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Abstract

The endogenous growth theories are considered as state of the art tools in explaining
economic growth. Two branches have developed pioneered by Romer (1990) and Lucas
(1988). The former views economic growth as being driven by technological growth,
facilitated by human capital as an input in the R&D sector, and the second sees human
capital as a factor of production. Although there are theoretical differences, it remains
difficult to distinguish empirically between the two theories. Using alternative human
capital estimates, we did two tests to distinguish between these theories in India,
Indonesia and Japan. We found that, although the Indian and Indonesian economies
where characterised by Lucasian growth, in Japan Lucasian growth was in the mid-
twentieth century replaced by Romerian growth. Several reasons are suggested why
Japan made this transition while India and Indonesia did not.

1 Introduction

The endogenous growth theories are considered state of the art in explaining economic
growth. Two branches have developed pioneered by Romer (1990) and Lucas (1988).
The most compelling reason for their development is that they endogenise economic
growth, that is they cause economic growth from within the model. This is contrary to
the Solow (1956) model in which long-run economic growth is caused exogenously.
Yet, the regressions based on these models, as argued by Kibritcioglu and Dibooglu
(2001, 12-13), are often “difficult to interpret, unstable, and lack a coherent social

science perspective.”
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The difficulties in estimating and interpreting these regressions, on which
Kibritcioglu and Dibooglu (2001) based their (too) strong attack, result from obstacles
in empirically distinguishing between the different growth theories. A first obstacle is
that current human capital proxies used to estimate the new growth models are often
unsuited to distinguish between the different theories. Second, the implications of the
different growth theories are much alike making a distinction between them even
harder. For example, both theories imply an absence of conditional economic
convergence. Third, the model of Romer (1990) is based on technological growth (that
depends on the level of human capital) whereas the model of Lucas is based on human
capital accumulation (the growth of human capital determines the growth of the
economy). But Lucas (1988) did not state through what channels capital accumulation
causes endogenous growth. This could well be by easier adaptation of technologies
from technological frontier countries meaning that both theories lead to endogenous
growth by technological growth. Fourth, it is possible the Lucas (1988) model is just an
earlier stage in a development toward the Romer (1990) model. Because the Lucas
(1988) model is based on constant marginal returns to human capital accumulation, it is
unlikely that Lucasian growth can last indefinitely. As Romer (1990) based his model
on the technological frontier country (the USA), it might be possible that endogenous
growth moves from Lucasian to Romerian growth when a country approaches the
technological frontier.

It isthus likely there are institutional settings both in forming human capital and
adopting technologies that cause the growth rate of economies to differ. Therefore, we
opted to study India, Indonesia and Japan. These three countries were subject to
exogenous influences both in technology and human capital development. But, whereas
Japan is an example of a successful developer, India and Indonesia lagged behind. The
next sections address the differences among these countries. In section 2 we review the
data and the models. In section 3-5 we look at three ways to distinguish between the
two branches of the new growth theories. This results in an interpretation in section 6.
The paper ends with a brief conclusion

2 A fourth way isto insert initia GDPin the equation to test for conditional convergence. If the
coefficient of initial GDP isnegative, countries with ahigher level of GDP show |ess economic growth,
i.e. thereis conditional convergence. In theory only the neo-classical growth mode exhibits conditional
convergence. Therefore, this method is used in many studies as atest for the presence of endogenous
growth. However, aso the neo-classical theory can sustain divergent economic devel opment, for example
if countries have changing adaptation and absorption capabilities of technology.



2. Theory and data

One can divide the new growth theories into two groups. One group, traced back to
Lucas (1988), sees human capital as a factor of production. They define human capital
as ‘skills' that are to some extent rival and excludable, that isthey are part of a physical
person. The other group, coming from an article by Romer (1990), defines human
capital as ‘knowledge’ and ‘ideas’ that are non-rival and partly excludable.

Empirically, the difference between the two groups of theories is that
endogenous growth in the theory of Romer (1990) is caused by accumulating
technology (or knowledge), and thereby he establishes a relation between the level of
human capital and economic growth. In the theory of Lucas it is the human capital
formation itself that, by non-decreasing marginal returns, creates endogenous growth. In
short, to achieve endogenous growth, the effort needed to produce an extra unit of
human capital should be the same, independently of the level of human capital. This
assumption has been much debated. A possible explanation can be that persons with
higher levels of education more easily receive extra knowledge or skills. However,
there are other choices like a rising quality of human capital over time and increasing
intergenerational transfers of knowledge (L’ Angevin and Laib 2005). In the currently
used proxies of human capital, these qualitative causes are rarely accounted for and
hence empirical results are biased towards the model of Romer (1990) (see for example
Sianesi and Van Reenen 2003, 164).

To avoid this bias, we built an alternative human capital stock which, based on
the OECD (2001, 18) is defined as the knowledge, skills, and competencies
embodied in individuals that facilitate the creation of personal, social and
economic well-being. Please note that we excluded ‘ human attributes' from the OECD
definition as innate characteristics do not have an investment component. They may
make investments in human capital cheaper, thus raising returns, but do not play a
direct role in acquiring these returns. In other words, human capital consists of all forms
of knowledge acquiring while excluding innate abilities and the costs of reproducing
labour.



This human capital stock is constructed by summing all private and public
expenses on education, experience, forgone wages, and a residual term that captures
other factors such as ‘home education’.® The latter is calculated by regressing a dummy

Figure 1l
Per capita stock of human capital in India, Indonesia, and Japan, 1890-2000, 1990 Intl. USD
converted at PPP

2500 - 80,000
+ 70,000
2,000 +

+ 60,000
+ 50,000

1500+ ... India
Indonesia T 40,000
1,000 + -+ 30,000
-+ 20,000
................. - = : -+ 10,000

0 | | | | | | | | | | H o

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
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representing average years of education higher than the median value of all individuals
in a household survey on variables such as age, sex, marital status.* The per capita
human capital stock for India, Indonesia and Japan 1890-2000 in 1990 International
USD is given in figure 1. This figure shows that Japan (on the right axis) had a much
higher level of per capita human capital than India and Indonesia (on the left axis).
India and Indonesia show a strong logistic curve as is common for many social
indicators in developing economies. But the growth in per capita human capital in
Indonesiain the first half of the twentieth century is higher than in India.

