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Abstract

This study investigates empirically how educational attainment has
contributed to economic growth and income distribution, using cross-country
data between 1980 and 2014. The growth accounting exercise shows that an
increase in average years of schooling was a significant factor of economic
growth, contributing to about 0.4% point of per worker GDP growth on
average for the 99 countries. Cross-country panel regressions also confirm
that educational expansion, especially at secondary and tertiary levels, played
a positive role for economic growth. It was also a major driver for improving
distribution of education and income in population: about three additional
years of the average schooling was estimated to contribute to reducing the
income Gini coefficient by 1.3% points on average. Policies promoting good
quality education access to all people are important for inclusive economic

development. Moreover, preparing workers for adequate skills in the rapid
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development of digital technologies and automation is a key challenge to

support innovation and productivity growth as well as inclusive labor markets.
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Introduction

Education, which entails the acquisition of information, knowledge, skills
and values, is an important means to personal development, as well as a basis for
national development. The subject - a role of education for economic, political
and social development - has been studied by a lot of researchers across many
disciplines including economics, education, politics, and sociology. Confucius,
in ancient times, said “A jade without chiseling will not become a useful object.
A man without learning will not know the way. The rulers should put education
first to govern the state and manage people (The Book of Rites)’. In human
capital theory by Becker (1964) and Mincer (1974), educational attainment is
a key component of human capital held by an individual, thereby determining
lifetime earnings in labor markets.*

The modern economic growth theories explain the aggregate level

of human capital, particularly that attains through education, as a critical
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Educational capital is considered as a main component of human capital. However,

human capital can be more broadly defined as comprising other factors such as

health, job experience and skills.
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determinant of economic growth over the long run (Lucas, 1988; Mankiw,
Romer, and Weil, 1992). Education improves the efficiency of individual
workers, by enabling them to perform complex tasks and adapt to the evolving
needs of the production system. A pool of well-educated workers builds up the
nation’s innovative capabilities that help its economy to move up the value chain
and to produce more sophisticated, high-value products. In addition, the level
of educational attainment has a strong positive impact on social and political
outcomes, such as fertility, the education of children, democracy, and the rule of
law, which are major determinants for long-term economic performance (Barro
and Lee, 2015).

In recent decades, rising income inequality has attracted attention. In many
countries, alongside income growth, income inequality has increased (Piketty,
2014). In particular, many East Asian economies once praised as a “miracle of
“growth with equity, have also witnessed the deterioration of income distribution
in the past 10 years (Jain-Chandra et al., 2016; Lee and Lee, 2018).

Educational attainment embodied in a worker is a major determinant of
his or her lifetime earnings, and consequently affects the degree of income
inequality in a society. At household level, educational investment in children
is regarded as a major device to improve their future earnings. Public spending
on education is believed as a highly effective tool for reducing educational
inequality and consequently making income distribution more equal.

The purpose of this study is to assess quantitatively the role of education in
income growth and distribution across economies in the long run. Although the
importance of education is well-acknowledged by the public and policymakers,
the effects that education have for income growth and distribution across the
population over long periods of time is not always clear in empirical studies.

This is largely because identifying the exact contribution of education to



economic growth and income inequality requires controlling for that of other
determinants such as technological progress. It is a challenging task to address
the identification issue, especially in intertemporal, cross-national contexts.
This paper attempts to analyze the exact contribution of education to economic
growth and income inequality after controlling for that of other important
factors. It contributes to the existing literature by using an updated data set
covering a broad range of countries for the period between 1980 and 2015.

The remainder of this paper is organized as follows. Section 2 presents the
estimates of educational attainment across countries and discusses the evolution
of average educational attainment and its distribution for 138 countries over the
sample period. Section 3 assesses the contribution of education to economic
growth based on the growth accounting and regression approaches. Section
4 analyzes the role of educational attainment and its distribution on income
inequality. Section 5 discusses the role of education in preparing current and
future workers for adequate skills in response to rapid technological progress

and evolving demands in the labor market . Section 6 concludes.

