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Innovation and Economic Growth: Does Internet Matter?

Abstract

We analyze the relationship between economic growth and innovation taking
into consideration the importance of the internet. To do so, we use a panel
ARDL model, with data on a sample of 76 developed and developing countries
in different geographic regions for the 1995-2016 period. Our findings provide
empirical evidence of the positive role of innovation and internet in economic
growth and the positive role of economic growth and internet in innovation.
From these results, we derive several basic policy conclusions.
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1. Introduction

Since ancient times, humans tend to think of new and better ways of doing things
and experimenting with them in practice. This phenomenon is called innovation.
These include: inventing new ways to produce goods, discovering services that
enhance productivity, create jobs, bring in new technologies, create new products
that help meet global challenges, improve people's quality of life, and achieve
economic growth {see Schumpeter (1932), Romer (1986, 1990) and Stokey (1995),
hasan and Tucci (2010), Mabrouki (2018)}

The Internet is a comprehensive technology that supports the real economy by
improving access to market information, facilitating business processes and
creating new jobs, and enhancing the company's performance. All these benefits
have made the Internet one of the cornerstones of economic growth {see Choi and
Yi (2009), Tripathi and Inani (2016), Zaghdoudi (2017), Saidi and Mongi (2018)}.

For these reasons, we will empirically investigate the potential relationship
between innovation, internet and economic growth by using a panel of data of 76
countries. The rest of the paper is organized as follows. Section 2 presents the
methodology and data. Section 3 presents the main empirical results, followed by
conclusions and policy analysis in section 4.

2. Data and Econometric Model

The data set used in this paper includes 76 developed and developing countries?

for the period 1995 to 2016. The choice of the sample size and the period of study
depend on the belief of data. All data are obtained and calculated from the World
Bank database. We take real gross domestic product as proxy to express economic
growth, patent applications (residents) as proxy to measure innovation and
individuals using the internet to express the usage of internet.

Panel ARDL Model is used to explain the relationship between economic growth
and innovation taking into consideration the importance of the internet. The long
run relationship between innovation and economic growth could be in view by the
following model:

Log(Y)it = 81it + BriLog(Dic + B2iLog(PD);i; + €4j¢ (1)

2 Algeria, Argentina, Armenia, Australia, Austria, Bangladesh, Belarus, Belgium, Brazil, Bulgaria, Canada, Chile,
China, Colombia, Croatia, Czech republic, Denmark, Ecuador, Egypt, Estonia, Finland, France, Georgia, Germany,
Greece, Guatemala, Hong Kong, Hungary, Iceland, India, Indonesia, Iran, Ireland, Israel, Jamaica, Japan,
Kazakhstan, Kenya, Korea, Kyrgyz, Latvia, Lithuania, Luxembourg, Macedonia, Madagascar, Malaysia, Malta,
Mexico, Moldova, Netherlands, New Zealand, Norway, Pakistan, Peru, Philippines, Poland, Portugal, Romania,
Russian, Saudi Arabia, Singapore, Slovak, South Africa, Spain, Sri Lanka, Sweden, Swiss, Thailand, Tunisia, Turkey,
Ukraine, United Kingdom, United States, Uruguay, Uzbekistan, Viet Nam.
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Log(Dic = 82i¢ + B1iLog(Y)ic + B2iLog(PD);; + €j¢ (2)

Where Log (Y) is natural logarithm of real gross domestic product (2010 constant
US S), Log (1) is natural logarithm of Patent applications (residents), Log (PI) is
natural logarithm of Individuals using the Internet (millions of inhabitants), 6 is an
intercept term, B1 and B2 are the long run elasticity estimates, ‘e’ is the term error,
‘i is the individual dimension of the panel (the country) and‘t’ is the temporal
dimension.

3. Empirical Analysis

Before the proffer of the empirical outcomes, there is some pre-tests of data are
mostly deemed very radical to furnish some prerequisites about the link of the
attacked variables.

