
Economics of Education Review 23 (2004) 47–55
www.elsevier.com/locate/econedurev

Does education at all levels cause growth?
India, a case study
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Abstract

This paper seeks to examine the impact of education on income growth in India for the time period 1966–1996.
Education is broken down into the categories of primary, secondary, and tertiary. Time series techniques are used to
determine whether education, for each category, has a causal impact on growth. Furthermore, the education variables
are also broken down by gender and analysis is carried out to determine whether the causal results vary by gender.
The results indicate that primary education has a strong causal impact on growth, with more limited evidence of such
an impact for secondary education. Finally, the evidence is quite compelling that it is female education at all levels,
that has potential for generating economic growth.
 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Traditionally, economic theory has emphasized physi-
cal capital accumulation as the most robust source of
economic growth, at least in the short-run, with exogen-
ous technical change being the long-run determinant of
growth. However, attempts to make the long-run source
of growth endogenous, rather than exogenous, led to the
emergence of the concept of endogenous growth (Lucas,
1988). This literature has emphasized the importance of
human capital as an endogenous factor of production to
explain economic growth. Existing growth literature
accepts education as one of the primary components of
human capital since education, other than improving pro-
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ductivity of labor, has certain spillover benefits meaning
that over and above benefiting the individuals who
receive it, it also benefits society.

There is an abundance of empirical literature linking
human capital to growth. The general consensus points
at a positive relationship between growth and schooling
though some recent papers have questioned this link1

leading to some research into the reliability of some of
the available aggregate evidence (Temple, 2001). In
comparison, there is even more limited and somewhat
unclear evidence concerning the significance and rel-
evance of different education levels to the growth mech-
anism.2 Moreover, much of the research related to human

1 Bils and Klenow (2000) and Pritchett (1996).
2 For example, whileBarro and Lee (1997)conclude that

primary and tertiary education have negative and insignificant
impacts on growth.Sachs and Warner (1995)find a positive,
but still insignificant impact of both primary and secondary edu-
cation on growth.
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capital is mostly based on evidence provided by cross-
country studies, which have not concurred on the meas-
ure of education.3 This study considers the education–
growth relation over a period of time in one country,
with a focus on different levels of education (primary,
secondary, and tertiary) and utilizing different measures
of education. In addition, this study also analyzes the
impact of education on growth by gender. Though some
cross-country empirical studies imply a strong link
between female education and economic development, a
consensus has yet to be found.4

The focus of this paper, as the title suggests, is the
impact of different education levels on India’s economic
growth. Over and above studying the correlations
between the variables of interest, the following specific
premises are tested: (1) whether changes in education are
responsible for or cause5 changes in economic growth
(presumed in existing empirical work but, to our knowl-
edge, not formally tested); and (2) do the relationships
tested above change when we segregate the population
by gender.

The rest of the paper is organized as follows. In Sec-
tion 2, the variables being used to measure education are
discussed, Section 3 provides a brief background of the
Indian economy and its educational status, Section 4
explains the methodology, Section 5 reports and dis-
cusses the results, and Section 6 concludes.

2. Variables and data

Various studies on human capital have used different
variables as proxies for education. The main reason for
this, other than the difference in conceptualizing edu-

3 Ahuja and Filmer (1995), Barro and Lee (1993, 1996,
1997, 2001), Benhabib and Spiegel (1994), Bils and Klenow
(2000), Gundlach (1994, 1995), Judson (1996), Lau, Jamison
and Louat (1991), Romer (1989, 1990) and Temple (1999) to
name a few.

4 For example, according to Barro and Lee (1994) and For-
bes (1997), this impact is negative and significant. Stokey
(1996) suggested that Barro’s finding is largely due to the
influence of four Asian countries (Hong Kong, Singapore, Tai-
wan and Korea) that have very high levels of growth but very
low levels of female schooling, and that deleting the female
education variable would cast doubt on the statistical signifi-
cance of the male education variable. Caselli, Esquivel and
Lefort (1996) found the impact of female education to be posi-
tive and significant. Knowles and Lorgelly (2002) find female
education to be important in raising labor productivity in the
long run.

