primary schooling turns out to be the most
robust influence factor (after an East Asian
dummy) on growth in GDP per capita in
1960e96 in the extensive robustness analysis of
67 explanatory variables in growth regressions
on a sample of 88 countries by Sala-i-Martin,
Doppelhofer, & Miller (2004).

Fig. 14.1 provides a basic representation of the
association between years of schooling and eco-
nomic growth from 1960 to 2000. This basic

relationship suggests that each year of schooling
is associated with long-run growth that is 0.58%
points higher, although much of the differences
in growth across countries is unaccounted for.

Yet, questions developed regarding the inter-
pretation of such relationships, and these ques-
tions persist. A substantial controversy
addresses whether it is the level of years of
schooling (as would be predicted by several
models of endogenous growth) or the change
in years of schooling (as would be predicted by
basic neoclassical models) that is the more
important driver of economic growth (e.g.,
Krueger & Lindahl, 2001)). It seems beyond the
scope of current data to draw strong conclusions
about the relative importance of different mech-
anisms for schooling quantity to affect economic
growth. Even so, several recent studies suggest
that education is important both as an invest-
ment in human capital and in facilitating
research and development and the diffusion of
technologies, with initial phases of education
more important for imitation and higher educa-
tion for innovation (Vandenbussche, Aghion, &
Meghir, 2006).

Three more skeptical studies introduce
doubts about the interpretation of the estimates.
Bils & Klenow (2000) raise the issue of causality,
suggesting that reverse causation running from
higher economic growth to additional education
may be at least as important as the causal effect
of education on growth in the cross-country as-
sociation. Pritchett (2001, 2006) raises questions
about the plausibility of simple growth models
with years of schooling and stresses that it is
important for economic growth to get other
things right as well, in particular the institutional
framework of the economy. Third, Levine &
Renelt (1992) and Levine & Zervos (1993) raise
questions about the instability of empirical esti-
mates and the sensitivity to model specification.
Each issue will be discussed further below.

But most importantly, using average years of
schooling as an education measure implicitly as-
sumes that a year of schooling delivers the same
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increase in knowledge and skills regardless of
the education system. This measure also as-
sumes that formal schooling is the primary
source of education and that variations in the
quality of nonschool factors affecting learning
have a negligible effect on education outcomes.
This neglect of cross-country differences in the
quality of education now appears to be the major
drawback of application of school attainment as
a quantitative measure of national skills.

Early evidence on the quality of education
and economic growth

Quite clearly the average student in Ghana or
Peru does not gain the same amount of knowl-
edge in any year of schooling as the average stu-
dent in Finland or Korea, but using measures of
years of schooling in cross-country growth anal-
ysis assumes that they are equivalent. In addi-
tion, using years of schooling implicitly
assumes that all skills and human capital come
from formal schooling, even though extensive
evidence on knowledge development and cogni-
tive skills indicates that a variety of factors

outside of schooldfamily, peers, and othersd
have a direct and powerful influence (Hanushek,
2002; Woessmann, 2003a). Ignoring these
nonschool factors introduces the possibility of
serious bias in the estimation of growth models
based on school attainment.

Since the mid-1960s, international agencies
such as the International Association for the
Evaluation of Educational Achievement (IEA)
and the Organization for Economic Co-
operation and Development (OECD) have con-
ducted many international testsdsuch as
TIMSS, PISA, and their predecessorsdof student
performance in cognitive skills such as mathe-
matics and science. Incorporating these mea-
sures of cognitive skills into growth analysis
dramatically alters the assessment of the role of
education in economic development.

Using the data from the international student
achievement tests through 1991 to build a mea-
sure of educational quality, Hanushek & Kimko
(2000) find a statistically and economically sig-
nificant positive effect of the quality of education
on economic growth in 1960e90 that is far larger
than the association between the quantity of
schooling and growth. Ignoring quality

FIG. 14.1 Years of schooling and
economic growth rates without consid-
ering knowledge capital. Notes:
Added-variable plot of a regression of
the average annual rate of growth (in
percent) of real GDP per capita in
1960e2000 on average years of
schooling in 1960 and initial level
of real GDP per capita in 1960 (mean
of unconditional variables added to
each axis). Source: Hanushek & Woess-
mann (2015a).
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differences very significantly misses the true
importance of education for economic growth.
Their estimates suggest that one country-level
standard deviation (equivalent to 47 test-score
points in PISA 2000 mathematics, the same scale
used in Fig. 14.2 below) higher test performance
would yield about one percentage point higher
annual growth.