Table 1: Descriptive statistics

Variables At level At log level
Y PI I LOG(Y) LOG(PI) LOG(I)
Mean 1.68E+16 16131338 14333.86 26.05773  14.52950 6.291015
Median 1.85E+11  3331488. 548.0000 25.94555  15.01893  6.306269
Maximum 1.69E+18  7.33E+08  1204981. 41.97246  20.41327 14.00197
Minimum 2.44E+09  75.19898 1.000000 21.61527 4.320138  0.000000
Std. Dev. 1.52E+17 51179250 67760.69  2.650799  2.567506  2.371794
Skewness 9.366229  8.395998 8.762379  3.079506 -0.937932  0.493995
Kurtosis 89.95609 92.18205 109.0698 18.77793  4.351394  3.394638

Jarque-Bera 551221.2  573733.5 805201.5 19985.72  372.3775  78.85320
Probability 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000

Observations 1672 1672 1672 1672 1672 1672

Table 1 show that all variables have a probability of refusal less than 5%, which tick
that they are all esteemed during the period of the study. Skewness and Kurtosis
coefficients undergo variables that follow a normal distribution.

Here we explain the correlation between all the core variables of the study. Table
2 shows that economic growth (Y) correlates positively with innovation (I) and with
internet (PI). Also innovation (I) correlates positively with internet (Pl).
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Table 2: Correlation matrix of variables

Y Pl |
Y 1
Pl 0.3664 1
| 0.3284 0.7914 1

Before modeling, the LLC test (Levin et al., 2002), IPS test (Im et al., 2003), ADF
(Maddala and Wu, 1999) and PP test (Maddala and Wu, 1999) are used to arbitrate
whether the three variable log(Y), log(P!) and log(l) have the unit root or not.

Table 3: Panel unit root test results

Unit

Root C cT C cT C cT

Test

LLC (3.01279)***  (14.8070)***  (500.414)***  (45.9574)***  (3.75976)***  (5.08084)***
[20.9662]***  [20.5875]*** [37.8665]***  [14.3247]***  [34.4880]***  [29.9135]***

IPS (3.06818) (3.66616)***  (41.5605)***  (25.1022)***  (1.58880)* (4.82744)%**
(18.5228]***  [15.0249]***  [21.7738]***  [17.3140]***  [32.1528]***  [28.0894]***

ADF (175.635)* (187.067)**  (2262.21)***  (666.439)***  (229.703)***  (273.358)***
[618.750]***  [15.0249]***  [1200.36]***  [590.569]***  [1091.98]***  [867.084]***

PP (241.916)***  (134.694) (5655.65)***  (2901.68)***  (237.161)***  (262.181)***
[1279.42]*** [500.414]*** [672.960]*** [1059.94]*** [2070.10]*** [2170.73]***

Decision 1(1) 1(0) 1(0)

112

Note: ***, ** gnd * denote significances at 1%, 5% and 10% levels, respectively;
( ) denotes stationarity in level;

[ ] denotes stationarity in first difference;

‘C’ denotes Constant;

‘CT’ denotes Constant and Trend;

Table 3 reported the estimated results of unit root tests, including the LLC test, IPS
test, ADF-F test including the LLC test, IPS test, ADF test and PP test. It is obvious
from results that, some of the data sets are integrated of (I (0)) or (I (1)). Therefore,
it is suitable to run out a cointegration test using these variables.

Different cointegration tests are used to determine cointegration among variables.
We used the Kao (2007) panel cointegration test. This test can be used in cases of
the existence variables integrated in different order.
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Table 4: Cointegration test

Kao Residual Cointegration Test

t-Statistic p-values
ADF 9.898751*** 0.0000
Residual variance 3.431267
HAC variance 0.124783

Table 4 shows the results of the Kao (1990) panel cointegration test. The results
denote that the variables in the model are cointegrated, because p-value is smaller
than 0.01. Hence, a long-run equilibrium relationship occurs between log (Y), log
(P1) and log (I).

We have estimated Equations (1) and (2) for panel ARDL estimation. The results of
the panel ARDL tests are shown in Table 5 and Table 6.