Evolution of Educational Attainment and Inequality

For the measure of educational attainment, this study uses the average years
of schooling for the working-age population, constructed by Barro and Lee
(2013, 2015). This dataset is constructed for a large number of countries based
on actual census and survey observations on attainment. Missing observations
are imputed by using enrollment-ratio and population structure data. The latest
dataset provides estimates of educational attainment for the populations, aged
15 and above, of 146 countries at five-year intervals from 1950 to 2010 and

projections from 2015 to 2040. The estimates are disaggregated by gender and
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five-year age intervals. The data set distinguishes between seven different levels
of education: no formal education, incomplete primary, complete primary, lower
secondary, upper secondary, incomplete tertiary, and complete tertiary. Hence,
the dataset provides the estimates of educational attainment, measured by the
average years of schooling, among the adult population at all educational levels
as well as at the primary, secondary, and tertiary levels.

The average number of years of schooling for the population aged 15-64, S,
is defined as follows:

(H)S=Y.>dur{l!,a=15-19, -+, 60 — 64

where dur is the duration of education level j, corresponding to seven
different levels of education for five-year age population group a, and [} is the
fraction of population group a that has attained education level j.

The average years of schooling among the adult population provides an
internationally comparable measure of educational capital stock or human
capital stock owned by an average worker. It assumes that a group of population
with no formal education do not possess any human capital and human capital
stock accumulates proportionally to the duration of schooling.

An alternative measure of human capital stock (#) assumes a Mincerian
log-linear relationship between the number of years of schooling and human
capital, such that

@) h=3,5,e" "7

where 0] measures the efficiency of a unit of labor from population
group a with education level j, relative to that of labor without any schooling.
It indicates the marginal return to an additional year of schooling at level j,
which can be derived from education/wage profiles. Hence, human capital per
worker, 4, is measured by the sum of the shares of workers weighted by relative

wage rates across all education levels. If the marginal rate of return to a year of



schooling is constant for all education levels and everyone attains the same level
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of schooling, Equation (2) can be further simplified to 7= e
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Figure 1. Trends of Educational Attainment from 1980 to 2015 for 138
Economies

Figure 1 presents the trend of educational attainment from 1980 to 2015 for
the 138 countries that have complete information. The figures are unweighted
averages for all the countries in the sample (“the world) and those in the groups
of advanced and developing countries. As can be seen in Figure 1, there has

been dramatic expansion of education worldwide and within the group, largely

> Lee and Lee (2016) analyze the evolution and distribution of human capital stock

worldwide and across nations based on a Mincer-type human capital measure,
compared to average years of schooling.
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due to increases in school enrollment, especially at the secondary and tertiary
levels in the earlier periods (Barro and Lee, 2015). Nevertheless, there remains a
substantial gap between advanced and developing countries.

The empirical literature commonly uses two measures of educational
inequality: the standard deviation of schooling (De Gregorio and Lee, 2002)
and the education Gini coefficient (Castell6 and Doménech, 2002; Lee and
Lee, 2018). This study adopts the education Gini coefficient for the measure of
educational inequality. Figure 2 shows that educational inequality, measured by
the education Gini coefficient, has declined continuously in all groups during
the sample period. The income distribution in advanced countries is, on average,

much more equal than that in developing countries.
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Figure 2. Trends of Educational Inequality from 1980 to 2015 for 138
Economies



The trend of educational inequality contrasts to that of educational
attainment which is upward as shown in Figure 1. This reflects that educational
expansion tends to improve educational distribution. In a society in which only
a small fraction of the population has received formal education, the average
educational attainment is low and the educational inequality is high. With
an expansion of educational attainment, the level of educational inequality
would decrease if the uneducated people received some education. Educational
attainment has a strong negative relation with educational inequality for the
138 countries in terms of both level and change as shown in Figures 3 and 4,
respectively. This implies that the expansion of education of less-educated
population contributed to reducing the level of educational inequality across

economies during the sample period.

Educastion Gini Coefficient
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Figure 3. Relationship between Educational Inequality and Educational
Attainment, Five-Year Intervals from 1980 to 2015
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Change in Education Gini Coefficient, 1980-2015

0 2 4 6 8
Change in Years of Schooling, 1980-2015

Figure 4. Change in the Educational Attainment and Education Gini
Coefficients from 1980 to 2015

However, despite improvement in educational inequality and attainment,
economic growth has declined with widening income inequality in many
countries in recent decades. This contrasts to our expectation that an increases
in the average educational attainment and educational equality tend to improve
both income growth and distribution. This trend is puzzling. There must be other
important contributing factors of economic growth and income distribution,
such as technological development and international trade. Hence, assessing
their roles are essential to identifying the exact contribution of education to

growth and distribution.



