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1. SOME ARGUMENTS ABOUT GROWTH
ACCOUNTING

The argument about the growth of the source of East
Asian countries was initiated by Young
(1994) and Krugman (1994). For years, the pros and
cons of Krugman-Young analysis have
been examined by scholars. If the diminishing
returns hold, which is an assumption of the
neoclassical growth model, then capital alone
cannot provide long term growth and TFP
becomes important and technological development
is accepted as a crucial factor for
productive efficiency (Romer,1986; Lucas,1988).
So by assuming constant returns to scale,
physical capital, and human capital as two inputs
and technology as captured by "A" is
relatively unimportant in Cobb- Douglas (C-D)
framework (Cobb&Douglas,1928). In
addition to that, Acemoglu and Dell (1010) have
found that human capital is an important
determinant of between-country and between-
municipality differences.

Human capital is a crucial component of economic
and industrial growth. For that reason, the
impact of human capital on economic growth has
taken the attention of many authors. Human
capital refers to the training, experience, judgment,
intelligence, relationships, insights
(Barney, 1991) as well as the knowledge and skills
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(Hatch and Dyer, 2004; Martin de Castro
etal.,2011; Leitner, 2011) of the individuals. Adam
Smith, John S. Mill, and Alfred Marshall
are considered to be the first economists talking
about human capital accumulation. However
modern theory of human capital is not very affected
by those three, as stated by Bowman
(1990). According to Smith (various additions),
human capital is not much important in terms
of growth. Mill (1909) on the other hand, make
sense of education from a self-interest or
investment motive perspective. These two motives
are integral in the modern theory of human
capital, constituted by Schultz (1961) and Becker
(1962). One of the common points of
endogenous growth models is that the importance
given to physical capital over a long period
is exaggerated and the most important factor in
terms of growth is human capital. This study
can not summarize all the literature on growth

accounting, however, one must see Solow
(1957) paper as one of the oldest studies within that
respect K o 1 998) in his

analysis has also stated that skilled labor and
technological spillover are more important than
physical capital in growth accounting. The paper by
Freire-Seren (2002) presents the
empirical findings of a direct relationship between
human capital accumulation and economic
growth. In another empirical study by Rao and
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Shankar (2012) significant estimates implied
that, for a 20 year period, an additional year of
education permanently added about 5% to the
output growth. Finally, Wilson and Briscoe (2004)
paper has examined a huge literature about
GNP and human capital relationships and have
concluded that investment in education has a
positive and significant impact on growth.

Barro and X Sala-i Martin (1995) book is another
important  study of endogenous  growth
theories. Lucas's (1988) pioneering paper has
caused many many endogeneous growth models
such as Stokey (1988) Young (1991). Of course,
most of the studies are affected by Romer
(1986) increasing returns and other detailed features
of endogenous growth models. Mincer
(1995) stated that if sectoral technological growth
increases than demand for an educated and
trained workforce also increases. Tansel (2002) has
estimated that for Turkey vocational high
schools are superior to general high schools in terms
of human capital. Ismihan and Ozcan (2009) have
shown that TFP and capital accumulation are
important sources of growth,
in their study where they investigated the IRF for
the (1960-2004) period in Turkey.
Sarkar (2007) has found that human capital is
crucial for growth with its positive and
significant effect on growth. Hussain (2016) paper
finds that the coefficient for K and L is
0.49 and 0.51 for the Bangladesh manufacturing
sector. So, the Cobb-Douglas production
function exhibits increasing returns to scale for the
manufacturing sector of Bangladesh.
With this study, we aim to contribute to the existing

literature by  empirically  analyzing the
effects of productivity and human capital on growth
for G-7 economies. In addition to that,

we construct a new data set for G-7 countries in the
Cobb-Douglas framework following Ismihan’s
(1996) paper. The study is structured as follows. In

section I a brief summary of
the 1i is argued. In section II and III, model and the
data set is investigated within a

Cobb-Douglas environment. In the last section
results and a discussion is provided.

