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Abstract: In this study, it was used the long-term Pedroni cointegration test to analysis the relationship
between overall turnover, the share of individuals using the Internet in the population, Human
Development Index (life expectancy index, education index & GNI index), Population and GDP per
capita on based annual panel data set of 12 European countries in the context of the GDP per Capita
model over the period from 1998 to 2020. According to the DOLSMG results, the t statistics of
turnover, human development index and population variables at the 1% significance level were found
to be significant in the long run for the entire panel and turnover, human development index and
variables, expect for the share of individuals using the internet in the population affect GDP per
capita. Although it was insignificant in the long run for the entire panel in terms of the share of
individuals using the internet in the population, except for Austria, it was significant Belgium at the
5% significance level and all other countries at the 1% significance level.
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1 Introduction

Since the beginning of the 1990s, individual (1985) hypothesized, export growth has a
internet users have started to increase rapidly. significant impact on economic growth [1].
By the late 1990s there were approximately Meanwhile, different views emerged on the
10,000 Internet service providers (ISPs) around relationship between exports and economic
the world, the number has been more than 25 growth in the world [2]. Rahman and Mustafa
million subscribers by 2000 and 4.66 billion by determined the direct proportional relationship
2020. In addition, globalization, rising living, between exports and economic growth in their
and communication standards have increased research on 13 countries in Asia [3]. Since
the internet addiction of countries. The number 1990 Calculated using globally comparable
of Individual Internet Users played an data, the global HDI, one of variables in
important role in the economic and commercial analysis, had three dimensions: a long and
impact of the COVID 19 Pandemic. The healthy life, knowledge, and a decent standard
facilitation and rapid growth of online of living. HDI indicator is calculated as below
commerce leads to an increase in the number [4] A country's growth rate is revealed in its
of individual internet users, which contributes Gross Domestic Product (GDP) per Capita.
to sustainable economic growth. This has been The influence of manpower resources is shown
discussed by many economic researchers in the HDI value, which can affect the level of
around the world, for example, as Balassa economic growth in GDP [5].
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The randomly selected European Union Development Index (Life Expectancy Index,

countries for this study, Austria, Belgium,
Czech, Estonia, Finland, Greece, Norway,
Hungary, Iceland, Latvia, Luxembourg and the
Netherlands can be summarized as follows:
Observations that a broader conclusion can be
drawn about how changes in the proportion of
Internet users, total trade volume, and the
Human Development Index can alter the
impact on GDP in these selected countries: the
recent COVID 19 pandemic has led to an
increase in internet users' online commerce and
increased interest in commerce in countries
with industrialized and developed economies
that are members of the European Union. In
2019, the share of the European Union in GDP
per capita was approximately 15.4 percent and
the total turnover volume with the world was
29 percent. While the share of world average
internet users in the population was 56.73%,
this figure was 83.84% in European Union
countries in 2019.

In this study, we investigated the relationship
between GDP and Internet users, total trade
volume and Human Development Index in the
example of some European countries with the
long run cointegration test. We suppose to
contribute to the literature on the following
points mentioned in the study: i) the number of
articles in the literature for European countries
where important incentive policies have
recently been implemented in relevance to
internet users, Human Development Index and
turnover at macroeconomic level IS
comparatively small; we expect that this study
will make an important contribution to the
literature at the point of eliminating this
deficiency; ii) instead of a single model in the
study, a multivariate model is used, including
overall turnover, the share of individuals using
the Internet in the population, Human
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Education Index & GNI Index) and Population;
This article consists of 5 Sections: In Section 2,
the literature is presented, in Section 3, the data
and methodology are introduced, in Section 4,
the findings, Findings are presented according
to the results of the analysis and finally, the
conclusions and policy recommendations are
offered.

2 Literature Review

When  macroeconomic  performance and
sustainable development goals are examined in
a rapidly globalizing economy, it has seen that
researchers have paid more attention to this
issue in recent years [6]. In other to provide a
comprehensive perspective, this study aims to
use the GDP per capita as an indicator of the
investigation of economic factors that cause
economic growth in analyzing the relationship
between overall turnover, the share of
individuals using the Internet in the population,
Human Development Index and Population for
chosen European countries. The literature is
examined in four parts in the term of
independent variables.