Role of Education in Qutput Growth

This section appraises the contribution of education to output growth using
country-level data based on two standard approaches (Barro and Sala-Martin,
2004). The first one is based on the conventional Solow-type growth accounting.
The basic assumption of this approach is that an increase in educated workers
raises output through the improvement of labor productivity, controlling for
other contributing factors such as physical capital stock and technological
advances. The other one is cross-country regression which assesses the
contribution of education or human capital to differences in growth rates of per
worker output across economies while controlling for other important growth
determinants.

The growth accounting methodology proposed by Solow (1958)
decomposes the growth rate of the total output of an economy into components
associated with changes in factor inputs and total factor productivity (TFP),
which reflects technological progress.

Let's assume a standard production function such as

B3)Y=F(K,H,A)=F(K,h XL, A)

where Y is real output, K the stock of physical capital, and A labor input,
and the 4 measures the level of technology or TFP. Here, labor input H is a
concept of the overall labor input or human capital stock. The aggregate labor
input is defined as H = 41 X L where L is total work-hours (or number of workers)
and / is a measure of labor quality or average human capital stock per worker
which reflects an increase in the average years of schooling for the labor force.

Then, based on the growth accounting approach, the growth of output ¥

can be easily decomposed into the contribution of four productive components:
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(i) growth in physical capital stock; (ii) growth in labor input; (iii) growth in
human capital per worker; and (iv) TFP growth.

K, dH A

where dX/X represents the percentage rate of change of the variable X, and

dY
4) Y =Vk

v and vy, are the share of capital and labor income respectively. If the production
function exhibits constant returns to scale in K and H, all the income associated
with the real output Y is attributed to capital and labor. That is, vy + vy = 1. In

this case, Equation (4) can be also expressed in per worker terms as follows:

6 = v G Y

Then, the growth of output per worker (y = Y/L) is decomposed into three
components: the growth in physical capital per worker (k = K/L), the growth
in human capital per worker (#) and the total factor productivity growth (4).
Hence, we can measure the contribution that human capital made to per worker
output growth.

The growth accounting is applied to a broad number of countries over the
period 1981-2014 using data on GDP and physical capital stock from the Penn-
World Tables (PWT) 9.0 (Feenstra, Inklaar, and Timmer, 2015). Labor shares by
countries and over time are also available from the PWT 9.0. The working-age
population is sourced from the United Nations (2015).

The overall labor input is an aggregate of all labor inputs classified in
seven educational levels, weighted by the relative productivity (or relative wage
rates), as in Equation (2). While no detailed data on wage rates for all individual
countries is available, international data on the education-wage profiles derived
from the Mincerian equation are compiled for a broad number of countries

by Psacharopoulous (1994). In this approach, the wage rates of workers are

constructed based on the assumption that the marginal rate of return to an



additional school year is constant to be 10%, the world average of return rates in
Psacharopoulous (1994), for all countries.

Table 1 reports results of the growth accounting decomposition for the
overall sample period of 1981-2014 and three sub-periods— 1980s, 1990s,
and 2001-2014—for 99 countries that have complete data. The figures are the
weighted averages for the groups of all the countries across the world, advanced

and developing countries by using country’s share in world GDP.

Table 1 Growth Accounting for GDP per Worker, 1981-2014
Group  Growth Rate Contribution from
(no. of  of per-worker Physical Capital ~ Human Capital TFP Growth
countries) GDP per Worker per Worker Rate
World (99)

1981-1990 0.019

1991-2000 0.0224
2001-2014 0.0247
1981-2014 0.0233
Advanced (24)

1981-1990 0.0224
1991-1900 0.0195
2001-2014 0.0095
1981-2014 0.0162
Developing (75)

1981-1990 0.0117
1991-2000 0.0276
2001-2014 0.041
1981-2014 0.0307

0.0105 (55.4%)
0.0116 (51.6%)
0.0144 (58.4%)
0.0128 (54.9%)

0.0108 (48.3%)
0.0093 (47.5%)
0.0062 (65.8%)
0.0084 (51.9%)