That estimate stems from a statistical model
that relates annual growth rates of real GDP
per capita to the measure of educational quality,
years of schooling, the initial level of income, and
several other control variables (including, in
different specifications, the population growth
rates, political measures, openness of the econo-
mies, and the like). Adding educational quality
to a base specification including only initial in-
come and educational quantity boosts the vari-
ance in GDP per capita among the 31 countries
in Hanushek and Kimko’s sample that can be
explained by the model from 33% to 73%. The ef-
fect of years of schooling is greatly reduced by
including quality, leaving it mostly insignificant.
At the same time, adding the other factors leaves
the effects of cognitive skills basically
unchanged.

Several studies have since found very similar
results, including Barro (2001), Woessmann
(2003b), Bosworth and Collins (2003), and Cou-
lombe and Tremblay (2006); see Hanushek &
Woessmann (2008) for a review. In sum, the ev-
idence suggests that the quality of education,
measured by the knowledge that students gain
as depicted in tests of cognitive skills, is substan-
tially more important for economic growth than
the mere quantity of schooling.

Recent evidence on the importance of
cognitive skills for economic growth

The most recent evidence, summarized in
Hanushek & Woessmann (2015a), adds interna-
tional student achievement tests not previously
available, refines the aggregation of the various

international tests, and uses the recent data on
economic growth to analyze an even longer
period (1960e2000).

Hanushek & Woessmann (2012a), relying on
the 36 international tests from 12 testing occa-
sions comparable between 1965 and 2003,
develop a consistent metric of the aggregate
cognitive skills, or knowledge capital, of nations.
They adjust both the level of test performance
and its variation through two data transforma-
tions. First, each of the separate international
tests is benchmarked to a comparable level by
calibrating the US international performance
over time to the external standard of the avail-
able US longitudinal test (the National Assess-
ment of Educational Progress, NAEP). Second,
the dispersion of the tests is standardized by
holding the score variance constant within a
group of 13 OECD countries with relatively sta-
ble secondary school attendance rates over time.
They are able to extend the sample of countries
with available test-score and growth information
to 50 countries. These data are also used to
analyze effects of the distribution of educational
quality at the bottom and at the top on economic
growth, as well as interactions between educa-
tional quality and the institutional infrastructure
of an economy.

The measure of knowledge capital is a simple
average of the mathematics and science scores
over international tests, interpreted as a proxy
for the average educational performance of the
whole labor force. This measure encompasses
overall cognitive skills, not just those developed
in schools. Thus, whether skills are developed at
home, in schools, or elsewhere, they are included
in the growth analyses.

After controlling for the initial level of GDP
per capita and for years of schooling (Hanushek
& Woessmann, 2015a), the knowledge capital
measure features a highly statistically significant
effect on the growth of real GDP per capita in
1960e2000 (Fig. 14.2). According to this simple
specification, test scores that are larger by one
standard deviation (measured at the student
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level across all OECD countries in PISA) are
associated with an average annual growth rate
in GDP per capita that is two percentage points
higher over the whole 40-year period.

Adding educational quality to a model that
just includes initial income and years of
schooling increases the share of variation in eco-
nomic growth explained from 25% to 73%. As re-
ported above, the quantity of schooling is
statistically significantly related to economic
growth in a specification that neglects educa-
tional quality, but the association between years
of schooling and growth turns insignificant and
is reduced to close to zero once the quality of ed-
ucation is included in the model (Fig. 14.3).
Additionally, considering the variation just
within each of five world regions, educational
quality is significantly related to economic
growth, indicating that it does not simply reflect
economic differences across regions.

Recent literature on the determinants of eco-
nomic growth emphasizes the importance of
the institutional framework of the economy
(e.g., Acemoglu, Johnson, & Robinson, 2005,
2012). The most common and powerful

measures of the institutional framework used
in empirical work are the openness of the econ-
omy to international trade and the security of
property rights. These two institutional variables
are jointly highly significant when added to the
basic growth model. But the positive effect of
educational quality on economic growth is very
robust to the inclusion of these controls,
although its magnitude is slightly reduced by
about one-third. Further, Glaeser, Porta, Lopez-
de-Silanes, and Shleifer (2004) question whether
the institutions themselves are an outcome of
more human capital.

Other possible determinants of economic
growth often discussed in the literature are
fertility and geography. But when the total
fertility rate and common geographical proxies,
such as latitude or the fraction of the land area
located within the geographic tropics, are added
to the model, neither is statistically significantly
associated with economic growth.