GDP per Capita hypothesis with Overall
Trade

This study worked by Mustapha Ben Hassine
and Nizar Harrathi in 2017 was investigated
the causal relationship between trade,
renewable energy consumption and financial
development and real gross domestic product
for the 6 Gulf Cooperation Council countries
between1980-2012 using Granger Causality
and Panel Cointegration tests. As a result, it
has been seen that exports have a positive
effect on GDP and 1% increase in exports and
0.456% increase in GDP [7]. In this study by
Perry Sadorsky in 2011, it was used panel
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cointegration regression techniques to examine
the relationship between energy consumption,
output and trade for 7 South American
countries between 1980 -2007. According to
the results of Panel cointegration tests, there is
significant relationship between GDP and
Imports, and exports for a long-run dynamics
and a bidirectional feedback relationship
between GDP and exports and imports for
short-run dynamics [8]. Using a panel vector
auto-regressive model by Walid Belazrega and
Kais Mtar, it was investigated relations
between financial development, innovation,
trade openness, and economic growth in 27
OECD countries for the period of 2001 - 2016.
According to results of analysis, there is a
bidirectional relationship between economic
growth and trade [9]. In this study by Serdar
Birinci in 2013, it was used panel VAR
regression to analysis the relationship between
economic growth, the size of informal
economy and trade openness on based
quarterly panel data set of 12 OECD countries
over the period from 1964:1 to 2010:4. As a
result of the analysis, it was determined that
there is a bidirectional positive relation
between trade openness and economic growth
[10].

GDP per Capita hypothesis Internet Users

In this study by Huub Meijers in 2014, it was
used panel Granger causality test to analysis
the relationship  between Internet use,
international trade, and GDP per capita on
based annual panel data set of 162 countries
over the period from 1990 to 2008. Initially,
the positive effect of internet use on growth is
confirmed, but it is seen that the positive effect
of internet use on growth can be eliminated by
using a precisely defined growth model. A
Granger causality analysis between Internet
use, international trade, and GDP per capita
was predicted not to lead strong results in all
cases [11]. In the article worked by Fennee
Chong, Venus Khim-Sen Liew and Rosita
Suhaimi it was utilized panel ARDL Dynamic
Model to analysis long-run and short-run
relationship between gross national income per
capita and internet user on based the annual
data covers of Malaysia for period of 13 years
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from 1997 to 2010. Empirical findings from
the econometrics analysis of a thirteen years’
time series found that there is a significant
long-run and short-run relationship between
these two variables [12]. This study by
Gholizadeh, H. et al in 2014 aimed at finding
the relationship among publication, gross
domestic product (GDP) and internet usage
among ASEAN and the world’s top ten
countries for period of 13 years from 1996 to
2011. According to the result of the study, a
positive and significant relationship was
observed between indices, GDP and internet
usage for these countries [13]. In this study by
Margarita Billon Jorge Crespo and Lera-
Lo’pez in 2017, it was estimated using a panel-
data approach to analysis the relationship
between Internet use, educational inequality
and economic growth on based a panel data set
of 94 countries between 1995 and 2010. It is
concluded that internet use has a positive and
significant effect on economic growth [14].

GDP per Capita hypothesis with Human
Development Index

In the study by Zhaohua Wan et al. it was
analyzed the linking between economic
growth, renewable energy consumption and
human development index in Pakistan by using
VECM Granger casualty approach for the
period of 1990-2014. According to the result of
analysis, there is a significant negative
relationship between economic growth and
human development index and Economic
growth has decreased human development
process in Pakistan during the years [15].
Khalafalla Ahmed Mohamed Arabi and
Suliman Zakaria Suliman Abdalla has
investigated the impact of human capital index
on economic growth for Sudan over the period
of 1982-2009 by using a simultaneous equation
model. As result there is a positive impact of
HDI on economic growth [16]. In the study by
Elena Pelinescu it was analzyed the impact of
human capital index on GDP per capita on
based data set of some European Countries
using Pooled Least Squares model for the
period 2000-2012. According to result of the
model it was revealed a positive and
statistically significant relationship between
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GDP per capita and human capital index as
expected according to economic theory [17].

GDP per Capita hypothesis with Population

Three theories have been put forward in the
literature regarding the relationship between
economic growth and population growth.
There is negative relationship in term of the
first theory, positive relationship in term of the
second theory and no relationship in term of
the third theory between populations with
economic growth. In the study made by
Mehmet Ali Polat, the effect of population and
employment increase on economic growth,
which is a dimension of development, was
tried to be explained by compiling 1998 — 2015
Turkey data as an Econometric time series
model.  According to the  Johansen
cointegration  test, the variables are
cointegrated and according to the VECM
(vector error correction model), there is a long-
term relationship between the variables [18]. In
this study by Adem Karakas, it was
investigated the relationship between national
income, population, and electricity
consumption on based annual panel data set of
22 OECD countries and 22 non-OECD
countries with the highest national income over
the period from 1990 to 2011. According to
result of analysis, there is also bi-directional
causality between population and national
income [19]. In the study by Mehmet Vahit
Eren, it was investigated the relationship
between population growth and development
on based annual panel data set of sub-Saharan
African countries by the panel data analysis
method over the period of the 1990-2017.
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According to result of analysis, there is
relationship between population growth and
development [20].