3 However, the theory of Romer (1990) includes ‘ideas’ which are difficult to capture in any human
capital stock. Therefore, a direct comparison between the theories of Lucas (1988) and Romer (1990),
using our estimated human capital stock, might not be altogether fair. Y &, there is a strong correlation
between those two forms of human capital which makes it possible to at least compare them in the
different growth theories (see for example: Portela, Alessie, and Teulings 2004).

* A more extensive description of the construction of the stock of human capital can be found in:

B. van Leeuwen, ‘ Alternative Estimates of the Formation and Stock of Human Capital in Japan in the 20™
Century,” Preliminary paper, 2006. This pape can be found in the papers section at
www.humancapitalproject.nl. Although this paper only discusses Japan, the estimates for India and
Indonesia are done in the same manner.



http://www.humancapitalproject.nl.

Using these estimates of the stock of human capital, a series of *average years of
schooling’ in the population, and series of per capita GDP (Maddison 2003; Roy 1996;
Van der Eng 1992), we will look in section 3-5 at the distinctive features of the two

branches in new growth theory and try to relate them to economic growth.

3. Marginal returnsto human capital accumulation

3.1 Introduction

A distinctive feature of the theory of Lucas (1988) is that human capital is viewed as a
factor of production. Therefore, if there isto be endogenous growth, it hasto come from
constant or increasing marginal returns to human capital accumulation. These constant
or increasing marginal returns can exist in the second sector, where human capital is
used as an input to form human capital. If in this second sector there are decreasing
returns (the higher the level of human capital employed in this sector, the smaller
impact it will have on human capital for mation) the system approaches a steady state
level of output and zero growth.

There are thus two sectors. In the first (productive) sector, human and physical
capital is used to create income (or goods). In the second sector only human capital is
used to produce human capital which can be employed in the productive (first) or in the
human capital producing (second) sector.®> As pointed out, only if there are constant or
increasing returns in the second sector, there is endogenous growth® and the Lucas-
Uzawa model (Lucas1988; Uzawa 1965) may be applicable to economic development.
It can be applied even if there are decreasing returns in the second sector. In the last
century the time spent on human capital accumulation ((1-u), see equation 1) grew
steadily, sometimes in an explosive rate amost everywhere in the World. Even with
diminishing returns, this may have led to an increased growth rate. We will therefore
test whether constant or increasing marginal returns are present in the second sector
and, if decreasing returns are present, if there still is Lucasian growth.

Say, we start with the standard equation in which per capita human capital
formation takes place with human capital as an input. If an increase in the stock of
human capital requires an identical effort no matter whatever level previously attained

(non-decreasing marginal returns), and assuming constant returns to scale:

® In Rebel0's (1991) mode physical capital is employed in the second sector as well.
® In other words, if the growth rate of the human capita that is formed in the second sector does not
depend on the level of human capital employed (constant returns), there is endogenous growth.



fic, =hc,B(1- u,)- che, (1)
, where hé isthe increase of human capital, and d is its depreciation. Further, B(1- u,)
indicates human capital accumulation. In other words, B is a technical parameter
indicating factors that influence the efficiency of investment in human capital and
(1- u,) is the time spent on human capital accumulation. We can rewrite equation 1
independent of its level:

fc /hc, =g, =B-u)-d (2
In other words, we simply have to estimate a regression in which the growth of the per
capita human capital stock is regressed on the time spent on acquiring human capital
(here assumed to be ‘average years of schooling’) and a constant (capturing
depreciation).

In sum, there might be a connection between the growth of per capita human
capital and the time spent on human capital formation. If B is positive, constant or
increasing marginal returns are present.” Yet, whether this relation is stable or even
constant, is questionable. Thus we start with plotting this relation over time. Than, we

move on to regression analyses.

3.2 The relation between the growth of human capital and time spent on human capital
formation
As pointed out, constant or increasing marginal returns to human capital accumulation
mean that if the time spent on education rises by the same unit, the growth of the stock
of per capita human capital remains the same, or rises. In other words, in equation 2, the
B is positive. This is made visible in figures 2-4 below. These figures plot on the
horizontal axis ‘average years of schooling’, (1-u), and on the vertical axis the growth
rate of the per capita human capital stock (Igict / hc, ). They thus show the development
of B over time, assuming depreciation constant.

Please note that equation 2 assumes constant marginal returns. Without constant
marginal returns, equation 2 must be written as:

hc, /he, =g, =B(1- u, )’ hc? - o (3)

, Where b>1 gives increasing returns, b <1 diminishing returns, and b =1 constant

returns. As Monteils (2002) assumes, following Lucas (1988) that B is constant, this

" In this specification it isnot possible that B is negative because we argue that 1-u increases the stock of
human capital. B must be positive for this.



means that if the coefficient B of equation 2 decreases, this is because the relation
between (1-u) and the growth of human capital is non-linear. In other words, if she finds
a negative coefficient, this cannot be caused by decreasing efficiency (B) as this was

assumed constant, thus it must be caused by the situation that 6 <1, i.e. diminishing
marginal returns. Equally, a positive coefficient would mean that b >1, thus suggesting

increasing marginal returns. Following the line of reasoning of Monteils (2002), we
may infer that if the trend in figures 2-4 is downwards, there are decreasing marginal
returns, if it is upward, there are increasing marginal returns, and if the relation in
insignificant (a horizontal line), there are constant marginal returns to an investment in
human capital.

The figures show a remarkable pattern. Figure 2, for Japan, shows an almost
constant relation until around 5.6 years of education and a fast declining trend between
5.6 and 6.7 years of education in the population. As we move forward in time, the
‘average years of education’ aso rises. So, thisfigure displays a development where 5.6
years of education corresponds to circa 1939 and 6.7 years to 1948. After 1975 there is
aclear upward trend.

The same pattern can be found in tables 3 and 4 for Indonesia and India. For
Indonesia we find a decreasing trend until around 1957, a flat line between 1957
and1987 and a strong increase afterwards. In India we found arising trend until 1953, a
declining trend from 1953 to 1981, and an increase from 1981 to 1997.2 All three

Figure 2
Relation between average duration of training and growth rate of the human capital stock in

Japan

8 Itislikdy that this different pattern for Indiaisthe result of the focus on secondary and higher
education at the start of the twentieth century.
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Figure 3
Relation between average duration of training and growth rate of the human capital stock in
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Figure 4

Relation between average duration of training and growth rate of the human capital stock in

India
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countries thus show periods of decreasing, constant, and rising trends in B.? This means
that in all three countries there are periods of increasing, decreasing, and constant

marginal returns to human capital accumulation.