The results are remarkably similar when
comparing the sample of OECD countries to
the sample of non-OECD countries, with the
point estimate of the effect of educational quality

FIG. 14.2 Knowledge capital
and economic growth rates across
countries. Notes: Added-variable
plot of a regression of the average
annual rate of growth (in percent)
of real GDP per capita in 1960
e2000 on average test scores on in-
ternational student achievement
tests, average years of schooling in
1960, and initial level of real GDP
per capita in 1960 (mean of uncondi-
tional variables added to each axis).
Source: Hanushek and Woessmann
(2015a).
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slightly larger in non-OECD countries. When the
sample is separated based on whether a country
was below or above the median of GDP per cap-
ita in 1960, the effect of educational quality is sta-
tistically significantly larger in low-income
countries than in high-income countries (cf.
Hanushek & Woessmann, 2015a). Specific ana-
lyses focusing on Latin America (Hanushek &
Woessmann, 2012b) and on East Asia (Hanushek
& Woessmann, 2016) confirm and extend the
basic results. More recently, the importance of
knowledge capital for long-run economic
growth has also been shown in within-country
analyses across US states (Hanushek, Ruhose,
& Woessmann, 2017a, 2017b).

Causality in brief

The fundamental question is: should this tight
relationship between cognitive skills and eco-
nomic growth be interpreted as a causal one
that can support direct policy actions? In other
words, if achievement were raised, would

growth rates really be expected to go up by a
commensurate amount?

The early studies that found positive effects of
years of schooling on economic growth may
have, indeed, been suffering from simple reverse
causality, that is, improved growth was leading
to more schooling rather than the reverse (Bils
& Klenow, 2000). If a country gets richer, it tends
to buy more of many things, including more
years of schooling for its population.

There is less reason to think that higher student
achievement is caused by economic growth. For
one thing, scholars have found little impact of
additional education spending on achievement
outcomes, so it is unlikely that the relationship
comes from growth-induced resources lifting stu-
dent achievement (Hanushek & Woessmann,
2011a). Still, it remains difficult to develop conclu-
sive tests of causality with the limited sample of
countries included in this analysis.

Hanushek & Woessmann (2012a) present evi-
dence on a series of tests of causality that offers
some assurance that the issues most frequently
cited as being potentially problematic are not
affecting the results. First, the estimated

FIG. 14.3 Years of schooling and
economic growth rates after consid-
ering knowledge capital. Notes:
Added-variable plot of a regression
of the average annual rate of
growth (in percent) of real GDP
per capita in 1960e2000 on average
years of schooling in 1960, average
test scores on international student
achievement tests, and initial level
of real GDP per capita in 1960
(mean of unconditional variables
added to each axis). Source:
Hanushek and Woessmann (2015a).
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relationship is little affected by including other
possible determinants of economic growth.
These specification tests rule out many basic
problems attributable to omitted causal factors
that have been noted in prior growth work.

Second, the most obvious concerns about
reverse-causality issues arise because the analysis
relates growth rates over the period 1960 to 2000
to test scores for roughly the same period. To
address this directly, the timing of the analysis
is separated by estimating the effect of scores on
tests conducted only until 1984 on economic
growth in the period since 1985 (and until 2009).
In this analysis, available for a sample of 25 coun-
tries only, test scores strictly pre-date the growth
period, making it clear that increased growth
could not be causing the higher test scores of
the prior period. This estimation shows a positive
effect of early test scores on subsequent growth
rates that is almost twice as large as that dis-
played above. Indeed, this fact itself may be sig-
nificant, because it is consistent with the
possibility that skills have become even more
important for the economy in recent periods.

Third, even if reverse causality were not an
issue, it does ensure that the important interna-
tional differences in test scores reflect school pol-
icies and not, say, health and nutrition differences
in the population or simply because of cultural
differences regarding learning and testing. Never-
theless, attention can be focused just on variations
in achievement that arise directly from institu-
tional characteristics of each country’s school sys-
tem (exit examinations, autonomy, relative
teacher salaries, and private schooling). This
instrumental variable estimation of the growth
relationship yields essentially the same results
as previously presented, lending support both
to the causal interpretation of the effect of cogni-
tive skills and to the conclusion that schooling
policies can have direct economic returns.