3 Data, Models and Methodology
3.1 Data

3 models were established in the study. In the
first and second models respectively, it was
investigated the impact of the share of
individuals using the Internet in the population,
human development index, Population on GDP
per capita and overall turnover and in the first,
the impact of the share of individuals using the
internet in the population, human development
index, population, and overall turnover on
GDP per capita. In order to analyze of the data
collected from the sources shown in Table 1,
the panel time series analysis was performed
with the STATA 2017, GAUSS 16 and E-
Views 12 package programs In terms of the
suitability of the tests, which is a statistical and
econometric program for economic sciences. In
the study some data was not available for some
of the years or countries, so the dataset was
chosen for which all the data for all the
relevant years and countries were available and
It was then tested to confirm or reject the
validity of the hypothesis. Thus, it was chosen
the dependent and independent variable data of
15 European Countries between the period
1998-2020 and All data used in the analysis
has been converted into logarithmic form.
Table 1 below shows the main sources from
which the data were obtained.
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Table 1. Independent and Dependent Variable by data source

GDPPC

GDP per capita, current prices (PPP; international In U.S. dollars ($)

International Monetary Fund, www.imf.org

dollars)
. In U.S. Billion International Trade Centre (ITC)

oT Overall turnover with the world dollars ($) trademan or

The share of individuals using the Internet in the o World Telecommunication/ICT Indicators Database
UL population PeEELE () & the World Bank, wwwv.itu.int
HDI Human Development Index (Life Expectancy Percentage (%) UN Development Programme, Human Development

Index, Education Index & GNI Index) (0-100) Reports (2015-2020), www.hdr.undp.org

POP Population Million people The World Bank, www.data.worldbank.org

Dates and Countries using in the Analysis

Name of Countries Dates

Between 1998 — 2020

Awustria, Belgium, Czech, Estonia, Finland, Greece, Norway, Hungary, Iceland, Latvia,
(Total 23 year)

Luxembourg and Netherlands,

values of dependent and independent variables
data using in the study, Table 2 below was
shown.

In our study, a balanced panel data study was
established with 276 observations for all
countries and series and descriptive statistic

Table 2: Descriptive statistics of variables used in the model

e Gtarvriors 1 e e i o ]

GDPPC 276 10.45656 0.4823548 8.954803 11.69925

TTO 276 11.76982 1.372091 8.702344 14.18777

INI 276 10.92386 0.7171731 8.077758 11.50595

HDI 276 6.795705 0.0520315 6.645091 6.878326

POP 276 8.309333 1.254143 5.613128 9.766579
MODEL is a multi-panel data model. To analysis what

factors identify the GDP per capita and
turnover; multiple regression models include
multiple linear regressions as well as multiple
power regression [21]. The general form of
multiple linear regressions is applied:

The model in this research was established to
investigate the individual and whole effect of
the factors included in the analysis on GDP per
capita and turnover. When N units and T
number of each unit are considered together, it

Yvit == boit + blitxlit + bZitXZit + o + bklthlt + ul't i = 1, ...,N; t = 1, ...,N (1)

or briefly
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Yit = boir + 25—1 britXkir + Uit

where Y;;and X,; are the dependent and
independent variables for each i; b,;; and u;;
are fixed effects and error term, respectively.
All the data of a dependent and all independent
variables, used were converted into a
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i=1,..,N;t=1,..,N (2)

logarithmic form and shown separately for the
model [22]. The model investigates the factors
influencing GDP per capita and is formulated
as follows:

logGDPPC;; = ay + a,logOTy + aylogINI; + azlogHDI;; + a4logPOP; + uye (3)