0.0098 (83.6%)
0.0157 (56.9%)
0.0232 (56.5%)
0.0173 (56.5%)

0.006 (31.5%)
0.0063 (28%)
0.0035 (14.3%)
0.0041 (17.5%)

0.0054 (24.3%)
0.005 (25.7%)

0.0028 (29.5%)
0.0029 (17.7%)

0.0071 (60.3%)
0.0086 (31%)

0.0043 (10.5%)
0.0045 (14.7%)

0.0025 (13.2%)
0.0046 (20.3%)
0.0068 (27.4%)
0.0064 (27.6%)

0.0061 (27.4%)
0.0052 (26.8%)
0.0004 (4.6%)

0.0049 (30.4%)

-0.0051 (-43.9%)
0.0033 (12%)
0.0135 (33%)
0.0088 (28.8%)

Notes: Data are sourced from the PWT 9.0 and the Barro—Lee human capital data (www.
barro-lee.com). GDP growth is an average annual GDP growth rate over the
period, weighted by country share in current price real GDP. The contribution of
physical capital per worker, human capital per worker and TFP is the rate of per-
worker GDP growth weighted by the country’s income share.
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As can be seen in Table 1, the average per worker GDP growth rate for the
99 countries over the entire sample period was 2.3% per year. The growth rate
was 1.9% in the 1980s, and since then has risen to about 2.2~2.4%.

The average per worker GDP growth rates over 1981-2014 was 1.6% for
the sample of 24 advanced countries and 3.1% for the sample of 75 developing
countries. In the advanced countries, the average per worker GDP growth rates
dropped from about 2.2% in the 1980s to about 2.0% in the 1990s and then
further to about 1.0% in the period of 2001-2014. The significant decline of
per worker GDP growth rate since the 2000s reflects the impacts of the global
financial crisis that hit advanced economies more severely since 2008. In
contrast, for developing countries the average per worker GDP growth rates
accelerated from 1.2% in the 80s to 2.8% in the 1990s and further to 4.1% in the
latest period.

Table 1 presents that the contribution of human capital accumulation
(increase in average years of schooling) to economic growth is sizeable
worldwide. The annual growth rate of per worker GDP explained by human
capital is estimated on average to be about 0.4% point from 1981 to 2014 for
the 99 countries in the world, amounting to about 18% of per worker growth
over the period. The contribution of human capital to per worker GDP growth
rate was greater in the 1980s and the 1990s, about 0.6% point (about 28~32%
of annual per worker GDP growth), and then declined to 0.35% point (about
14%) in the 2001-2014 period for the world. It is slightly larger in the group of
developing countries, about 0.45% point, compared to about 0.3% in the group
of advanced countries in the overall period.

Figure 5 depicts per worker output growth rates and its sources for the three
sub-periods and for the entire sample period. The growth accounting exercise

implies that human capital is a significant factor for economic growth, but its



contribution to per worker GDP growth is smaller than that of physical capital
per worker throughout the period. Compared to that of TFP, it was larger in the

1980s and the 1990s but became smaller in the recent period.

0.03 -
0.02 -
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® Physical Capital ®Human Capital = TFP Growth Rate

Figure 5. Growth Accounting for Per-Worker GDP Growth
of 99 Economies, 1981-2014

These results, however, do not necessarily undervalue the contribution
of human capital. The growth accounting method provides only a mechanical
decomposition, and it is limited to consider the interactions among the
productive components — human capital, physical capital accumulation and
TFP — for output growth. An abundant human capital stock can have a positive
effect on physical capital accumulation and technological progress (Romer,

1990). Conversely, physical capital accumulation and skill-biased technological
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change can raise the relative demand for skilled workers and skill premium,
thus promoting human capital accumulation. By ignoring those interactions, the
growth accounting result can over- or under-estimate the true contribution of
human capital to output growth. In addition, growth accounting does not explain
where the growth of inputs and total factor productivity comes from. The result
does not necessarily imply a causal effect of human capital in explaining the
growth rates of per worker output across economies over time. For example,
some exogenous factors can increase both educational attainment and output.