3.3 Regression analyses

This interpretation is also used by Monteils (2002). Using such scatterplots and
estimating equation 2, she found strong evidence in favour of decreasing marginal
returns to human capital in France. Y et, there are two problems with her findings. First,
as indicated in the previous section, she assumes the efficiency of human capital
accumulation (B) congtant. This is a strong assumption as it is often argued in the
literature that, especially for less developed countries, there was a decreasing efficiency
of human capital accumulation in the decades after World War 11 (Stewart 1996, 332;
Van der Kroef 1960). Second, she uses illiteracy as a measure of human capital.
Illiteracy does not pick up the complete effect of human capital, especially not for
periods when the process of increasing mass education had been completed and was
replaced by increasing secondary and higher education. Consequently, using illiteracy
data in such an analysis, one is bound to find decreasing marginal returns to human

capital accumulation.

® Although thisis an assumption which we cannot test here, we expect that the pattern of decreasing and
later increasing marginal returns to human capital formation are present in most developing countriesin
the twentieth century. The reason isthat they start with masseducation in thefirst half of the twentieth
century with generally low financial means, low quality of education, and a strong substitution of non-
formal for formal education. The actua growth of the stock of human capital isthusfar lower than the
risein ‘average years of education’. Thisis different in the 1960s-1980s when those countries as well as
foreign institutions strongly invested in education. Furthermore, most substitution of non-formal into
formal education had by then already taken place.



In table 1, we found for India and Japan a negative coefficient of ‘average years
of schooling’ (the first regression for each country. Indeed, if we would draw a trend
line through figures 2-4, we would find a decreasing trend (and therefore decreasing
marginal returns). However, it does not decline as fast as Monteils finds for France. In

addition, we even find a positive coefficient for Indonesia. Therefore, it is clear that our

Table 1: Estimation of the marginal returnsto human capital accumulation*
EXPLAINED VARIABLE, DINNC, : Growth of humen capital stock (Total human capital)

Japan ! Indonesia India

, ©) &) ; ©) &) ; ©) &)

| Coefficient U Coefficent U ! Coefficient U Coeffiient U ! Coefficient ~  Coefficent &

I value value value value value value
Duration of 1 1
training -0.020 -11.3 -0028  -161 | 0011 13.9 -0.016 -8.81 | -0.010 -8.55 -0.040 -8.05
Squared
duration of 0.001 7.71 | 0.003 152 ! 0.003 6.22
training : :

R? 0.87 0.92 P092 0.97 P07l 0.79

*The dummies, constant (picking up depreciation), and trend are not reported

results differ from those of Monteils (2002) mainly because we estimated a new human
capital stock that includes aspects such as the quality of human capital, thus making the
existence of constant or increasing marginal returns more likely. Indeed, we also found
in figures 2-4 that there are periods of increasing, constant, and decreasing marginal
returns for all three countries.

This finding provides some evidence against the literature that criticizes the
assumption of constant or increasing marginal returns (see for example Gong, Greiner,
and Semmler 2004; Monteils 2002). Indeed, many other authors have argued there are
good arguments for assuming constant marginal returns (Bratti and Bucci 2003; Glaeser
1994). However, we can bring this one step further as even the finding of periods with
decreasing, increasing, and constant marginal returns is subject to a problem. As
pointed out, it assumes the efficiency of human capital accumulation, B, to be constant.
Indeed, it has even been brought forward that the decrease in marginal returns causes a
decrease in efficiency (B) of the second sector (the sector in which human capital is
formed) and not by decreasing returns. For example Foldvéri and Van Leeuwen (2006)

10



argue that B may change, and there might be non-constant returns simultaneously. So
with a 2™ order polynomial, you capture the latter directly. *°

To capture this effect, we estimated an alternative specification, including
‘average years of schooling’ sguared as suggested by Foldvéari and Van Leeuwen
(2006). The results are presented in table 1 (the second regression for each country).
The interpretation is ssmple. Taking the marginal product results in the situation that
only the coefficient of ‘average years of schooling’ squared indicates the relation
between the time devoted to human capital accumulation and human capital formation.
Only if thisis positive and significant, there are increasing returns.*! Table 1 shows that
for all three countries these coefficient are positive and significant which shows that,
without the possible inefficiency, Lucasian growth would be present in all three
countries.

But is there inefficiency? Indeed, looking at figures 2-4, it is difficult to escape
the idea that technical inefficiency in the second sector plays an important role. Given
the periodization of the peaks and troughs, we expect that this decline in B is subject to
the rise in mass education as al troughs (except for Japan which developed its
education system earlier) signal periods of fast rising education levels. This can clearly
be seen in Indonesiain figure 5.%2 Comparing figure 5 with 3, we see that for the period
1940-1990, when there was a fast increase in average years of education, there was a

decline in marginal returns. Or, differently, an extra input in human capital did not

10 Admittedly, rewriting thisinto equation 1 gives strange results. However, empirically thisis the easiest
way to solve the problem. If Lucas's assumption of constant returns in the second sector holds, the
marginal effect of (1-u) on the growth of HC stock equals B. Monteils (2002) estimates the eguation
DIinhc=B(1- u), and argues that if B decreases while (1-u) grows, there must be decreasing returns,

i.e. no endogenous growth. However, thisis only trueif the only factor that influences the margina effect
of (1-u) on the growth of human capital has decreasing returns. This becomes different if we alow for a
‘technica efficiency’ (productive efficiency in the second sector). Therefore, when we use

B(1- u) +a(l- u)?, themarginal effect of (1-u) on the growth of human capital becomes
B + 2a(1- u). Thereby we decompose the observed marginal effect into two parts: an effect not directly

dependent on (1-u), denoted by B (technica efficiency), and a part which directly depends on thelevel of
(1-u) denoted by 2a (margina returns). If 2ais positive and significant, thelarger level of (1-u) leadsto
increasing growth of the human capital stock, i.e. increasing returns (endogenous growth). If 2ais
negative and significant there are decreasing returns (thus no endogenous growth, at least not without
positive external effects) and, if 2aisinsgnificant, there are constant returns (thus Lucas's assumption
holds and this results in endogenous growth).

1 Aswe take the marginal product of a squared variable, we have to multiply the coefficient with 2 in
order to get the actud effect of time on human capita formation. However, this does not change the
finding of the sign or significance of the coefficient.

12 Here, the dip in the growth of ‘ average years of schooling’ is mainly caused by the turmoil surrounding
the coup against Sukarno in the early 1960s. During this periods, many secondary schools where closed.