5 In testing for a causal relationship, we use the causality
technique proposed by C.W.J. Granger (1969) and what is usu-
ally referred to as ‘Granger causality’ . Henceforth any mention
of the word causality in the text should be interpreted as
Granger causality.

cation, has been the lack of reliable data, especially for
developing countries. Typically, however, two different
variables have been most commonly used to measure
education: enrollment rates and ratios and average years
of education, commonly referred to as human capital
stock. In this paper, both these measures are incorporated
to proxy for human capital. First, enrollment ratios are
incorporated as a proxy for a flow of human capital. Pri-
mary, secondary, and tertiary enrollment rates consist of
the number of individuals enrolled at each level, regard-
less of their ages, as a percent of the total population of
appropriate age people at each level. These are based on
UNESCO’s classification of age group appropriate with
education level. Next, the growth rate of human capital
stock, measured as the change in the mean years of edu-
cation at each level, is analyzed. The same is repeated
for individual genders, though gender-specific data for
enrollment rates at the tertiary level are unavailable.

The time period for the study covers 30 years, 1966–
1996. Data are annual and made available from the
World Development Indicators database 1998 and 2001,
provided by the World Bank, and include the enrollment
variables and real per capita gross domestic product at
market prices (1995 constant US$). The Penn World
Tables 5.6 provides annual data for physical capital per
worker (1985 international prices). Data on human capi-
tal stock, measured as average years of education at a
particular level, are taken from Barro and Lee (2001).
Data on per capita GDP and the capital–labor ratio are
available for each year. However, data on enrollment
rates are available every 5 years between 1965 and 1975
and thereafter annually. For 1966–1969 and 1971–1974,
an exponential growth rate is calculated between the first
and fifth year and the interim years are interpolated pre-
suming an exponential smoothing process. Data on
human capital stock are provided quinquennially for the
entire period and the remaining years are filled in using
an exponential smoothing process. Measurement errors
are therefore likely for the human capital stock measure
but, apart from this being the only source of reliable data
on the measure, it is included since it is a more popular
a measure of education.

3. Some background

Gross enrollment data for primary, secondary, and ter-
tiary schooling levels are utilized as one of the measures
of education in this paper. Enrollment ratios are a useful
measure of education, though they do have some limi-
tations. For example, gross enrollment ratios are not lim-
ited by age requirements or repeaters, which has been
criticized on the grounds of leading to overstatement.
Indeed, enrollment ratios can exceed 100%. However, in
a country where compulsory education is not enforced,
net enrollment ratios based on specific ages lead to
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Fig. 1. Gross enrollment rates.
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Fig. 2. Male and female enrollment rates at primary level.

greater measurement error by not including students who
fall outside certain age guidelines.6 Fig. 1 depicts the
primary, secondary, and tertiary gross enrollment rates
for India. Enrollment rates above 100% indicate the
enrollment of students outside the appropriate age level.

Enrollment rates segregated by gender are also
included in this paper. Figs. 2 and 3 depict primary and
secondary enrollment by gender, and bring out the
marked differences between male and female enrollment
rates in Indian schools. Unfortunately, gender based edu-
cation data for tertiary enrollments are unavailable at this

6 Gajraj (1992) finds about 31 countries where at least 50%
of the students in grade 1 are older than the prescribed age.
Barro and Lee (2001) revise their “fi ll-in procedure” to include
gross enrollment ratios rather than net ratios since they find less
measurement errors associated with the gross enrollment ratios.
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Fig. 3. Male and female enrollment rates at secondary level.

time. It is clear from the figures that there is a large and
persistent difference between male and female
enrollment ratios. This gap has diminished marginally
over time, at the primary level, but has remained fairly
constant at the secondary level.