Fourth, a major concern is that countries with
good economies also have good school systems,
implying that those that grow faster because of
the basic economic factors also have high

achievement. In this case, achievement is simply
a reflection of other important aspects of the
economy and not the driving force in growth.
One simple approach is to consider the implica-
tions of differences in measured skills within a
single economy, thus eliminating institutional
or cultural factors that may make the economies
of different countries grow faster. This can
readily be done for immigrants to the United
States who have been educated in their home
countries and who can be compared to those im-
migrants educated just in the United States.
Since the two groups are within the single labor
market of the United States, any differences in
labor-market returns associated with cognitive
skills cannot arise because of differences in the
economy or culture of their home country. Look-
ing at labor-market returns, immigrants from
countries with higher cognitive skills tend to
have higher incomes, but only if the immigrant
was in fact educated in the home country. Immi-
grants from the same home country schooled in
the United States see no economic return to
home-country test scores, thus pinpointing the
value of better schools. This comparative anal-
ysis rules out the possibility that test scores sim-
ply reflect cultural factors or economic
institutions of the home country.

Finally, for those countries that have partici-
pated in testing at different points over the past
half century, it can be observed whether or not
students are getting better or worse over time.
Building on this, perhaps the toughest test of
causality is relating changes in test scores over
time to changes in growth rates. This approach
implicitly eliminates country-specific economic
and cultural factors because it looks at what hap-
pens over time within each country. While
considering this relationship is only possible
for 12 OECD countries (because of historical
testing patterns), the gains in test scores over
time are very closely related to the gains in
growth rates over time.

Each approach to determining causation is
subject to its own uncertainty (Hanushek &
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Woessmann, 2012a). Nonetheless, the combined
evidence consistently points to the conclusion
that differences in cognitive skills lead to signif-
icant differences in economic growth.

The interaction of educational quality with
economic institutions

Economic institutions appear to interact with
the effect of educational quality on economic
growth. The institutional framework of a coun-
try affects the relative profitability of piracy
and productive activity. If the available knowl-
edge and skills are used in the former activity
rather than the latter, the effect on economic
growth may be very different, perhaps even
turning negative (North, 1990).

Past work supports the possible direct effects
of a country’s institutions. The allocation of
talent between rent-seeking and entrepreneur-
ship matters for growth: countries with more en-
gineering students grow faster and countries
with more law students growmore slowly (Mur-
phy, Shleifer, & Vishny, 1991). Education may
not have much impact in less developed coun-
tries that lack other facilitating factors such as
functioning institutions for markets and legal
systems (Easterly, 2001). And due to deficiencies
in the institutional environment, cognitive skills
might be applied to socially unproductive activ-
ities in many developing countries (Pritchett,
2001).

Adding the interaction of educational quality
and one institutional measuredopenness to in-
ternational tradedto the growth specification in-
dicates not only that both have significant
individual effects on economic growth but also
that there is a significant positive interaction.
The effect of educational quality on economic
growth is indeed significantly higher in coun-
tries that have been fully open to international
trade than in countries that have been fully
closed. The effect of educational quality on eco-
nomic growth is significantly positive, albeit

relatively low, at 0.9 per s.d. in closed economies
but increases to 2.5 per s.d. in open economies.
When using protection against expropriation
rather than openness to trade as the measure of
institutional quality, there is similarly a positive
interaction term with educational quality,
although it lacks statistical significance.

In sum, both the quality of the institutional
environment and the quality of education seem
important for economic development. Further-
more, the effect of knowledge capital on growth
seems significantly larger in countries with a
productive institutional framework, so that
good institutional quality and good educational
quality can reinforce each other. Thus, the mac-
roeconomic effect of education depends on other
complementary growth-enhancing policies and
institutions. But cognitive skills have a signifi-
cant positive growth effect even in countries
with a poor institutional environment.

Simulating the impact of educational
reform on economic growth

Development strategies invariably include
education and human capital improvement as
important components. These have tended until
recently to focus on quantitative goals, such as
achieving certain levels of educational enroll-
ment or attainment. For example, the two Mil-
lennium Development Goals related to
education that the United Nations adopted in
2000 e universal primary education and gender
parity by 2015 e are solely phrased in terms of
educational quantity (United Nations, 2009).
Similarly, while UNESCO’s Education for All
initiative mentioned quality, its explicit goals
mostly focused on school quantity (UNESCO,
2008).

Amidst educational progress, development
strategies built just on schooling have disap-
pointed because expansion of school attainment
has not guaranteed improved economic condi-
tions (Easterly, 2001). Thus, when the United
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Nations in 2015 revisited its development goals
in the Sustainable Development Goals or
SDG’s, the education component included
explicit mention of quality, although stopping
short of quantified quality targets. This is
perhaps a natural acknowledgment that lower-
income countries still have generally incomplete
enrollment in lower secondary schools, but it still
raises the possibility of overemphasis of attain-
ment at the cost of lower quality. In general,
the SDG’s highlight the long standing tension be-
tween goals framed in terms of school comple-
tion (which is readily and routinely measured)
and quality (which less frequently measured).