11



Figure5
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result in the same increase. This is aso partly caused by the decrease in spending on
education that took place in that period. The average per student expenditure on
education in 1990 rupiah decreased from 156,000 in the 1930s to 28,000 in the 1950s
after which it slowly increased again. The same patterns can also be found in India. For
example, in India before 1953, the growth of ‘average years of education’ was with
2.9% smaller than the 3.2% after 1953. Equdly, per student public and private
expenditure decreased from 875 constant 1990 Rupee per student in the 1930s to 569
Rupee in the 1940s. Only from the 1980s, when the marginal returns started to increase,
Figure 6

Per student private and public expenditure on education in constant 1990 yen in Japan, 1890-
2000

1,600,000 -
1,400,000 -
1,200,000 -
1,000,000 -
800,000 -
600,000 -
400,000 -

200,000 -

0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

12



the per student spending again approached the level of the 1930s. In Japan, however,
the faster growth of ‘average years of schooling’ had already taken place before 1950
(2.3% versus 0.8%). Equally, in Japan there was no significant decline in per student
expenditure on education. As figure 6 shows, both before 1940 and after 1945 there was
an increase in per student expenditure, with a temporary decrease during World War I1.
Thus whereas in India and Indonesia the decreasing marginal returns may be attributed
to decreasing efficiency in human capital accumulation and decreasing quality of
human capital, this was not the case in Japan.

The analysis in this section suggests three things. First, in India and Indonesia,
during a period in which the strong rise of formal education took place, it is likely the
efficiency of human capital accumulation, B, declined. Using the model of Monteils
(2002), this can result in falsely rejecting the presence of increasing marginal returns.
Second, during the strong rise of mass education after World War |1, combined with
free market policies, a decline in per student government spending took place in India
and Indonesia. As increasing returns are also dependent on an increasing quality of
human capital, this makes the presence of diminishing marginal returns more likely. It
remains unclear, however, if the correction for the increase in technica inefficiency is
enough to correct for diminishing marginal returns caused by a decline in the quality of
human capital. Nevertheless, whether or not diminishing returns are present in India and
Indonesia in this period, Lucasian growth remains present as, as we noted in section 2,
the time devoted to human capital accumulation increased strongly during this period
thus creating economic growth.™® Third, neither an increase in the growth of ‘average
years of schooling’ nor a decline in the quality of human capital took place in Japan
during this period. As neither decreasing technical efficiency of human capital
accumulation nor a decline in the quality of human capital can explain the diminishing
marginal returns in the second half of the twentieth century, combined with an
accelerating economic growth, this means that no Lucasian growth was present. Or, as
we will see in table 2 in the next section, where in India and Indonesia the level of our
newly estimated human capital stock, which includes both the quantity (average years
of schooling) and the quality (expenditure on education) of human capital, will be
negatively correlated with per capita GDP growth, this relation is likely to be positive in

Japan.

13 One could a'so argue that these are periods of Solowian growth.
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4. Level and growth effects of human capital

4.1 Introduction

So far, we have found some evidence which favour the theory of Lucas (1988) as an
explanation of the effect human capital has on economic growth, at least for India and
Indonesia. In Japan, however, after the 1950s, the diminishing marginal returns to
human capital accumulation could not be explained by inefficiency in human capital
accumulation or a decrease in quality of human capital. Yet, there is a second
distinction between the Lucas-Uzawa and Romer models. As pointed out in section 2,
Romer (1990) views human capital as an input in the R&D sector, thus creating
technological change. So, the level of human capital determines the rate of growth; it is
not a factor of production. Lucas (1988), on the other hand, sees human capital as a
factor of production, limited to the individual who possesses it (human capital is rival
and excludable) (Barro and Sala-i-Martin 2004). In other words, the growth of human
capital causes economic growth.

Empiricaly we can test the difference between the two theories by regressing
the per capita GDP growth on the level and the growth of the per capita stock of human
capital.** If the model of Romer is correct, we expect to find a positive and significant
effect of the level of human capital on the growth of per capita GDP. But, if Lucas is
correct, we expect to find a positive and significant effect of the growth of human

capital on economic growth. Of course, these two theories are not mutually exclusive.

4.2 A standard specification: the macro-Mincer equation

We start by estimating a macro-Mincer eguation. In the original micro equation, as
proposed by Mincer (1974), the log wage of a person is regressed on its education level.
And, in the original equation, age and age® were included to capture the effect of
experience. Yet it wasn't for long for this regression was also applied to macro-data. In
this class of regressions mostly the growth of per capita GDP was regressed on the
growth and level of the stock of human capital. Generally, GDP was used as the

14 Although this method is also used in the literature (see for example Portela et al. 2004), it is still worth
noting that Romer (1990) included human capital aso as a factor of production in his specification.
Therefore, initsdf, the finding of a positive and significant coefficient of the growth of human capital is
not enough to dismiss the Romer model. Y et, given our previous discussion on margind returnsand
given our finding (see table 2) that the growth of human capital has a negative coefficient in Japan and a
positive onein Indiaand Indonesia, we think that we might interpret these regressions as atest between
the Romer (1990) and Lucas (1988) models.
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dependent variable because 1) it was more readily available than other possible
variables such as average wage, and 2) GDP includes not only the private effect (the
effect of human capital on own income) but also the (positive) external effect. The latter
might be important as it is possible that human capital accumulation, although the
decision to invest rests for each person solely on its private benefits, has positive
externalities. An example of such positive externalities is the transfer of ‘ideas and
‘techniques’ to other, non-schooled, persons on the job.

Although some criticisms have been levied against the macro-Mincer™, it is till
arelatively simple way to get a gauge of the effect of the level and of the growth of the
per capita stock of human capital. We start with a basic equation:

DLny, =a +kt + b,OLny, , + b,Lny, , + byInhc,_, + b,DInhc, ; +¢, (4)
, Wherey is per capita GDP, hc is an indicator for the per capita stock of human capital
inyear t, tisthetrend, and e isthe error term. We used independent variables with one
time lag to avoid simultaneity.®

Equation 4 can be used to test for the difference between the theories of Romer
(1990) and Lucas (1988). If we find that the level of human capital has a positive and
significant effect on economic growth (i.e. b, is podtive and significant), this is
evidence in favour of human capital as a facilitator of technology. But, if the growth of
per capita human capital has a positive and significant impact on economic growth (i.e.

b, is positive and significant) this suggests that human capital may be viewed as a

factor of production following the theory of Lucas.