Next, variables representing the stock of human capi-
tal are taken into consideration. Human capital stock is
measured in terms of educational attainment, that is, the
average years of a particular level of education of the
population aged 15 and above. Fig. 4 shows that, on
average, the number of years of education at each level
is dismal. The largest years at any particular level and
the fastest growing is the primary level followed by the
secondary level, with tertiary averaging the fewest num-
ber of years. It can be seen from the above figure that
the human capital stock measure is typically lower than
the enrollment rates. One possible explanation for this
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Fig. 4. Human capital stock.
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Fig. 5. Human capital stock at primary level.

could be that new entrants to the labor force are only a
small fraction of those in work, hence, even large
changes in enrollment rates take a much longer time to
affect the average attainment level of the average popu-
lation to any noticeable level.

Human capital stock measures are also provided for
each gender. Figs. 5–7 show these for primary, second-
ary, and tertiary level, respectively. These three figures
show that regardless of level, the average years of edu-
cation at any particular level is higher for males as com-
pared to females. Additionally, the growth of human
capital stock also appears to be higher for males except
at the primary level. Thus, the basic difference between
genders is obvious with both enrollment rate measures
and human capital stock measures.
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Fig. 6. Human capital stock at secondary level.

4. Methodology

The basic definition of causality we use here is that
defined by Granger (1969). Granger defined causality as
testing whether lagged information on a variable X pro-
vides any statistically significant information about a
variable y in the presence of lagged y. Though Granger
causality has some limitations in application, such as
measurement errors (Newbold, 1978) or temporal aggre-
gation (Granger & Newbold, 1986), it needs to be under-
stood that what is important for making a correct
interpretation is the existence of some convincing theory
for applying the causal mechanism. The existence of
such a relation between education and growth has long
been established and studied and extending it to different
levels of education, to study whether or not this relation
is causal, seem logical.

In order to determine the causal relationship between
education and economic growth, the following hypoth-
esis is tested,

H0:E(�yt|�yt�1,

�yt�2,�yt�3…�yt-n,�Xt�1,

�Xt�2,�Xt�3…�Xt�m,

�Zt�1,�Zt�2,�Zt�3… �Zt�m) � E(�yt|�yt�1,

�yt�2,�yt�3…�yt�n,

�Zt�1,�Zt�2,�Zt�3…�Zt�m)

for all m � 0—No Granger causality. Against the alter-
native of,

H1:E(�yt|�yt�1,�yt�2,

�yt�3…�yt-n,�Xt�1,

�Xt�2,�Xt�3…�Xt�m,
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Fig. 7. Human capital stock at tertiary level.
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�Zt�1,�Zt�2,�Zt�3… �Zt�m)

� E(�yt|�yt�1,�yt�2,

�yt�3…�yt�n,�Zt�1,

�Zt�2,�Zt�3…�Zt�m)

For some m � 0—Granger causality.
Here the �y represents first difference of the log of

per capita GDP, �Z represents first difference of the log
of the capital labor ratio, and �X represents the first dif-
ference of the log of the education variables for each
education level. It may be a concern that each education
level is individually analyzed in each equation while
allowing the constant term to account for all other influ-
ences. This, while introducing some bias in the results,
increases the degrees of freedom while maintaining
reliability of the results by limiting the number of
explanatory variables (given the short time span being
covered). Doing this results in some loss of generality,
but it allows for the isolation and study of the causal
impact of each individual education level and, at the
same time, improves the degrees of freedom by reducing
the number of regressors. When considering the
enrollment rates, these are not further differenced to
arrive at growth rates since they are in percent form. All
other variables are represented in the first difference of
their logs. The variables representing growth of the capi-
tal–labor ratio and per capita GDP, respectively, are
common in each equation, keeping in line with a basic
neoclassical production function relationship with human
capital as an additional input.

In the gender-based analysis, the education variable
for each level pertains to one gender at a time for reasons
discussed above. This simplification avoids possible
error from correlation between the gender-specific vari-
ables themselves and, as mentioned earlier, allows for
the isolation and study of the impact of a specific gender
at a specific level on growth. In this case, the null
hypothesis above is modified by replacing the education
variable with its gender-specific counterpart.