2. METHODOLOGY AND THE DATA

The general practice for panel data is to estimate N
separate regressions and calculate coefficient
averages called mean group (MGQ) estimator or pool
the data and assume that the slope coefficients and
error variances are the same. This article uses the
pooled mean group (PMGQG) estimator, a procedure
that limits long-term coefficients to be the same but
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allows short-term coefficients and error variances to
differ between groups. It is possible to derive the
asymptotic distribution of PMG estimators, taking
into account both the state that the regressors are
stationary, the state in which they follow unit root
processes and both cases when the time dimension
goes infinity.

The model we use inspects the effect of total factor
production, capital accumulation, human capital
index on economic growth with a standard Cobb-
Douglas production function such as:

Yi=A K Hbit (1)

where, Yy is GDP, Kj is capital, A is total factor
productivity and H is human capital for representing
labor. 1 and t represent cross-sections and t is
respectively. Equation 1 is a modified form of
Wooldridge (2009) model with a difference. The
difference is that our model uses human capital
instead of labor. Assuming that the law of
diminishing returns does not exist, H (human capital
index) representing human capital is preferred
instead of L in the two-factor production function.
Such a representation would be more appropriate if
today's industry 4.0 and the existence of high-tech
industries are taken into account.

The data seen below was collected from the Penn
World Table version 9.1.

Y Real GDP at constant 2011 national prices
(in mil. 2011US$)

K Capital stock at constant 2011 national
prices (in mil. 2011US$)

H Human capital index, based on years of
schooling and returns to education; see Human
capital in PWT9

TFP TFP at constant national prices (2011=1)

Below panel ardl data with time periods, t = 1,2, ...
,T, and groups, i = 1,2, ... ,N, we aim to estimate an
ARDL(p, q, q, ... ,q) model,

Yie = Z?zl 0i;Yit—; i+2?=0 VijXie—jtuitee  (2)

Here vector of explanatory variables are Xit (k xl),
u; shows the fixed effects; the lagged dependent
variables, 6;; are scalars; and V' joare k x 1
coefficient vectors. Each group seperately estimated
with a large T. The following variables are used for
representation of the model:

AlogYy = Bi[AlogY; 14V iXie ]+Z?=_11 0;jlAogY;;_;
+ Zj-’;é 0 MK j e (3)
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Bi: 1is the group specific speed of adjustment
coefficient

y'i: is the long-run relationship vector
ECT =[AlogY; -1 ty'iX;¢ ], error correction term

9ij19'i- .

; « short-run dynamic coefficients

Four procedures such as; pooling, aggregating,
averaging group estimates, and cross-section
regression are used in panel data. The estimates are
unbiased if the coefficients differ and pooling gives
inconsistent results when the coefficients differ
across groups. So the cross-section provides

consistent results for the long-run (Pesaran and
Shin, 1995).

In principle, PMG estimators can be computed
whether the regressors are 1(0) or 1(1) (Pesaran et
al, 2012:625).

3. RESULTS

First we specify the model and then looking at
correlation analysis, we perform unit root tests and
selecting optimal lags. After looking at
cointegration test and Hausman test we estimate the
model and causality relationship.

Table 1. Descriptive Data

Variable Obs Mean Std.Dev. Min. Max
Logy 483 1431636 9485411  12.09554 16.6897
Logtfp 483 -1767118  .234095  -.9325089  .1250409
logk 483 15.70289  .9954217  13.28907 17.6447
logH 483 1.07335 1745657  .5841789 1.32384
Table 2. Correlation Matrix
Logy Logtfp lokK logH