Where a,, a,, a;and a, are the coefficients
of the turnover, the share of individuals using
the internet in the population, human

development index and population,
respectively [23]

logGDPPC;,: is the logarithm form of Gross Domestic Production per capita

logINI;; : is the logarithm form of the share of individuals using the internet in the population
logOT;; is the logarithm form of the overall turnover volume

logHDI;; is the logarithm form of Human Development Index

logPOP;; is the logarithm of population

U is an error term

3.2 Methodology
3.2.1 Cross-Sectional Dependence Tests

Cross-Sectional Dependence test recommends
that such because of the rapidly increasing
economic cooperation and globalization of the
world countries, the economic integration
between countries or unions is also increasing.
Increasing economic integration between
countries has made countries economically
dependent on each other. It is foreseen that it is
inevitable that economic shocks and mobility
in a country or unit will affect other countries
or units at different levels [24]. When working
in panel data models, the cross-sectional
dependence between countries or units should
be considered. If the cross-sectional
dependence is not considered, serious
erroneous parameters may occur in the
estimation results [25]. Therefore, it is
important to test both as variables and as a
model to avoid erroneous parameters and to

determine whether there is a cross-sectional
dependence between the units [26]. In order for
the cross-sectional dependence between units
not to cause biased results in panel data
analysis, first-generation tests in case of cross-
sectional independence and second-generation
tests in case of cross-sectional dependence tests
and estimators should be used [27]. There are
several tests in the literature to identify cross-
sectional dependence. In this study, Breusch-
Pagan (1980) LMgp, Pesaran (2004) scaled LM
and Pesaran (2004) CD tests were conducted to
determine cross-sectional dependence.

Breusch and Pagan (1980) Test

It is a Lagrange Multiplier test based on the
correlation coefficients of the residuals at T —
oo cases, wWhile N is constant in the Breusch and
Pagan (1980) test. LMgp test based on the
correlation between errors bpij and the test
statistics were calculated as follows model
[28].

LMpp = TXN 244 BF 4)

(X?; N(I\;_l)) at  Chi-square asymptotic

distribution and degrees of freedom in case of (T>
N).

Where, the ﬁizj indicates the sample predictived

value of the cross-section correlation coefficients of
the equation between the residuals. In Breusch and
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Pagan (1980) LMgp test, the null hypothesis of no
dependence in cross-sections is tested against unit
hypothesis of dependence between two cross
sections.

Pesaran scaled LM Test

Pesaran (2004) criticized the fact that the power of
the LMpp test decreases as the number of cross-
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section units (N) increases, and even the fact that thus, the following scaled version of CDyy; that
the test cannot be used in the case of N—oo. Thus, for testing the hypothesis of cross dependence even
he recommended by overcoming these problems for N and T large:

— 1 N-1yN ~2
CDLm1 = /m&ﬂ i=i+1(TPij — 1) (5)

According to Pesaran (2004) CDypn; test, it is developed the test statistics consists of the sum
assumed that there is no cross-sectional dependence of the correlation coefficients between cross-
when T—oo ve N—oo. However, in cases where section residuals. According to Pesaran (2004)
N>T, the CDyy; test shows significant distortions, CDy o test, it is also assumed that there is no
and the deviations increase as N gets larger [29]. cross-sectional dependence when T—w ve N—w
Pesaran CD Test and the test statistic shogld be used in case _the

cross-sectional size (N) is larger than the time
In order to overcome the problems of dimension (T) is (N >T). Pesaran CD test statistic
significant distortions and the increase in is calculated with the following formula:

deviations as N gets larger, Pesaran (2004)

2T - .
CDrmz = m(ZiN:f iLi+1 D) (6

This test statistic shows a standard normal The null and alternative hypotheses used for
distribution under the Ho hypothesis, which the cross-sectional dependence test are as
shows that there is no relationship between follows:

cross-sections [29, 30].

Ho : Cov(uj; uj;)=0, There is no cross-sectional dependence.
Ha: Cov (ujs; uj)#0, There is a cross-sectional dependence.

Finally, p-values are calculated to decide about _
the null hypothesis [31]. According to the test 3.2.2 Homogeneity Tests
results, If the calculated probability values are Before performing a cointegration test, it is

bigger than the significance values, the null necessary to learn whether the slope coefficient
hypothesis cannot be rejected, this means that present in the cointegration equation is

there is no cross-sectional dependence between homogeneous or heterogeneous to reach
countries. In this case, the analysis should be reliable findings from this analysis. For
continued with first generation panel unit root determining homogeneity or heterogeneity,
tests. In contrast, If the calculated probability slope homogeneity tests recommended by

values are smaller than the significance values, Pesaran Yamagata (2008) based on DELTA
the null hypothesis rejected, this means that tests, as well as the Swamy S test (2071) were
there is cross-sectional dependence between used.