Before conducting any of the above tests, all of the
relevant series are tested for stationarity,7 since standard
inference procedures do not apply to regressions which
contain an integrated dependent variable or integrated
regressors. A formal method to test for stationarity of a
series is the Unit Root test. To this effect the standard
Augmented Dickey Fuller (ADF) test and the Phillips-
Peron (PP) tests were utilized and all variables were

7 It needs to be mentioned here that though enrollment rates
are expressed as a percent, we can get rates at over 100% due
to the estimation method. However, logically, these enrollment
rates cannot increase indefinitely but have some upper bound,
which is perhaps higher than 100 while the lower bound is 0.

found to be stationary. Next, the following model is for-
mulated to test for a causal relation,

�yt � d0 � �m1

j � 1

d1j�yt-j � �m2

j � 1

d2j�Zt-j (1)

� �m3

j � 1

d3j�Xt-j � e1t

For the lagged variables appearing on the right-hand-
side, the number of lags is determined using the Akaike
Information Criterion (AIC) and Schwartz Criterion (SC)
and the lag that gives the lowest AIC and SC and best
fit is chosen.8 Adding lagged values of the dependent
variable on the right-hand-side, other than fulfilling the
Granger causality requirement, also reduces or eliminates
the problem of spurious results due to serial correlation.
A major part of the analysis depends on the choice of
lag length since the results of the causality tests rely
heavily on the time lags being imposed. If d2j and/or d3j

are found to be statistically significant and different from
zero, we reject H0 and accept H1. In testing for the causal
impact of gender based education on growth the above
equation is modified as

�yt � d0 � �m1

j � 1

d1j�yt�j � �m2

j � 1

d2j�Zt�j (2)

� �m3

j � 1

d3j�Xft�j � �m4

j � 1

d4j�Rft�j � e1t

�yt � d0 � �m1

j � 1

d1j�yt�j � �m2

j � 1

d2j�zt�j (3)

� �m3

j � 1

d3j�Xmt�j � e1t

where Xft is female education and Xmt is male education.
Eq. (2) represents the impact of female education at a
particular level on growth and Eq. (3) represents the
same for males. The only difference between the above
equations and Eq. (1) is seen in Eq. (2) where an
additional variable, Rt is added. Rt is the total fertility
rate and measures the number of children that would be
born to a woman if she were to live to the end of her
child-bearing years and bear children in accordance with
prevailing age-specific fertility rates. The total fertility
rate is introduced as a distinguishing factor for females
in order to analyze how the addition of this variable,

8 With some lags, the AIC and/or the SC may show lower
values but the equations may still suffer from serial correlation.
Thus, the lags are chosen such as to minimize AIC and SC as
well as eliminate serial correlation. Here, we utilize the Q stat-
istics test and LM test to check for serial correlation.



52 S. Self, R. Grabowski / Economics of Education Review 23 (2004) 47–55

along with education, affects the outcome of the study.
Much work has been conducted to study, from a theoreti-
cal point of view, the role of gender and fertility on
income or economic growth (Azariadis & Drazen, 1990,
Becker & Barro, 1988, Blau & Kahn, 1992, Galor &
Weil, 1996). These theories, based on either growth eco-
nomics or family economics, have concluded that the
gender-gap in education and the fertility rate have a
negative impact on output per worker.9

In this paper, the analysis is also carried out with and
without the inclusion of the total fertility rate in Eq. (2)
in order to maintain uniformity and the results (presented
in the following section) show that this has no significant
effect. However, adding the total fertility rate as an
additional explanatory variable seems to bring the analy-
sis closer to reality since females attending school at all
levels could be affected by child-bearing particularly in
a country where, typically, students are seen to be over
the age criteria and marriages usually occur at very low
ages. Data on fertility are annual and provided by the
World Bank’s World Development Indicator (1998 and
2001), though there are a few cases where the data are
provided for alternate years and a weighted averaging is
used to fill-in the missing years.