Logy 1.0000

Logtfp 0.4969 1.0000

logKk 0.9828 0.5494 1.0000

logH 0.6857 0.5291 0.6713 1.0000

After the correlation coefficients among the Before determining the panel -cointegration

variables were found to be significant, the
stationarity state of the variables was examined.
Firstly, panel unit root tests of Levin et all.
(LLC,2002), Breitung (2000) and Im et all.
(IPS,2003) were used for statioanrity. When
deciding about the optimal lag lengths, we look at
the most common lag accross the countries for each
of the four variables. In the next step, after choosing
the optimal lag length we look for the test of
cointegration with Pedroni (1999,2004)
cointegration test to test the cointegration relation
among the variables. Long term parameters of the
variables were estimated with MG developed by
(Pesaran and Smith,1995) and PMG developed by
Pesaran et all. (Pesaran,1999).
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relationship between the series, it is examined
whether or not the series are stationary to avoid the
spurious regression problem. Levin et all. (LLC,
2002) proposed a panel unit root test that applies
ADF seperately for each cross section. LLC
assumes that all units in the panel have first order
partial autocorrelation. Breitung (2000) which is a
pooled panel unit root test, provides an appropriate
data transformation and does not require a
correction. The size of distortions are small in this
test, while Im et all. (IPS,2003) proposed a unit root
test for dynamic heteroheneous panels based on the
average of individual unit root statistics. The results
of panel unit root tests coul be seen in Table 3.
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Table 3. Panel Unit Root Tests

variables LLC (adjusted t") Breitung (lambda) IPS (Z-t-tilde-bar)
level
Logy -1.3636 11.6813 -9.9091
(0.0864) (1.0000) (0.0000)
logK -8.0123 -5.3317 -16.2019
(0.0000) (0.0000) (0.0000)
logH -10.0671 14.4652 -7.1808
(10.0000) (1.0000) (0.0000)
logtfp -6.0543 5.2245 -3.5369
(0.0000) (1.0000) (0.0002)
First difference
d.ly -15.6491 -16.6111 -15.7023
(0.0000) (0.0000) (0.0000)
d.Itfp -7.4092 -11.1961 -10.7941
(0.0000) (0.0000) (0.0000)
d.IK -14.6183 -15.9692 -15.3967
(0.0000) (0.0000) (0.0000)
d.IH -3.0326 -0.0058 -5.9394
(0.0012) (0.4977) (0.0000)

Pedroni (1999) developed 7 cointegration tests, the
first four pooled within dimension which allow
heterogeneity for cointegration and the other 3 were
between dimension in panel data models. The
hypoheses of the test were defined as “HO:no
cointegration between series” and H1 cointegration
between the series”. In six out of 7 statistics the null
of “no cointegration” is rejected, because the values
are lower than 0.05%, so we can decide about
cointegration among the variables. After this step,
we decide about whether pooled mean group
estimator (pmg) or mean group estimator(mg) is
homogeneity, pmg is the most appropriate
estimator, so the model supports pmg estimator,
since the probability value is greater than 0.05%
level. When deciding about the dynamic fixed
effects estimator and pmg estimater again we run
Hausman test.

Table 4. Pedroni’s Cointegration Test

Test Statistics | Panel ~ Group
v 1.791

Rho -4.155 -3.688
T -4.241 -4.442
adf -2.038 -1.796

All test statistics are distributed N(0,1), under a null
of no cointegration, and diverge to negative infinity.
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4. PANEL ARDL ESTIMATION PROCEDURE

The advantage of the panel ardl is that a dynamic
error correction moe explanatory variables fordel can
be derived with a simple linear transformation. Two
estimators such as mg and pmg are suggested for
panel ardl. The mg estimator places no restrictions on
specification parameters and derives the long run
parameters from the average of the individual ardl
estimators long run parameters. It also does not allow
for short term heterogeneity of variables. Therefore
Pesaran et all (1999) developed pmg as an alternate
to mg estimator. PMG estimator reestricts the long-
term coefficients and error variances to differ
between groups. The pmg estimator assumes that the
error terms are unrelated and are independent from
the regressors. There is a long-term relationship
between dependent variable and long-term
parameters are the sam efor all countries. Long-term
homogeneity of the parameters are tested with
Hausman (1978) test.
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Table 5. Panel Ardl (2,1,2,2)