4.3 Estimation
We estimate equation 4 twice for each country using the estimated per capita stock of

human capital and ‘average years of schooling’. We include the last as comparison

'3 These macro-Mincer regressions generally exclude variables indicating ‘ experience’. Clearly thisisa
problem. It is argued that variables as life expectancy are dmost certainly related to the standard of
living. As a consequence, inserting average experience, which isrelated with life expectancy, would
create a smultaneity bias. This would reduce the effect of human capital on economic growth as part of
this effect works through life expectancy (Krueger and Lindahl 2001:1109-1110). Please note that the
opposite might also be true: by omitting life expectancy, the effect of human capital on economic growth
might be overestimated because part of the effect of life expectancy works through human capital. Other
worries concerning the macro-Mincer equation isthat it excludes physical capital. Just as with
‘experience’, excluding physical capital may cause arisein the effect of human capital on economic
growth.

16 This means that human capital may influence growth, but growth may influence human capital as well.
Admittedly, this methods, although much used in the literature, isnot perfect. However, aternatives also
have their problems. For example, the use of insrumental variables crucially depends on the choice of
instruments. Often, time lags of the independent variables are used which are weak instruments.
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because it is much used in the literature. We will include the newly estimated human
capital stock in the regression in logarithm and ‘average years of education’ without a
logarithm. Because of the underlying assumptions, the human capital coefficients of
both regressions will be directly comparable.*’

The results are presented in table 2.8 Although giving only rough indications,
the results are striking. First we notice that for the newly estimated human capital sock
all variables of the growth of human capital are positive except Japan. But in Japan this
coefficient is only just significant a the 10% level. In the same way, when using
‘average years of education’, the coefficients of the growth of human capital are
negative. Here the exception is Indonesia, but with an insignificant coefficient. Second,
it is interesting to see that the coefficients of the level of ‘average years of education’
are positive and significant. This is not the case when using our newly estimated human
capital stock. In that case, the coefficients of the level of human capital are either
negative or positive, but in all cases insignificant.

7 Generally, studies nowadays include ‘ average years of education’ in aregression (without a logarithm).
We, on the other hand, also have an estimated human capita stock in monetary terms which we include
in logarithmic form in the equation. So, how do we compare these two different human capital
coefficients? First we look at why the variable ‘average years of education’ is inserted without a
logarithm. This method is also advanced by, among others, Krueger and Lindahl (2001), Soto (2002), and
Topel (1999), who argue that the profit in year t from human capital depends on the profit in year O
multiplied with the discount rate and the years elapsing, i.e.

hc, =hc,(1+r)
, Where | arethe number of years of education. The subscript O indicates that we havetheinitial per capita
stock of human capital, for examplein 1970. Now taking logarithms, we get:

Lnhc, = Lnhc, + 1 In(1+r)

Now if @ =hc, and b, :In(1+ r), we can express the level of human capital as

Lnhc, =a + b,l
Thus, if we want to estimate aregression where we want to regress the growth of per capita GDP on the
log-level of the per capita stock of human capital, we get:

DLny =a + b,l
, Where | is the ‘average years of education’ and b, indicates the elasticity (how much percent the

growth of per capitaGDPrisesas| riseswith 1 year). Asa consequence, when taking one time lag, above
equation is equa to equation 4 with the exclusion of the growth of human capital and the lagged y-

variables, i.e. b;l correspondsto b, Inhc, ;. This means that in both cases what the equation actualy

saysisthat the growth of per capita GDP depends on the log-level of the stock of human capitd.

18 Although this specification is much used, some problems remain. The data may exhibit breakpoints and
the equations may suffer from an omitted variable bias, mainly due to the excluson of for example
physical capital. Also, it might in some cases be preferable to test the validity of the inclusion of an error-
correction component. Only if, after a regresson between the level of per capita human capitd and the
appropriate error correction variable, the residua is stationary (1(0)), we are not confronted with a
spurious regression, i.e. there is a cointegration relation. However, due to the long time series used and
due to the likely existence of breakpoints in the data such a regresson would be usdless as it would
normally result in argection of the cointegration relation. In addition, some of the dataare already in first
differences making such aregression unnecessary as most macro-economic dataare I (1).
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Because the many problems surrounding this class of estimations we can only
present some rough conclusions based on the sign of the coefficients. Just asis

Table 2 Resultsfrom a macro-Mincer equation for India, | ndonesia, and Japan 1890-2000 using per capita‘Total HC' and ‘average year s of education’ as
estimates of the growth and level of human capital**

Dependent variable: DIN VA

Congant
Trend

Diny, ,
Iny,.,
DInhc,_,
Inhc,_,

RZ

Obs.

AR1-1 (prob)
Normality(prob)

The variable hc = total human capital The variable hc = average years of education **
India Indonesa Japan India Indonesa Japan

Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-vaue Coefficient t-value Coefficient t-value

-0.348 -2.40 0.413 2.84 0.015 0.045 0.292 1.99 0.431 2.88 0.362 551

-0.001 -1.98 0.002 358 0.001 0.043 -0.0001 -0.571 0.00002 0.055 -0.002 -2.16

-0.049 -0.570 0.443 6.40 0.012 0.276 -0.074 -0.855 0.394 5.67 0.018 0.454

-0.015 0.831 -0.070 -3.48 -0.043 -2.32 -0.047 -1.92 -0.064 -2.85 -0.058 -5.80

0.015 0.084 1.096 2.85 -0.423 -1.69 -0.040 -1.29 0.006 0.065 -0.027 -0.689

-0.047 0.015 -0.008 -0.798 0.036 1.30 0.020 3.95 0.015 231 0.039 4.85

0.408 0.711 0.849 0.364 0.703 0.876

109 110 106 109 107 110
0.712 0.199 0.280 0.172 0.271 0.961
0.549 0.070 0.381 0.997 0.154 0.050

*Dummies not reported
**' average years of education’ isinserted in the equation without logarithms.

commonly argued in the literature, we found that the coefficient of the level of ‘average
years of education’ is positive, significant, but small, being between 1.5% and 4%.
Combined with a generally insignificant effect of the coefficient of the growth of
‘average years of education’ this explains why most studies end up favouring the
interpretation of Romer. Yet, this can be attributed to omitting the rises in quality of the
human capital stock (see Behrman 1983, and our discussion in the previous section).
This results in diminishing returns and thus a rejection of the Lucas-Uzawa model.
However, looking at the regressions with our newly estimated human capital stock, we
found, except Japan, a positive effect of the growth of human capital on per capita GDP
growth (for Indonesia this effect was even significant at 10%) while the effect of the
level was insignificant for India and Indonesia. For Japan, although not significant at
the 10% level, the t-value of the level of human capital still exceeded one, which, as a
rule of thumb, means that this variable is important for explaining economic growth.
These regressions seem to confirm our findings from section 3. India and
Indonesia had a positive effect of the growth of human capital (although not significant
for India), thus pointing into the direction of Lucasian growth. The decline in the

marginal returns found for Indonesia and India in the previous section thus can thus
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largely be explained by a decreasing technical efficiency, (B), and a decreasing per
student expenditure as an indicator of the quality of human capital. Japan, however,
experienced a positive effect of the level of human capital. This points in the direction
of Romerian growth, at least in the period after the 1950s when the marginal returns to
human capital accumulation started to decrease strongly.