As an effort to identify the independent impact of human capital on
output growth, researchers have adopted a regression-based approach. After
controlling other important explanatory variables, the framework allows us to
investigate the independent role of educational attainment, measured by overall
years of schooling, in economic growth (Barro, 1991; Barro and Lee, 1994 and
2015). The regression often adopts cross-country panel data in order to explain
differences in growth performance across country,

The basic empirical framework is expressed as

(6) Dy, = o + Bilog(vi) + Bohi i+ BXi, + €.

where Dy, is country i’s per worker GDP growth rate in period t, y;, is
country i’s per worker GDP at the beginning of period t, 4, is average years
of schooling at the beginning of period t, and x;, indicates a wide variety of
external environmental variables that influence long-term GDP growth rates.
As suggested by previous empirical researches, investment rate, institutions,
fertility, international trade, inflation and other policy factors are major
determinants of long-run per worker output (Barro and Xala-i-Martin, 2004;
Barro and Lee, 2015).

As can be seen in Equation (6), the estimate of the coefficient £, measures

the impact of initial educational stock on subsequent per-worker output growth



for the given values of initial per worker output and the external environmental
variables of X;, Most of previous researches find a positive value of £, indicating
that a higher level of human capital, proxied by educational attainment of the
working-age population, tends to increase output growth, controlling for other
important factors.

However, previous empirical studies based on cross-country regressions
often estimate statistically insignificant coefficient for the overall years of
schooling, indicating a weak or insignificant effect of overall educational
attainment on output growth (Pritchett, 2001; Barro and Lee, 2015). This
result may come from the inaccuracy of the average years of schooling as a
measure of human capital stock, for example, because it does not take account
of differences in the quality of schooling across countries and over time. It may
also come from that not years of overall schooling but those of schooling at
some specific levels matter for economic growth. Some empirical studies, such
as Barro and Lee (1994, 2015), finds that only secondary and tertiary levels of
schooling are important, implying that workers with high educational attainment
stimulate physical capital accumulation and facilitate technological progress,
thereby contributing to per worker GDP growth.

An interesting result from cross-country regressions is that female
educational attainment enters positively while male attainment enters negatively
(Barro and Lee, 2015). Thus, an increase in female school attainment—for given
values of male educational attainment and other explanatory variables—has a
positive effect on economic growth. This could be interpreted as that raising
female’s educational attainment level up to male’s would create better economic

and social environments that are more favorable for economic growth.
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Education and Income Inequality °

Consistent with our belief, the human capital model indicates that
educational attainment and its distribution across the population affects the
degree of income inequality in a society (Becker and Chiswick, 1966; Mincer,
1974). Under this model, educational inequality is positively associated with
income inequality, if other things are controlled for. In addition, the effect of the
average years of schooling on income inequality is expected to be either positive
or negative, depending on the correlation between educational attainment and
the rates of return on education. An increase in average years of schooling tends
to magnify the variance of wage among workers, given the rates of return on
education or wage rate, and thus lead to a higher level of income inequality.
Meanwhile, if an educational expansion increases the proportion of higher-
educated workers and thus reduces the wage premium, more equal income
distribution is likely to be achieved.

The findings of the previous studies using macro- and micro-level data are
broadly consistent with the predictions of the human capital theory. Overall,
educational inequality has an unequalizing effect on income distribution, while
educational expansion has an ambiguous effect on income distribution when
controlling for other important factors (Lee and Lee, 2018). If educational
expansion tends to reduce educational inequality, as shown in Figures 3 and 4, it
can have an additional equalizing effect on income distribution.

In order to identify the relationship among educational expansion,

educational inequality and income inequality, Lee and Lee (2018) adopt the

6 See Lee and Lee (2018) for detailed discussion.



following empirical framework:
(7) Income Gini;, = p, + p, Education Gini ;,;+ f,
Educational Attainment |, + ps X, +¢,+n,+u,,
(8) Education Gini ;, =y, + y, Educational attainment ; _;+

v, Income Gini ; , +y;Z,,+ ¢, +n, +y,,

where X;, and Z;, denote a group of environmental and policy variables
that influence country i’s income inequality and educational inequality
respectively. The environmental variables in Equation (7) include per capita
GDP and its square term, based on Kuznets (1955), and policy factors including
trade openness, inflation, government consumption, social benefits spending,
a democracy indicator, and technological progress (i.e. number of patents).
Equation (8) considers the same set of environmental variables in Equation
(7) except per capita GDP square and social benefits spending and adds public
educational spending.