To show the value of improved quality of
schooling, Hanushek & Woessmann (2015b)
project the economic impacts of country changes
in access and quality of schooling. Three im-
provements in student performance are consid-
ered. In the first, each country moves to full
access to lower secondary schooling at the cur-
rent quality level. In the second, all students
currently in school with insufficient skills are
brought up to at least to a basic skill level. In
the third, both moves simultaneously occur.

Their projections rely on a simple description
of how skills enter the labor market and have
an impact on the economy. Improvement occurs
linearly from today’s schooling situation in each
country to reaching the goal in 15 years.
Assuming that a worker remains in the labor
force for 40 years implies that the labor force is
progressively made up of increasingly more
skilled workers for 55 years (15 years of reform
and 40 years of replacement of retiring, less-
skilled workers), after which all workers are at
the new improved quality level. The difference
inGDP is then estimatedwith an improvedwork-
force versus the existing workforce skills over 80
years, roughly the life expectancy of somebody
in a developed country born today. Future gains
in GDP are discounted from the present with a
3% discount rate. The resulting present value of
additions to GDP is thus directly comparable to
the current levels of GDP. (See Hanushek &

Woessmann (2010, 2011b, 2015b) for details of
the projection methodology.)

Hanushek &Woessmann (2015b) define basic
skills by a simple PISA test standard, where the
OECD defines fully achieving Level 1 on the
PISA test as representing the skills necessary in
order to participate productively in modern
economies.

Fig. 14.4 displays their projection results for
four groupings of countries (according to World
Bank categories): lower middle income, upper
middle income, high income non-OECD, and
high income OECD. Lower middle income coun-
tries include such countries as Ghana, Honduras,
Indonesia, and Morocco. Examples of upper
middle income are Argentina, Bulgaria, South
Africa, and Turkey. The high income non-
OECD includes Hong Kong, Lithuania, and
several Arab oil-producing countries. Again,
however, the 76 countries included in the overall
projections are restricted to countries that have
recently participated in PISA or TIMSS testing
so that a measure of quality is available.

The first grouping of bars on the graph in
Fig. 14.4 show the gains from improving quality
for existing access levels to schools. The lower
middle income countries on average would see
gains in the average level of GDP over the next
80 years of 13%, but even high income OECD
countries would on average gain three percent
in GDP from bringing all students up to basic
skills (PISA Level 1).

The second set of columns shows the eco-
nomic impact of ensuring access of all children
through lower secondary but maintaining exist-
ing quality levels. While this has essentially no
impact on high income OECD countries where
access is almost complete now, it has noticeable
impact for the other sets of countries. For lower
middle income countries, which currently
average about 80% completion of lower second-
ary schooling, the gains would on average lift
future GDP levels by 4.4%.

These two sets of projections show the tension
that has existed in setting international goals for
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schooling. Full access clearly has value, but the
value is significantly less than seen through qual-
ity improvements.

The final set of columns in Fig. 14.4 shows the
result of achieving simultaneous improvements
in access and quality. Lower middle income
countries gain on average 28% higher GDP,
and upper middle income countries gain 16%
in the level of future GDP. This broader quality
dimension is also relevant to upper income coun-
tries, since they today have numbers of students
who do not get to basic skill levels. For example,
in the US 23% of 15-year-olds do not get to Level
1 in mathematics; getting them to Level 1 implies
a future GDP that would be 3.3% higher on
average.

The simulations in Hanushek & Woessmann
(2015b) show that the previous estimates of the
effects of knowledge capital on growth have
large impacts on national economies. They also
suggest that directly focusing on school quality
is important for economic development.

Summary

The accumulated evidence from analyses of
economic outcomes is that the quality of
educationdmeasured on an outcome basis

of cognitive skillsdhas powerful economic ef-
fects. Economic growth is strongly affected by
the knowledge capital of workers.

This message is important in developed and
developing countries alike. In the latter, much
of the discussion of development policy today
simplifies and distorts this message. It recog-
nizes that education matters, but focuses most
attention on ensuring that everybody is in
schooldregardless of the learning that goes on.
Because of the reported findingsdthat knowl-
edge rather than just time in school is what
counts for economic growthdpolicies must pay
more attention to the quality of schools.
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