5. Connecting level and growth effects with constant marginal returnsto human
capital accumulation

We saw that in table 2, with the exception of Japan, both the level of ‘average years of
schooling’ and the growth of the newly estimated human capital stock had a positive
effect on the growth of per capita GDP. This means that if the growth of human capital
determines economic growth while it is the level of ‘average years of education’ that
affects economic growth, the level of ‘average years of education’ must determine the
growth of the newly estimated stock of human capital. Thisis easy to see. We start with

Y_pipfe 5
y hc

, Where the growth of per capita GDP depends on the growth of the per capita estimated
human capital stock. This is roughly the equation describing the long-run growth in the
model of Lucas (1988). However, if we look at the level of ‘average years of

schooling’, we get:

Y g+jeduc (6)
y

, Where educ, the level of ‘average years of schooling’, determines the growth of per
capitaincome. Thisisthe regression following from the theory of Romer (1990).
However, combining equation 5 and 6 leads to:

g+jeduc=a +bﬁ @)
hc

, which can be rewritten in the following fashion:

fo_a-9.7 g (8)
hc b b

Therefore, the growth of human capital depends on the level of ‘average years of
schooling’. If we, as we have done in section 3, see ‘average years of schooling’ as a
proxy for the time devoted to human capital accumulation, we end up with exactly what

Lucas argues to be the main source of endogenous growth: constant (or increasing)
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marginal returns to human capital accumulation which is present in Indiaand Indonesia.
Completing this way of thinking, one may (somewhat exaggerating) argue that studies
that find evidence in favour of Romer’ s theory from regressions based on average years
of schooling as a proxy for human capital, basically confirmed Lucas theory without
being aware of it (see for example Benhabib and Spiegel 1994; Krueger and Lindahl
2001, Portela et al. 2004).

6. Some suggestive interpretations of economic growth

6.1 A successful developer: Japan

From figure 2 it seems there are constant margina returns to human capital
accumulation in Japan until around 1939 and diminishing returns afterwards. This
implies Lucasian growth in the first half of the twentieth century. However, after 1939,
there has been a turn to Romerian growth. An important indication are our findings in
table 2 where, contrary to India and Indonesia, the level of human capital has a positive
effect on economic growth as is the case in the Romer (1990) model.

But why took this shift place in Japan and not in India and Indonesia? We
distinguish four points. A first point is that the efficiency of the education system was
higher in Japan than it was in India and Indonesia. Education better connected to society
and economy in Japan than was the case in India and Indonesia. Though, besides the
ideal of creating a strong state, economic and social developments led to educational
development in Japan after the Meiji restoration in 1868, in India and Indonesia, asin
most developing economies, it were largely ideas of ‘creating an indigenous class of
literati’, a “moral duty of the colonizer country’, nationalism, and, after World War 11,
the ‘idea of progress by education’, ‘lack of finances, and ‘policies of international
organisations' that drove their educational development. In other words, it were often
global, or at least external, factors that influenced the education systems of India and
Indonesia (Ramirez and Boli 1987, 10; Stewart 1996).

The differences in the efficiency of the education systems have three results. First,
being atechnical problem, in section 3 we noted inefficiency (in B) in the second sector
to be present in India and Indonesia in the mid-twentieth century. Given the test used,
this caused diminishing marginal returns to human capital accumulation. Yet, after
correcting for inefficiency in B, we found increasing marginal returns. But no such
inefficiency seems to be present in Japan. Thus we cannot argue, as we did for India

and Indonesia, that other factors caused the diminishing returns and that Lucasian
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growth remained present. Second, because Japan experienced a more economy centred
development, its education system started to develop earlier than was the case in India
and Indonesia. Thiswe also see in figure 1 where the per capita stock of human capital
of Japan around 1900 far exceeds those of India and Indonesia. Because Japan already
had a far higher education level around 1950, further educational growth was unlikely
to be accompanied by constant marginal returns. For example, if there are already 10
teachers for each student, to add an eleventh teacher will not add much to human capital
accumulation. Third, a better educational development also raised income, especially
because there was a closer connection between human capital and the labour market. A
higher income a head in turn created the opportunity to keep expanding educational
spending even in the 1950s and 1960s. So, whereas India and Indonesia where trapped
in vicious cycles of low per student spending and fairly low growth, Japan was in a
virtuous cycle with high growth and fast rising educational spending. Therefore, Japan
did not only develop earlier but also faster in education.

This brings us to the second point why Japan experienced a shift from Lucasian
to Romerian growth. It is likely that, because Japan developed earlier and faster, it did
not have to face constraints that were present for later developers. As pointed out in
section 2, Lucasian growth implies human capital accumulation. But this can also affect
economic growth through adopting (foreign) technologies. As has been argued by
O’'Neill (1995, 26), the level of education causes convergence among countries.
However, this convergence is reversed for developing countries by human capital
biased technological growth, which increases the rate of returns for higher education
and thus favours the developed world. In other words, technology causes growth.
Because technological development nowadays requires secondary and higher education,
in which the developed countries have a relative advantage, developed countries profit
more from new technologies than do developing countries. Japan, however, is clearly
ahead in education development compared with India and Indonesia. In 1950 the
average years of schooling in Japan was 6.9 years against 1.8 in India and 1.5 in
Indonesia

Third, unlike India and Indonesia, Japan had an educational development large
enough to create an extensive manufacturing sector. Initially Japan witnessed a dual
economy where artisan industries coexisted with modern industries. This caused an
equal division of wages and thus of educational development. This combination of

artisan with modern industries was special for Japan compared to India and Indonesia.