countries. In this case, the analysis should be )

continued with second generation panel unit Swamy S Homogeneity Test

root tests [32]. To test the Random Coefficients model, the

difference between the unit-specific least
squares estimator and the weighted mean
matrices of the within-group estimator, which
ignores the panel structure of the data, can be
looked at. Swamy test statistics formula is
shown below [33]:
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X; MtXl

C — .2 — N n*

S = xk(N—l) - i=1(.81 B ) (:Bl B ) (7
Where, p;is OLS estimators from regressions WE mean matris it means that the parameters
by units, B* is weighted WE estimator and are hetrogeneous [35].
X M¢X; .
—L " js difference between the variances of Slope Homogeneity Tests

i .
the weighted WE estimator and OLS estimator. Slope Homogeneity Tests based on the
The test statistic has an XZ2distribution with DELTA ftests are an improved version of the
N(N-1) degrees of freedom [34]. If there is no Swamy test for panel data with large N and T
statistically significant difference between the by Pesaran and Yamagata (2008). Pesaran and
OLS estimators and the WE mean matris it Yamagata (2008) developed two dlffer_en_t test
means that the parameters are homogeneous. In as large samples and small samples statistics to
contrast, if there is statistically significant test hypotheses [36]:
difference between the OLS estimators and the
~ N"18-k

For large samples: A= v/N ( o ) (8)

In the case of normally distributed errors the
mean-variance bias adjusted was expressed the
following way:

For small samples:  Ayq; = \/_( 5 E(Z‘t)) (9)

Where, N is cross section number, S is Swamy dependence, first-generation panel unit root
test statistic, E(Zz) —k is number of tests and in case of cross-section dependence,
explanatory variables and Var(Zz)=2k/(T-k-1) second-generation panel unit root tests are
shows to the standard error [37]. The null and used. According to the results of Breusch and
alternative_ hypotheses used for the Slope Pagan (1980) LM, Pesaran (2004) scaled LM
Homogeneity test are as follows: and Pesaran (2004) CD's cross-section
Ho: slope coefficients are homogenous dependence tests shown in Table 3, Because of
Ha: slope coefficients are heterogeneous The calculated probability values are smaller
Finally, p-values are calculated to decide than the significance values at 1%, 5%, and
about the null hypothesis. According to the test 10% the null hypothesis were rejected ve there
results, If the calculated probability values are was  cross-sectional ~ dependence between
bigger than the significance values, the null countries. Thus, in the study it will be used
hypothesis cannot be rejected, this means that second generation panel unit root tests [39].
the models are homogeneous. In contrast, If the Therefore, the second-generation panel unit
calculated probablllty values are smaller than root tests, CADF cross sectional augmented
the significance values, the null hypothesis Dickey-Fuller and cross-sectional Im, Pesaran,
rejected, this means that the models are and Shin panel unit root test developed by
heterogeneous [38]. Pesaran (2004, 2007) and Hadri-Kurazomi
3.2 3 Panel Unit Root Tests Panel unit root tests developed by Hadri and

) o ) Kurazomi (2012) were used in the analysis.
In panel unit root analysis, different unit root

tests have been developed depending on CIPS Panel unit root tests _
whether there is a cross-sectional dependence Pesaran CADF panel unit root tests is an
or not. In the case of no cross-section expanded form of ADF regression with first
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differences of individual series and cross-
sectional means of lag levels. CIPS and CADF
tests working under the assumption of cross-
section dependence can be used in cases where
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both T>N and N>T. Accordingly, the CADF
regression can be written as in equation
(10) below [40].

AYit = aj + biYi,t—l + Ci?t—l + diA?t + Si,t (10)

where, AY;, IS Critical values of the
individual CADF test, Yj;_, Y;_;and AY, is
non-constant, constant and constant trend
values based on Least Squares regression,
respectively and € is the error term. CIPS
test statistics are based on cross-sectional

augmented ADF (CADF) panel unit root test,
which is calculated for each section unit. After
calculating the CADF test statistic as given in
the first equation, the CIPS value is calculated
as follows [41].

CIPS = N1 YN CADF; (11)

The null and alternative hypotheses for the
CADF and CIPS panel unit root tests
demonstrate the unit root and stationarity,
respectively. The calculated values are
compared with the critical values created by
(CIPS) and Pesaran (2007) based on Monte
Carlo simulations. According to the test results,
If the calculated values are bigger than the
critical values, the null hypothesis cannot be
rejected, this means that there is the unit root.
In contrast, If the calculated values are smaller
than the critical values, the null hypothesis
rejected, this means that there is stationarity
[42].