5. Results

Before carrying out the causality tests, correlations
between the education variables and growth were esti-
mated. Correlations provide an intuition regarding the
relation between the variables and the direction of
relation, which is not apparent from the causality
regressions which are based on joint hypothesis tests.
Here, both simple correlations and partial correlations
were carried out.10 The results indicate significant posi-
tive correlations between the various levels of education
and growth, whether one uses enrollment or human capi-
tal stock as the measure of education. The rest of this
results section will be devoted to discussing the caus-
ality results.11

9 Perhaps a better way to study the effect of the fertility rate
on female schooling would be through a set of interaction terms.
However, this would necessitate the introduction of additional
variables into the equation. Moreover, it may not be possible
to find reliable variables for this purpose which will be robust
to changes in specification (Lorgelly, Knowles, & Owen, 2001).

10 Tables illustrating the correlation analysis results are avail-
able from the authors.

11 It needs to be remembered that the following causality
results are based on joint hypothesis tests which do not allow
the researcher to comment on the magnitude of the individual
coefficients of each relevant variable. The only magnitudes that
one can comment on are the magnitudes of the F-statistics
alone. One possible solution to this problem could be introduc-
tion of the Vector-Error-Correction (VEC) method which would
allow a dynamic causal interpretation with a short-run and long-

5.1. Primary education and growth

As explained earlier, two different education variables
are tested for each level of education. Additionally, the
same tests are conducted for each gender (for females
with and without the inclusion of the total fertility rate).
Table 1 provides results for primary education level. For
simplicity, the results pertaining to the education vari-
ables alone are presented since this relation is the focus
of interest.

From Table 1, it can be seen that primary education
is not just strongly correlated with growth, but it has a
strong causal impact on growth as well. This causal
impact is felt by growth from both the primary
enrollment rate variable as well as the change in average
years of education at primary level. When the data are
segregated by gender, the results do not change much,
at least for females at primary level. For the female
population at primary level, both variables, with or with-
out the inclusion of the fertility rate variable, reflect a
causal impact on growth. However, for the male popu-
lation, this impact is seen only for enrollment rates, but
not for the average years of primary education or human
capital stock variable.

5.2. Secondary education and growth

Here, the method of analysis applied above is directed
towards the study of secondary education. The results
for the causal impact of secondary education on growth
are presented in Table 2. These results show that there
is some difference between the primary and the second-
ary level in terms of their impact on economic growth.

According to this table, while enrollment rates at sec-
ondary level continue to show a causal impact on
growth, it is not the case with the human capital stock
variable. The lack of any impact from human capital
stock at the secondary level reduces the reliability of the
estimate of the impact of the enrollment rate variable.
Moreover, when the data are segregated by gender, it
appears that the enrollment rate variable shows a causal
impact on growth for males at a reduced significance
level while the change in human capital stock of males
at this level shows no causal impact. However, both the
female enrollment rate variable (with and without the
total fertility rate) and the change in human capital stock
of females show a causal impact on growth (with and
without total fertility rate). Thus, there is no ambiguity

run connotation in the results. This method, however, applies
to nonstationary data streams (usually data in levels) which are
cointegrated. Since this paper looks at growth rates, VEC was
not an option. Moreover, this methodology is also based on
a joint hypothesis test and would not allow interpretation of
magnitudes of individual variables.
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Table 1
Causal relations at primary level

Direction of causality: education to growth Causality (F-statistics)

General
1.1 Enrollment Yes (7.95)
1.2 Change in human capital stock Yes∗ (3.24)
Gender based
1.3 Enrollment (male) Yes (5.76)
1.4 Enrollment (female) w/o fertility Yes (14.59)
1.5 Enrollment (female) w/ fertility Yes (20.79)
1.6 Change in human capital stock (male) No (0.006)
1.7 Change in human capital stock (female) w/o fertility Yes (8.73)
1.8 Change in human capital stock (female) w/ fertility Yes (8.93)

Note: Yes∗ indicates 10% significance level while Yes indicates 5% significance level; each equation number refers to individual
equations that were run including other variables such as an intercept, lagged values of the dependent variable, lagged values of the
growth of capital labor ratio—detailed values are presented in an appendix available upon request from authors; all time lags are
determined using the Akaike Information Criterion and the Schwartz Criterion.