20



Thisis combined with the situation that Japanese agriculture is labour intensive because
of the small plots of land (Buchanana 1923, 550). Many of those professions without
land such as blacksmiths, day workers, or cotton mill workers, were filled as
agricultural by-employment. As an effect, wages in these professions remained almost
equal to farm wages. Therefore, the growth of manufacturing was possible by low
wages and a high availability of skills, which in turn created the opportunity to acquire
more technology (Mayer 2001, 19).

Because of the technological and human capital development, as a fourth point
Japan came increasingly closer to the technological frontier. The government sponsored
industrialisation and rising skill levels caused a separation of not only factory industry
but also artisan industries from agriculture. As aresult, wages diverged and the demand
for higher skills became more pronounced. For example, as a rule only those who have
finished the six year elementary course were employed a the mills (National
Confederation of Industrial Associations of Japan 1937, 7). This made it preferred to
create new technologies to reduce the wage bill and increase productivity. This
approach of a threshold level is also acknowledged by Kim and Oh (1999, 13) when
they argue that “[flor economies in which government take initiatives for industrial
development, their lion share of resources is usually allocated to strengthen the supply
side of technology, such as training manpower, supporting basic science, and
establishing public R&D institution. (...) Once their accumulated level of capability
reaches a certain level of supply, (...) then the demand for technology will be motivated
indigenously.” They find that Japan had passed this threshold level in the second half of
the twentieth century.

6.2 Late-comersin economic development: India and Indonesia

In India and Indonesia Lucasian growth seems to be present over the entire twentieth
century. Figures 3 and 4 show for both countries extended periods of increasing and
diminishing marginal returns. But table 2 in section 4 shows a positive effect of the
growth of human capital, suggesting Lucasian growth. Also, regression 2 in table 1
showed that in a primitive way correcting for inefficiency in human capital
development results in the removal of diminishing marginal returns. This suggests that
either there were no periods with diminishing marginal returns or the periods that were

present did not mark an end to L ucasian growth as was the case in Japan.
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But why was this the case? First, using the Monteils (2002) model, just as in
Japan there are troughs in the marginal returns. But unlike Japan, this can be explained
by increasing inefficiency in human capital formation (B). Second, the quality of human
capital in the 1950s and 1960s decreases. This process, which is common among
developing economies, is caused by a large rise in government spending on education,
replacing private expense, and global policies that favour market forces to cause
educational development. Combined with a lack of financial means, this leads to low
per student investment in education (Stewart 1996; Tilak 1984).

Third, as we argued in section 6.1, in Indonesia and India human capital is only
loosely connected to the labour market. For example, in Indonesia before Independence,
there was a dual educational structure for Indonesians and Europeans. Yet, it was
difficult for educated Indonesians to enter the labour market. Indonesian enterprises
were largely artisan and, as aresult, not so much suited for educated Indonesians. As an
effect, educated Indonesians were almost entirely working in the Government sector
and the remainder in the European industries. Only a few were self-employed or had
jobs in Indonesian enterprises. This vision is confirmed in a report about the metal
industry at Surabaya in 1926. This industry was largely European, but employed many
Indonesians. Of these Indonesians there are data about their education level, not only of
western but also of Indonesian education (see table 3). Interestingly, we see that a low
level of about 7% of the Indonesian employees was educated. We also see that from this
7% by far the largest share had been enrolled in Indonesian education. Because the

Table 3: Indigenous employees in the metal industry
in Soerabaja in 1926*

Education level % employees
No education 92,6%
Indonesian primary school 5,4%
European primary school 0,7%
Dutch-Indies school 0,6%
K.E.S. Secondary technical school 0,0%
Indonesian vocational school 0,1%
Burgeravondschool 0,2%
Other schools 0,3%

* 28 enterprises
Source: A.G. Vreede (1926, 10)

metal industry demanded a fairly high education, this figure is higher than it would be
for most other industries. Therefore, it is not likely that Western, or Indonesian
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education for that matter, for Indonesians was a way to develop the indigenous
economy (Hollandsch-Inlandsch onderwijs-commissie 1930, 26).

Fourth, Lucasian growth means that productivity per employee grows if human
capital grows. This can be reached by adopting new technologies. But, clearly, India
and Indonesia lagged behind the western countries and Japan. This makes it difficult to
adopt new technologies, not only because technology is often biased toward higher
education in which developed countries often have a comparative advantage (see
O’ Neill 1995), but also because it is often politically difficult to modernize as this will
cause social unrest.’ An interesting example can be found in textiles in India and
Indonesia. In India, caused by high wages, labour unrest, taxation policy, and
bureaucratic control, it were the handloom weavers and the small powerloom operators
that experienced rapid growth during the 1960s while the larger-scale sector (textile
mills, mainly found in the metropolitan areas) declined. Wages in mills, for example,
could be up to three times as high compared with more modern powerloom operators
(RoyChowdhury 1995, 233). In the mid 1980s more market forces were let in but this
did not reverse the trend. The same was true in Indonesia where the textile industry,
which had known already a large growth after the 1930s partly because of a protective
policy of the colonial government, continued to grow under the same policy after
independence. Because the lack of competition, however, the number of powerlooms,
even after independence, remained small compared with handlooms. At the end of the
1950s and the start of the 1960s this industry was using only some of its capacity.
Problems were the shortage of spare parts, lack of skilled labour, and especially the
shortage of raw material (raw cotton and yarn) (Pamer and Castles 1965, 41). Thiswas
because the spinning industry could not supply enough yarn. And, much yarn, imported
by the State Trading Corporations, was sold on the free market, reducing its availability.
Also, the yarn that did enter the producers hands direct through quota had to be paid
for in advance. Many smaller producers could not pay the quota and gained it by
working for intermediaries who paid the quota, or through selling their quota to larger
and more efficient producers. In this way the larger producers got more raw materials
(Palmer and Castles 1965, 43). Under Sukarno’s licensing system it was thus profitable
to have a license for a loom even though it was a handloom. Then you could obtain a

guotum of yarn, which could be sold to larger and more efficient producers (Boucherie

% For example, Clark (1987, 168-169) arguesthat the local environment has a strong influence on
whether workers are willing to adopt more or different machines.
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1969, 55). This allocation system was abolished in 1967 and the channelling of yarn
was left to market forces. Nevertheless, productivity rose slowly, even in the modern
(powerloom) sector. Inthe larger factories that could have had economies of scale there
were old looms often from the 1930s and 1940s while the smaller factories used more
modern looms but had no economies of scale (Boucherie 1969, 58). These two
examples suggest that political and technological barriers for later developers could be
an important reason of lower efficiency and growth in these countries.