These regressions apply to a panel set of cross-country data for 95
economies over seven five-year periods from 1980 to 2015.” In Equation (7),
the dependent variable is the net Gini coefficient of income distribution, sourced
from the Standardized World Income Inequality Database (SWIID) that Solt
(2016) compiled. In Equation (8), the dependent variable is the Gini coefficient
of educational distribution. The estimation technique is a panel data regression
with country fixed effects, which controls for possible bias due to unobserved
and persistent country characteristics that influence the dependent variables.

To reduce reverse causality, we use lagged values of educational variables in

7 See Lee and Lee (2018) for the details of the data and the estimation results with

different specifications and estimation techniques.
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Equation (7) and of income Gini and educational attainment in Equation (8).

Table 2 Regressions for Income Gini and Education Gini

©) 2
Dependent variable Income Gini Education Gini

Educational Gini 0.117%**

(0.044)
Educational attainment 0.0019 -0.0352%**

(0.0031) (0.0027)
N of obs., countries 600, 95 600, 95
R 0.134 0.818

Source: Lee and Lee (2018)

Notes: The regressions are applied to an unbalanced panel data set for 95 economies
over seven five-year periods from 1980 to 2014. The dependent variable is the net
income Gini coefficient in regression (1) and the Gini coefficient of educational
distribution in regression (2). The regressions include other important explanatory
variables including per capita GDP, trade openness, inflation, government
spending variables, a democracy indicator, and patent and control for country-
fixed effect. Standard errors are in parentheses. ***, ** and * indicate statistical
significance at the 1%, 5%, and 10% levels, respectively.

Table 2 summarizes the estimation results. Educational inequality has
a significantly positive effect on income inequality when controlling for
environmental and policy variables with country fixed effects. The estimated
coefficient, 0.117, in Column (1) suggests that an increase in the education Gini
coefficient of one standard deviation, 0.18. increases the income Gini coefficient
by about 2.1% points, which accounts for about 23% of the standard deviation

of the income Gini coefficient. In contrast, educational attainment has a



statistically insignificant effect on income inequality when controlling for other
variables including educational inequality.

The result in Column (2) shows that educational expansion was a major
driver for improving educational distribution. Hence, the average level of
educational attainment can have an indirect effect on income inequality by
changing educational inequality. The estimated coefficient of educational
attainment, -0.035, suggests that an increase in the average schooling of about
three years, that is about one standard deviation, decreases the education
Gini coefficient by about 0.11, which accounts for about 60% of the standard
deviation of the education Gini coefficient. This reduction of educational
inequality is expected to decrease income Gini by about 1.3% point. Therefore,
increase in educational attainment is the major driver improving the education
Gini coefficient, thereby affecting income distribution.

The results of Equations (7) and (8) reported in Lee and Lee (2018) show
that fast income increase, trade expansion, and rapid technological progress
were the main causes of the rising income inequality in many economies in
recent decades and the improved educational attainment and inequality played
important roles in mitigating these income-unequalizing forces. Considering
the policy variables, higher social benefit expenditures contributed to reducing
income inequality, and higher public spending helped narrowing educational

equality, thereby implicitly improving income inequality.

Education, Skills and Technology

Empirical findings in the previous sections suggest that strong educational
expansion played a major role for sustained and equitable economic growth in

the last three decades. However, critics point out the supply of skilled workers
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Figure 6. Shares of Over-education, Well-matched Education,
and Under-education in PIAAC Data
Source: Author’s construction from OECD (2013).



that reflect the strong growth of a better-educated population has not adequately
matched with changing demand in the labor market.

The knowledge and skills gained at formal education system often fail to
produce graduates with adequate skills and technical competencies relevant
to the labor market. According to a survey by the Economist Intelligence Unit
(EIU 2015), 64% of the executives surveyed were dissatisfied with the level of
attainment of young employees and 52% pointed out a skills gap as an obstacle
to the firm’s performance. Meanwhile, only 44% of the students aged 18 to 25
believed that their education system provided adequate skills.