Table 2
Causal relations at secondary level

Direction of causality: education to growth Causality (F-statistics)

General
2.1 Enrollment Yes (6.13)
2.2 Change in human capital stock No (1.57)
Gender based
2.3 Enrollment (male) Yes∗ (3.03)
2.4 Enrollment (female) w/o fertility Yes (6.53)
2.5 Enrollment (female) w/ fertility Yes (7.31)
2.6 Change in human capital stock (male) No (1.75)
2.7 Change in human capital stock (female) w/o fertility Yes (3.44)
2.8 Change in human capital stock (female) w/ fertility Yes (3.61)

Note: Yes∗ indicates 10% significance level while Yes indicates 5% significance level; each equation number refers to individual
equations that were run including other variables such as an intercept, lagged values of the dependent variable, lagged values of the
growth of capital labor ratio—detailed values are presented in an appendix available upon request from authors; all time lags are
determined using the Akaike Information Criterion and the Schwartz Criterion.

concerning the causal impact of female secondary edu-
cation on growth.

5.3. Tertiary education and growth

The focus now shifts to tertiary level education and
its relation with economic growth. Again, similar tests
as the above are conducted. However, in this section,
data on enrollment rates by gender are not available and,
hence, the results on gender are dependent on the human
capital stock variables alone.

According to Table 3, which presents results per-
taining to the impact of tertiary education on growth, one
does not see any causal impact in the general category.
However, similar to the primary and secondary level, one

finds evidence of a causal impact of the female popu-
lation receiving tertiary education, but no such evidence
exists for males. Thus, it appears that females, who are
underrepresented in enrollment rates and in the accumu-
lation of human capital stock at all education levels in
India, are the ones having not just a strong correlation
with the country’s growth, but having some predictive
powers over growth as well (at all levels). For the popu-
lation in general, however, the evidence points mainly at
a causal relation for primary education with some weak
evidence for secondary and none at all for tertiary edu-
cation. With regard to the latter, however, caution must
be exercised. Since the proportion of people undertaking
such education is so low, it may be extremely difficult
to pick up any causal effect from tertiary evaluation.
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Table 3
Causal relations at tertiary level

Direction of causality: education to growth Causality (F-statistics)

General
3.1 Enrollment No (2.96)
3.2 Change in human capital stock No (0.63)
Gender based
3.3 Change in human capital stock (male) No (1.97)
3.4 Change in human capital stock (female) w/o fertility Yes (5.23)
3.5 Change in human capital stock (female) w/ fertility Yes (5.2)

Note: Yes∗ indicates 10% significance level while yes indicates 5% significance level; each equation number refers to individual
equations that were run including other variables such as an intercept, lagged values of the dependent variable, lagged values of the
growth of capital labor ratio—detailed values are presented in an appendix available upon request from authors; all time lags are
determined using the Akaike Information Criterion and the Schwartz Criterion.

6. Conclusion

In this paper, the relationship between education at
primary, secondary, and tertiary level and economic
growth in India has been analyzed. According to the
existing literature, there is a large amount of evidence for
human capital having a significant impact on economic
growth. In the present study, the same type of relation
is seen in India in terms of correlations between edu-
cation, at each level, and growth. However, correlations
in themselves provide, at best, an intuition about the
relation between two or more variables. Having found
these encouraging correlations, this study utilized
‘Granger causality’ to analyze the predictive powers of
each level of education on future growth in the presence
of its own lagged values. Over and above allowing for
a test of causality, this technique is helpful in time series
regression analysis since it also helps to eliminate any
possible serial correlation by adding lagged values of the
dependent variable on the right hand side. The results
showed that education, which in the correlation analysis
indicated a strong positive relation between all education
levels and growth, is causal only at the primary and sec-
ondary level.

This paper studied all these relations in terms of gen-
der, that is, the casual impact of each gender at each
education level on growth. The results showed that
female education at all levels has potential for generating
economic growth. Males, on the other hand, appear to
have a causal impact on growth only at primary level
and perhaps, weakly, at the secondary level.

In closing, a word of caution is in order. The con-
clusion that primary education is the main causal force
in economic growth in India must be qualified since edu-
cation’s impact is likely to show only after long time
lags and there may be important omitted variables. Thus,
further research using more extensive data sets is cer-
tainly required.
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