But there is also a fifth reason these countries suffer from lower growth. Barro
and Sala-i-Martin (2004) intuitively developed an imbalance effect of the stocks of
human and physical capital in the Lucas model. When the ratio of physical to human
capital exceeds the equilibrium ratio (there is too much physical relative to human
capital), economic growth declines. When the ratio of physical to human capital rises
(there is too much human relative to physical capital), economic growth increases.? I
one wants to increase economic growth, it is thus preferable to have an excess of human
capital. But an excess of either human- or physical capital reduces the returns of the
abundant factor and therefore more will be invested in the scarce factor. Y et, whether
countries can get a growth bonus in this way is also dependent on technology. If
technology is labour biased, which it usually is, then in countries where the elagticity of
substitution between skilled and unskilled labour is small, the price effect dominates
and technology isdirected at the scarce factor of production. That is, if human capital is
abundant relative to physical capital, technology is directed at unskilled labour and vice
versa. But in countries with a high elasticity of substitution, the market effect dominates
and technology is directed toward the abundant factor (Acemoglu 2002).

As pointed out, countries with a higher educational development (and a higher
economic development) show Romerian growth which does not know an imbalance
effect. Indeed, if we, like Grandville (1989, 479), see the elasticity of substitution as‘a
measure of the efficiency of the productive system’, we may argue that countries with a
lower efficiency of human capital (or a less strong connection between human capital
and the economy) suffer from a low elasticity between skilled labour (as a measure of
human capital) and unskilled labour. So, it is likely that developed countries have a

2 Empirically it isalso possible that in both cases economic growth increases.

24



higher elasticity®!, but as we have seen for Japan, are in a phase of Romerian growth
where this imbalance effect is of less importance.

This has the interesting result for developing economies that, when there is an
excess supply of physical capital, technology is focused at skilled labour (which is the
scarce component in the relation between skilled and unskilled labour). This increases
the productivity of skilled labour, increasing its returns, and thus slows down
investments in human capital to arrive again at the equilibrium ratio of human to
physical capital. Conversely, if there is an excess supply of human capital, technology
will again be directed at the scarce factor (unskilled labour). As physical capital is not
necessarily solely embodied in unskilled labour, there is no reason investments in
physical capital are slowed down. Therefore, in countries with a low elasticity of
substitution, adapting to the equilibrium ratio from an excess supply of human capital
will be faster than from an excess of physical capital. As the former increases growth
while the second reduces it, the overall long-run effect will be negative. In other words,
a low dasticity of substitution between skilled and unskilled labour as is likely to be
found in developing economies causes a decline of their steady state growth because the
positive effects of the imbalance effect are outweighed by the negative effects.?

7. Conclusion

In this paper we tried to apply the two main branches of the new growth theories on the
economic development of three countries that were initially for a large part dependent
on adopting education and technology: India, Indonesia, and Japan. But where the latter
proved successful, the former two lagged behind.

We tried to use two formal tests to find out which growth theory best described
the link between human capital and economic growth. We distinguished two classes of
endogenous growth theories. First, there is the model of Romer (1990) where human
capital is seen as a factor facilitating R&D and in this way increasing technological

growth. Second, there is the theory of Lucas (1988) who sees human capital as a factor

2 A low elasticity of substitution seemsto be especially prevalent in devel oping economies. We found
that the el asticity between the skill premium and the skilled wage (and as a consequence the el asticity
between the unskilled and skilled labour) was much higher in Japan than in India and Indonesia.
However, eagticities above 1.4 between skilled and unskilled wage (between high school and college
labour) were aso found for the United States, Canada, and the United Kingdom by Katz and Murphy
(1992: 72) and Card and Lemieux (2001: 734).

%2 Indeed, that a higher dasticity of substitution may increase steady state growth is also argued, for the
Solow model, by Rainer Klump and Harald Preissler (2000). The main difference isthat we argue that it
works through the imbalance effect.
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of production. We used this difference to test the applicability of each theory to
economic growth.

The firgt test, following Monteils (2002), is based on the situation that in the
theory of Lucas there are two sectors. In the first sector, human capital is used to
produce output while in the second sector human capital is used to create new human
capital. Therefore, if one ignores positive external effects of human capital, endogenous
growth can only be possible if there are constant or increasing marginal returns to
human capital accumulation. We found extended periods with constant or increasing
marginal returns. This evidence supports the applicability of the Lucasian growth. If
efficiency in the second sector has the shape of atrough parabola, we found for all three
countries increasing returns. However, though rising growth of ‘average years of
schooling’ and a decreasing quality of human capital can explain the diminishing
marginal returns in India and Indonesia, this cannot provide an explanation for Japan in
the second half of the twentieth century. Therefore, though India and Indonesia suffered
from periods with increasing, constant, and diminishing marginal returns without
leaving the phase of Lucasian growth, Japan moved from Lucasian growth in the first
half of the century to Romerian growth in the second half.

This was confirmed in the second test. Here we regressed the growth of per
capita GDP on the level and growth of per capita human capital. Given that Lucas
(1988) saw human capital as a factor of production, the growth of human capital should
have a positive influence on economic growth. As Romer saw human capital only as an
input in the R&D sector, in his theory the level of human capital should have a positive
effect on economic growth. Our regressions resulted, except for Japan, in positive
coefficients of the growth of human capital and insignificant coefficients of the level
thus suggesting Lucasian growth. In Japan, with a positive coefficient of the level of
human capital, there are strong signs of Romerian growth in the twentieth century.

Why did Japan move from Lucasian to Romerian growth and India and
Indonesia not? We attributed this to four causes. First, in India and Indonesia, the
education systems were less connected to the economy and thus less efficient. Second,
the quality of human capital, measured as total per student spending on education,
decreased strongly in the mid-twentieth century. Third, because Japan developed earlier
obstacles in acquiring technologies were less pronounced. We referred to economic
obstacles (a bias of technology to higher education in which developed countries have a

comparative advantage) and political obstacles (institutions and policies that are
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harmful for technological modernisation). Fourth, in developing countries, technologies
may be biased toward the scarce factor of production. In combination with an
imbalance effect caused by Lucasian growth, this may in some cases result in an on

average negative effect on steady state growth.
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