3.2.4 Durbin Hausman Panel Cointegration
test

The next step after determining the stationarity
of the variables subject to the analysis is to
investigate the existence of a long-term
relationship between the variables [43]. Durbin
Hausman Panel Cointegration test, which is a
second-generation Panel Cointegration test that
allows heterogeneity and cross-sectional
dependence and considers lag lengths, will be
applied. Westerlund's Durbin-Hausman (2008)
cointegration method can be used to test the

existence of long-term relationships between
non-stationary and cross-sectional dependence
variables. Some conditions for using this
method: the dependent variable must be
stationary at the level, it can be used even if
some of the explanatory variables are
stationary, and different test statistics can be
calculated for hypotheses that consider both
panel homogeneity and panel heterogeneity
[44]. The Durbin—-Hausman group statistic is
based on the heterogeneity assumption in the
panel and the panel statistic is based on the
panel homogeneity assumption. In the
calculation of test statistics, constant and trend
variables specific to the countries that make up
the panel are used for panel statistics, and
common constant and trend variables are used
for the countries that make up the panel for
group statistics. In this test, the H, hypothesis
and the H; hypothesis for group statistics are
established as there is no cointegration for all
units and there is cointegration for some units,
respectivly [45]. The Durbin—Hausman Panel
Cointegration test for group statistics, which is
based on error correction, is calculated based
on the model below.

DHg = ?—15’:1 (EE - (/E)Z Z{—z éit—1 (12)

where DHg denotes panel statistics and is
obtained by summing the individual terms
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before they are aggregated. In this test, the H,
hypothesis and the H; hypothesis for panel
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statistics are established as there is no the panel statistic, which is based on error
cointegration for all units and there is correction, is calculated based on the model
cointegration for the panel, respectivly. The below.

Durbin—Hausman Panel Cointegration test for

DHp = SAL(Eﬁ - El\))z Z{l=1 Z{—z éii-1 (13)

The DHp group represents the average statistic this relationship. Therefore, in this study, the
and is created by multiplying and then adding Mean Group Dynamic Least Squares
various terms [46]. (DOLSMG) Estimator, which was brought to
the literature by Pedroni (2001), and the

3.2.5 The long-term Pedroni cointegration Second-generation long-run Pedroni
test cointegration test, which allows heterogeneity
. . . . . and cross-section dependence, were used. The

If a long-term rela_tlonshlp (comt_egratlon) IS DOLSMG estimator is based on the model
detected, panel cointegration estimators are shown in Equation 16 [47]:

used to determine the direction and degree of

Vit = 0+ BXje + u; (16)

The model given in Equation 16 is estimated are then combined with the Pesaran and Smith
by dynamic least squares (DOLS) method by MG approach to obtain the whole panel value,
adding antecedent values and delays for each as shown in  Equation 17  [48]:

section. The values calculated for each section

Boorsmc = N ZM1(X1e1(ZieZ; N7 (Bl=a(Zie Vie)) (A7)
where the explanatory vector Z; ; is Z; ; = (Xi ¢, Xiy AXipg, on o AXieyr)for Yo = Y, — V.

Therefore, the DOLSMG estimator is obtained by taking the average of the DOLS estimators obtained
for each i unit. The Bporsmg = N1 3N, [?DOLSJ and t statistics are averaged and

_ — N-1YT 4
converted to toorsme = NV t-1880o1s [49].

~ _ = 1
Thus, (tBoors; = Boorsi = Y072 T (X — XD2) 2 (18)

The new equation has the form of the pattern shown in Equation 18 [50].
Pesaran (2004) scaled LM and Pesaran (2004)

4 Findings CD tests were used to test both variables and
As a result of the increase in cooperation and three models. In addition, Swamy S
integration  between  countries in  the Homogeneity and Slope Homogeneity Tests
globalizing world, macroeconomic variables of are used to determine whether the models were
countries have become interdependent and homogeneous or heterogeneous. The results of
economic shocks in one country directly or the cross-section dependence in both the
indirectly affect the other country. In order to variables and the three models and the
determine whether there is cross-sectional homogeneity between the variables in the three
dependence, Breusch and Pagan (1980) LM, models are presented in Table 3 below.
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Table 3 Cross-section dependence and slope homogeneity tests results

Variables Breusch-Pagan LM

Pesaran scaled LM

Pesaran CD

GDPPC 1400.794* 116.179* 37.372*
oT 1416.460* 117.543* 37.616*
INI 1431.497* 118.851* 37.829*
HDI 991.489* 80.553* 30.398*
POP 1178.217* 96.806* 3.381*
Cross-Sectional Dependence Tests by Models
Model 797.468* 63.666* 27.067*
Homogeneity Tests by Models
DELTA Test Swamy S Test
A Bogj. chi2 Degrees of Freedom
Model 17.579* 20.447* 6231.60 * chi2(55)

*, ** and *** indicate the rejection of the null hypothesis at the 1%, 5% and 10% significance level, respectively.