Table 5: ARDL results when economic growth (Y) is the dependent variable

Variable Coefficient Std. Error t-Statistic Prob.*
Long Run Equation

LOG(l) 0.000915** 0.000431 2.121690 0.0343
LOG(PI) 0.001638%*** 0.000246 6.663952 0.0000
Short Run Equation

ECT -1.205078*** 0.141244 -8.531861 0.0000
DLOG(Y(-1),2) 0.383332 0.111870 3.426581 0.0007
DLOG(Y(-2),2) 0.099865 0.090280 1.106170 0.2691
DLOG(Y(-3),2) 0.079354 0.050295 1.577759 0.1151
DLOG(I) 0.456332 0.416889 1.094611 0.2741
DLOG(I(-1)) 0.102952 0.240628 0.427849 0.6689
DLOG(I(-2)) 0.556374* 0.291745 1.907053 0.0570
DLOG(I(-3)) 0.391715 0.526913 0.743415 0.4575
DLOG(PI) -0.638587 0.478591 -1.334307 0.1826
DLOG(PI(-1)) 0.724769 0.580651 1.248202 0.2124
DLOG(PI(-2)) -0.920203 0.721665 -1.275110 0.2028
DLOG(PI(-3)) 0.448220 0.502740 0.891554 0.3730
C -0.004350*** 0.028199 -0.154270 0.8774

Table 5 reports the output of ARDL estimation of Equation (1). Long run equation
results shows that innovation log (l) and innovation log (Pl) have a positive and
significant impact on economic growth. The coefficient of innovation is 0.000915
which indicates that 1% increase in innovation leads 0.000915% increase in
economic growth. The coefficient of internet is 0.001638 which denotes that 1%
increase in internet leads 0.001638% increase in economic growth. The error
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correction term (ECT) coefficient is -1.205078 which is negative and significant,
which confirms that economic growth, innovation and internet are cointegrated at
1% level of significance. This suggests that innovation and internet strongly
influences economic growth.

Table 6: ARDL results when innovation (1) is the dependent variable

Variable Coefficient Std. Error t-Statistic Prob.*
Long Run Equation

LOG(PI) 0.088122%*** 0.001904 46.28584 0.0000
DLOG(Y) 3.916335%** 0.287044 13.64367 0.0000
Short Run Equation

ECT -0.449765*** 0.087898 -5.116897 0.0000
DLOG(I(-1)) -0.007382 0.092459 -0.079839 0.9364
DLOG(I(-2)) -0.093592 0.071390 -1.311006 0.1904
DLOG(I(-3)) 0.088657 0.069435 1.276845 0.2021
DLOG(PI) -0.053683 0.166358 -0.322697 0.7470
DLOG(PI(-1)) -0.020148 0.101025 -0.199436 0.8420
DLOG(PI(-2)) 0.063307 0.107023 0.591526 0.5544
DLOG(PI(-3)) -0.095019 0.103187 -0.920841 0.3575
DLOG(Y,2) -1.531637** 0.736368 -2.079987 0.0379
DLOG(Y(-1),2) -2.132515*** 0.800076 -2.665392 0.0079
DLOG(Y(-2),2) -0.970261 0.624516 -1.553621 0.1208
DLOG(Y(-3),2) -0.567672 0.627273 -0.904985 0.3658
C 1.852615*** 0.368517 5.027222 0.0000

Table 6 states the results of ARDL estimation of Equation (2). Long run equation
results shows that economic growth log (Y) and internet log (P1) have a positive and
significant impact on innovation. The error correction term (ECT) coefficient is -
0.449765 which is negative and significant, which confirms that economic growth,
innovation and internet are cointegrated at 1% level of significance in equation (2).
This suggests that economic growth and internet strongly influences innovation.

4. Conclusion

The main purpose of this paper has been to highlight the connection between
innovation and economic growth taking into consideration the matter of internet
in economic growth and innovation. We try to take global evidence from 76
developed and developing countries during the period 1995 - 2016. By using the
Panel ARDL model, the empirical resultsindicate that there is a positive
unidirectional long run relationship between innovation and economic growth.
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Also, our estimation indicated that the internet has a positive effect on innovation
and economic growth in the long run.

The clear inclusion of this investigation is that it supplies an authenticated search
which could be valuable for policy makers, which should promote innovation and
the use of internet as a strategic tool in various sectors, such as commerce, service,
tourism, health, industry, education and agriculture to explore the role of the
internet as a strategic tool in these sectors. We also propose to the countries of the
world to develop procedures and strategies to facilitate access to more high-quality
patents through the Internet through the expenditure on scientific research in
various fields, in order to create many innovations and inventions through the rapid
selection of patents aimed at achieving sophistication and sustainable
development.
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