Variable Mg | Pmg | Hausman
Long-run coefficients

d.Ly

Ltfp -.0792926 (0.917)* -.4533831 (0.004)*** | .3740905

1K -.0707371 (0.277)* -.245691 (0.006)*** .1749539

IH .3588833 (0.794)* 4455232 (0.049)** -.0866399
Error Correction Term

ECT -4075501 (0.000)*** | -.3360963 (0.000)*** |
Short-run Coefficients

Altfp -.3922804 (0.585)* -.2568994 (0.709)*

AIK .0154997 (0.338)* .0407881 (0.000)***

AIH -.6162845 (0.828)* .5810866 (0.689)*

Intercept 1.263865 (0.406)* 2.154987 (0.000)***

Hausman test chi-square -4.49

The values in parentheses are probability values, ***,** and * are respectively 1%,5%, and 10%

Country Analyses

Canada
d.ly -.1842206 (0.000)
Altfp -.131135 (0.886 )
AIK 0213523 (0.890)
AIH 3.697135 (0.382)
Intercept 1.107595 (0.029)

France
ECT -.3093931 (0.000)
d.Ly
Altfp .2632969 (0.660)
AIK .0265277 (0.789)
AIH -.5097334 (0.704)
Intercept 1.956258 (0.000)

Germany
ECT -.2864646 (0.000)
Altfp -.0128831 (0.973)
AIK .0462029 (0.546)
AIH -6.633842 (0.022)
Intercept 1.855709 (0.002)
Italy

ECT -.5092888 (0.000)
Altfp 2.948401 (0.008)
AIK .0552888 (0.711)
AIH 1.513229 (0.193)
Intercept 3.331516 (0.000)

Japan
ECT -.4302523 (0.000)
Altfp -1.67262 (0.013)
AIK .0531823 (0.535)
AIH -1.524403 (0.622)
Intercept 3.010206 (0.000)

UK

ECT -.4009424 (0.000)
Altfp -2.959613 (0.026)
AIK .0173488 (0.924)
AIH 3.835095 (0.575)
Intercept 2.457974 (0.002)
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US
ECT
Altfp -2.959613 (0.821)
AIK 0656137 (0.599)
AIH 3.690126 (0.378)
Intercept 1.365647 (0.015)

We can see from the ECT values that there is
cointegration among the variables for each country.
However for long run coefficients which shows
long run causality in the same time, not all three
variables are significant only human capital is
significant in some. The coefficients are
homogeneous for the full panel in the long-run. For
the short run, coefficients and error variances differ
for each country. We can make a comparative
analysis for each country; it can be said that for the
short run the variable total factor productivity is
significant for Italy which is it’s coefficient is
%2.94 positive impact on growth. Since it is less
informative we didn’t use mean griup estimation
seperately. Intercepts are positive and significant
which shows the technology parameter.

5. DISCUSSION AND IMPLICATIONS FOR
FUTURE RESEARCH

At this point, the data fails to meet the asymptotic
assumption of Hausman test. This can be a sign of
bad fit of the HO model, then one can use diagnostic
rules or as an alternative, the absolute value of the
static could be preferred (Mizon and Richard,
1986). The model supports the pmg estimator with
the assumption of the absolute values of the
statistics. According to these results; where the
human capital variable has a positive and significant
effect in explaining economic growth. In the short-
run, the physical capital variable has a significant
and positive impact on growth.
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From a cross-country perspective, in this panel
covering the period (1950-2018) for G-7 countries,
it is concluded that human capital has a positive
impact on economic growth. In the short-run, it is
concluded that physical capital has a significant
positive effect on economic growth.

The contribution of this paper is that the intercept or
mainly the technology parameter is significant and
positive for each country and the variable of human
capital is also positive 0.44% for the full panel in the
long run. Our results are in line with previous
studies of Pelinescu (2015), Sarkar (2007), and
Hussain (2016). Future research may analyze a
broader spectrum set of variables and secondly, can
look for local differences.
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