According to the results of the three cross
sectional dependence tests for both of 3 models
and variables in Table 3, the calculated
probability values are smaller than the
significance values at 1%, 5%, and 10%, so the
null hypothesis were rejected, this means that
there is cross-sectional dependence between
countries. In this case, the analysis should be
continued with second generation panel unit
root tests. According to results of tests of Slope
and Swamy Homogeneity tested for 3 models
at 1%, 5%, and 10% of the significance values,
the calculated probability values are smaller
than the significance values, the null
hypothesis rejected, this means that the models
are heterogeneous.

Table 4: CIPS panel unit root test results

GDPPC -0.335
oT -0.313
INI -6.756*
HDI 0.646
POP 0.765

According to The results of cross-sectional of
Breusch-Pagan LM, Pesaran scaled LM and
Pesaran CD tests and of slope homogeneity
tests of Delta, Delta adj and Swamy S Tests are
shown in Table 3, in all analyzed variables in
this study, This study was analyzed with the
second generation heterogeneous test, the CIPS
unit root test. In addition, it has been
investigated whether this study has constant
and/or constant - trend. According to the
results of the graphs shown in the appendix 1,
this study does not contain trend and for the
reason, have used CIPS unit root test at
constant. The results of the constant CIPS unit
root test is shown in table 4 below.

-2.327 *
1.714**
-5.153*
-1.774*%*
-3.659*

*, ** and *** indicate the rejection of the null hypothesis at the 1% , 5% and 10% significance level, respectively.

According to results of the CIPS panel unit
root test shown in Table 4, all the series except
INI have a unit root for the constant model. In
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contrast, the series are stationary at the first
differences. With the other expression the
series are stationary of differences 1(1).
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As a result of the preliminary tests, it was
understood that there is a cross-sectional
dependence tests and the model contains
heterogeneous parameters, so it was decided to
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apply Durbin Hausman panel cointegration.
The results of Durbin Hausman panel
cointegration test are shown in table 5 below.

Table 5: Durbin Hausman Panel Cointegration test results

Durbin Hausman for Group

Durbin Hausman for Panel

4.523

7.705

0.000*

0.000*

*, ** and *** indicate the rejection of the null hypothesis at the 1% , 5% and 10% significance level, respectively.

It is seen that the coefficient calculated Durbin
Hausman for Group and Panel in the results in
Table 5 is statistically significant. In other
words, when the significance of values of the
Durbin  Hausman for Group and Panel
cointegration test is examined, it is seen that
the null hypothesis is rejected, and the test
statistic is significant at the 1% significance
level. The result shows that there is a
cointegration relationship between GDP per

Table 6: Pedroni estimation test results

t-stat

Austria -0.44 -13,11* 0.15
2 Belgium 0.92 22.96* -0.06
3 | Czech -0.18 -2.89* 0.16
4 Estonia 2.04 3.32* 2.37
5 Finland -0.05 -3.22* 0.06
6 Greece 12157 -15.62* 0.27
7 Hungary 0.35 8.11* -0.22
8 Iceland 0.65 16.10* -0.42
9 Latvia 0.66 17.36* -0.06
10  Luxembourg 0.77 12.74* -0.09
11 Netherlands -0.53 -6.09* 0.37
12 Norway 1.90 10.69* -0.56
Model 041 14.54* 0.13

capita and turnover, the share of individuals
using the internet in the population, human
development index and population in the long
run in the model.

The coefficients of this long-run relationship
are determined using the Pedroni estimator,
considering the results of the parameter
heterogeneity and cross-sectional dependence
tests. Table 6 below shows the Pedroni
estimation results by countries and model.

t-stat
13.47 * 777 14.29* -2.66 -16.25*
-2.06** 1.29 -5.23* 1.89 13.65*
-4.08* 6.07 8.39* 8.85 -32.41*
9.71* -23.7 -7.86* -4.81 -1.75%**
-5.39% 7.38 26.86* 13.04 18.90*
8.69* 0.37 1.31 7.96 21.10*
-6.52* 241 2.39* -2.43 -14.42*
-9.95* 2.38 3.81* -0.85 -6.43*
-5.90* 9.53 21.79* 113 9.23*
-1.52 -2.32 -5.73* -1.53 -13.76*
8.59* 2.76 18.73* 5.63 5.40*
=1/l 9.70 8.68* -2.70 -8.18*
-0.61 1.75 25.24* 0.49 -7.19*