OECD’s Programme for the International Assessment of Adult
Competencies (PIAAC) shows prevailing mismatches between the skills
acquired in education and those required in the labor market in many countries
(OECD, 2013). PIAAC defines well-matched, over- and under-education
of workers based on the respondents’ educational attainment and their self-
assessment about the education level required for their job. Figure 6 shows
the shares of over-education, well-matched education, and under-education
for 24 countries. The incidence of mismatch is substantial: on average, 22%
of the workers are over-educated while about 13% are under-educated. Note
considerable variations across countries. The share of over-educated workers
ranges from less than 15% in Italy and the Netherlands to over 30% in France
and Japan, while the share of under-education ranges from less than 8% in
the Slovak Republic, the Czech Republic and Japan to over 20% in Italy and
Sweden. The proportion of over-education tends to be higher among the workers
with at least over 16 years of education while that of under-education tends to
decrease with attained educational level.

The emergence of a skills mismatch is a serious concern, causing

unemployment, underemployment and job dissatisfaction. In Korea, for
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instance, unemployment rates of university graduates have been rising in recent
years, while many employers often lament their difficulties in filling vacancies.
Over-educated workers suffer a wage penalty for their surplus schooling. Lee,
Lee and Song (2016) find that the estimated return from an overeducated year
is significantly lower than that from a year of well-matched education in the
Korean labor market.

The skills of the labor force are important for productivity growth and
technological progress. The abundance of skilled workers allows firms and
industries to foster production efficiency and innovation capabilities. Hanushek
and Woessmann (2012) show a strong positive relationship between cognitive
skills and economic growth across nations. Hanushek at al. (2015) report the
positive effects of adult cognitive skills on wages after controlling years of
schooling and other major determinants. In addition, some recent work provides
quantitative evidence for the significant role of noncognitive skills including
motivation, self-esteem. perseverance and acceptance of social norms in
employment and wages (Heckman, Stixrud, and Urzua, 2006).

Recent advances in information and communication technologies (ICTs)
and the acceleration of automation require new type of skills. Robots quickly
replace humans for routine and repetitive tasks. Frey and Osbornes (2017)
estimate that, 47% of the existing jobs in the United States were at risk of
automation. Acemoglu and Restrepo (2017) show that jobs indeed decreased
due to the increased use of robots in the US industries. Workers must learn to
acquire a broad range of skills— not just technical skill but also non-routine
cognitive and interpersonal skills including the 4Cs (critical thinking, creativity,
collaboration and communication) that cannot be easily replaced by artificial
intelligence (Al) and robots.

Preparing adequate skills for all workers is essential for inclusive



development. The race between skills and technology will determine whether
the dividends from new technologies are realized and the benefits widely shared.
The recent increase in inequalities of job opportunities and wages that many
countries experienced was due to the gap between those who have skills that
can make productive use of new technologies, and the others who do not have
adequate skills in new technologies (Autor, 2014).

Education has a vital role in preparing workers for adequate skills in
response to the current and future demands of the labor market under the
environment of rapidly changing technologies. Education system should be
able to prepare today’s youth for the “skills of tomorrow. With good-quality
education starting from early in the life-cycle, all students should be equipped
with solid cognitive and non-cognitive abilities as well as ICT skills. By making
lifelong learning more accessible, workers must keep their skills up-to-date with
new technologies. Governments can provide the strong incentives for employees
and firms to continue to re-skill and up-skill voluntarily.

To improve learning outcomes at school and skill training programs,
upgrading quality of teachers and school administration system is a key factor
(World Bank, 2018). Teachers should be well-trained and qualified. In addition,
improving flexibility in curriculum design will make education and training

programs more responsive to changing technologies and market demand.

Concluding Remarks

This paper provides evidence that educational attainment plays an
important role in both economic growth and income distribution. Growth
accounting and regression analyses based on cross-country data show that an

increase in average years of schooling contributes significantly to per worker
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GDP growth. In addition, it also reduces educational inequality and thus helps to
improve income inequality.

Well-designed education and skill policies must be a priority to achieve
sustained and inclusive economic growth. During the recent decades, rapid
technological progress and trade globalization have caused to widening income
inequality, while contributing to economic growth. Out results imply that
effective human capital policies, such as inclusive education and training for
less-educated and unskilled workers, must be a better policy option to address
income inequality by offsetting the negative effects of international trade and
technological innovation.

To do so, current education and training system in many countries that falls
behind technological progress are subject to reform. In this new era of ICTs and
Al, through effective life-long learning, all workers must be equipped with the

adequate skills to command and complement with new technologies.
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