*, ** and *** indicate the rejection of the null hypothesis at the 1% (2.576), 5% (1.962) and 10% (1.646) significance level, respectively.
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When the DOLSMG results in Table 6 are
examined, the t statistics of turnover, human
development index and population variables at
the 1% significance level were found to be
significant in the long run for the entire panel
and turnover, human development index and
variables affect GDP per capita. However, the t
statistics regarding the share of individuals
using the internet in the population variables
are not significant for the whole panel in the
long run at the 1%, 5% and 10% significance
level and the share of individuals using the
internet in the population variable does not
affect GDP per capita. It is estimated that 1%
increase in turnover and HDI will increase
GDP by 0.41% and %49, respectfully while the
effect of other variables is constant.

5 Conclusion and

implementation

In this study, it was used the long-term Pedroni
cointegration test to analysis the relationship
between overall turnover, the share of
individuals using the Internet in the population,
Human Development Index (Life Expectancy
Index, Education Index & GNI Index),
Population and GDP per capita on based
annual panel data set of 12 European countries
in the context of the GDP per Capita model
over the period from 1998 to 2020. In the
globalizing world, positive or negative shocks
in one country also affect other countries.
Therefore, firstly, cross-section dependence
and homogeneity, which is one of the leading
problems of panel data in terms of in the model
and countries, were investigated. The results of
analysis illustrated that there is cross-sectional
dependence in all variables and model and also
there is heterogeneous. According to the results
of the cross-sectional dependence tests and
homogeneity tests, the CIPS test, which is one
of the second-generation unit root tests, was
used. CIPS panel unit root test results showed
that all variables, except for the share of
individuals using the Internet in the population,
were stationary at 1st difference. the Durbin
Hausman Panel Cointegration test which
allows the cointegration test to be performed
when the independent variables are stationary

policy
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at the level and the 1st difference is stationary
was used to investigate the existence of a long-
run relationship in the model, and a long-run
relationship  between the variables was
determined. In the model, the Pedroni
estimator was used by determining the long-
term relationship parameters. When the
DOLSMG results in terms of turnover are
analyzed based on countries, the t-statistics of
the long-term parameter estimation of all
countries were significant at the 1%
significance level. Except for Austria, Czech,
Finland, Greece and the Netherlands, the
change in turnover positively affects all other
countries. In accordance with the findings in
terms of the long-run relationship obtained in
Mustapha Ben Hassine and Nizar Harrathi,
Serdar Birinci, Walid Belazrega and Kais Mtar
and Perry Sadorsky's study, the results have
been consistent the realtion between turnover
and GDP per capita.

Although it was insignificant in the long run
for the entire panel in terms of the share of
individuals using the internet in the population,
except for Austria, it was significant Belgium
at the 5% significance level and all other
countries at the 1% significance level. Except
for Belgium, Hungary, Iceland, Latvia,
Luxembourg and Norway, the change in the
share of individuals using the internet in the
population  positively affects all other
countries. Gholizadeh, according to the study
made by H. et al, Billon, M., et al, Eren the
results has been different the relationship
between the share of individuals using the
internet in the population and GDP per capita
in term of model. It has been concluded in the
Meijers’s study that GDP per capita was
predicted not to lead strong results in all cases.
When the DOLSMG results in terms of human
development index are analyzed on the basis of
countries, the t-statistics of the long-term
parameter estimation of all countries except for
Greece were significant at the 1% significance
level. Except for Estonia and Luxembourg, the
change in human development index positively
affects all other countries. According to the
findings in terms of the long-run relationship
obtained in Zhaohua Wan, Arabi, K.A.M., et
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al, Wang, Z., et al and Elena Pelinescu 's study,
the results have been consistent the relationship
between HDI and GDP per capita.

When the DOLSMG results in terms of
population are analyzed based on countries, the
t-statistics of the long-term parameter
estimation of all countries were significant at
the 1% significance level and Estonia at the
10% significance. Except for Austria, Estonia,
Hungary, Iceland, Luxembourg and Norway,
the change in population positively affects all
other countries. According to the study made
by Mehmet Ali Polat and Adem Karakas, Eren
the results have been consistent the relationship
between Population and GDP per capita.
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