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Abstract

To investigate the factors that drive e-commerce growth in Europe, we performed a panel data
analysis utilizing annual data from 32 European nations spanning a 12-year timeframe (2010 to
2021). By applying the advanced econometric technique Fully Modified Ordinary Least Squares
(FMOLS) estimation we find that GDP per capita, internet usage for finding information about
goods and services, level of education, computer skills, and internet access all positively and sig-
nificantly affect e-commerce development. Conversely, the use of the internet for engaging with
public authorities does not significantly affect e-commerce, while online banking usage shows a
significant negative effect. Our study contributes to the existing literature by analyzing a larger
and more representative panel over a broader time period, and by investigating some relative-
ly under-explored variables. The findings are crucial for policymakers in developing strategies
to boost e-commerce, focusing on economic growth and improving digital infrastructure and
broadband internet access.
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1. INTRODUCTION

In the past two decades, the rapid technological
developments in the field of computer technol-
ogy and internet, led to emergence of the “new
economy” concept. One of the economic activi-
ties that was mostly affected by the fast growth
and widespread use of internet is e-commerce.
E-commerce has grown exponentially over the
past two decades, with the largest increase in
online shoppers especially during the COVID-19
pandemic. To fully harness the potential of
e-commerce and increase its contribution to the
post-pandemic recovery, it is necessary to un-
derstand which factors affectits adoption across
countries. In addition, as part of the EU strategy
to achieve a digital single market, a comparative
analysis of e-commerce in European countries
has become increasingly important.

Despite a growing body of literature on factors
influencing e-commerce adoption, there is alack
of cross-country studies on this topic. To fill this
gap, we conducted an econometric analysis of
the aggregate-level factors influencing e-com-
merce adoption across 32 European countries
in the period 2010-2021. Our results show that
over the long term, GDP per capita, use of the in-
ternet for finding information about goods and
services, access to internet, level of education
and possession of basic computer skills have a
positive and significant impact on online pur-
chases, while using the internet for internet
banking is found to have a negative effect. The
results obtained can be further used by other
researchers and are also of practical use to pol-
icy-makers for creating policies for promoting
e-commerce.

Our paper presents a significant contribution
to existing literature by developing a robust
econometric model to assess the cross-country
adoption of e-commerce. This model considers
macro-level factors influencing e-commerce
adoption, and explores less-researched drivers
of e-commerce growth, such as using the inter-
net for seeking information about products and
services, as well as for interacting with govern-
ment authorities. By utilizing a larger and more
representative panel (32 countries in Europe,
both developed and developing), analyzing a
broader period (from 2010 to 2021) that en-

compasses periods of stability and economic
shocks, and using balanced panel data, we en-
hance the generalizability of the results. Final-
ly, the findings of this paper provide important
implications for policymakers by highlighting
areas that require more attention in advancing
e-commerce adoption.

This paperisorganized as follows. After the brief
introduction, in Section 2 we provide aliterature
review.Section3describeseconometricmethods
used in the research and explains variables
used. Estimation of the econometric model,
empirical results and possible implications
for discussion are presented in Section 4. The
final section concludes the paper and provides
recommendations for further research.

2. LITERATURE REVIEW

A comprehensive review of the existing litera-
ture has shown that there is no consensus on the
scope of e-commerce, and therefore there is no
commonly accepted definition of e-commerce.
While several researchers (Kauffman and
Walden, 2001; Grandona and Pearson (2004);
Poong et al.,, 2006) as well as OECD (2011) and
EUROSTAT (2021) define e-commerce in the
narrow sense as the exchange of products, ser-
vices and/or information through computer
networks other researchers define e-commerce
in both a narrow and a broader sense. Turban
et al. (2015, p.7) stated that e-commerce in the
narrow sense is “the exchange of goods and ser-
vices between (usually) independent organiza-
tions and/or individuals, through the extensive
use of powerful ICT systems and a worldwide
standardized network infrastructure.”, and in
the broader sense it includes not only the buy-
ing and selling of goods and services, but also
the carrying out of other online activities such
as servicing customers, collaborating with busi-
ness partners and carrying out electronic trans-
actions within the company. According to Stall-
mann and Wegner (2014), all digital commercial
transactions between companies via the inter-
net, especially the sale of goods and services,
constitute e-commerce in the broader sense.

Clarke (1999) classified e-commerce into six
categories: B2B (Business to Business), B2C
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(Business to Customers), C2C (Customer to Cus-
tomer), C2B (Customer to Business), B2A (Busi-
ness to Administration), and C2A (Customers to
Administration). In this paper, we use the defi-
nition of B2C e-commerce as given by Ho et al.
(2007), that is, B2C electronic commerce is the
use of the internet by companies and consumers
for selling and buying goods and services, as
well as for providing other business and af-
ter-sale customer services.

Identifying the determinants of B2C e-commerce
growth across countries is essential to
evaluate the key factors affecting e-commerce
development (Ho et al., 2007). The existing
empirical literature on variables affecting
e-commerce, lacks cross-country studies
that focus on macro-level determinants of
e-commerce adoption (Caselli & Coleman, 2001;
Zhu et al., 2003; Mahmood et al., 2004), and the
generalizability of their results is significantly
limited by small samples or short sampling
periods.). Moreover, the majority of studies used
survey methods to analyze individual- and firm-
level factors. Only a handful of cross-country
studies have applied econometric methods to
identify the factors influencing e-commerce
growth at the aggregate level. To identify
the factors driving B2C e-commerce growth
across the European countries, we extensively
reviewed the literature on cross-national
analysis of e-commerce adoption, which
employs econometric methods. A summary of
the literature review is provided in Table 1.

Based on the literature review, we have cho-
sen five independent variables that previous
research has identified as the most significant
determinants of e-commerce adoption across
European countries. Below is a brief description
of these factors.

Various studies stated that economic growth is
one of the driving factors of e-commerce devel-
opment in a country (Dumicic et al., 2017; Oze-
kenci et al., 2019, Huterska and Huterski, 2022;
Guz et al., 2022). In contrast to these findings,
Novkovska and Dumicic (2019) found that the
level of economic development does not have a
significant impact on e-commerce adoption. To
eliminate the effect of differences in price levels
and to enable meaningful volume comparisons
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of GDP, we included GDP per capita adjusted
for purchasing power as an independent vari-
able in our model. We formulate the following
hypothesis:

Hypothesis 1 (H1): GDP per capita positively af-
fects the development of e-commerce.

Previous findings on the influence of education-
al attainment on e-commerce growth (Wang
and Liu, 2015; Dumici¢ et al.,, 2017; Badircea
et al. 2021; Guz et al., 2022) have empirically
proved that the level of education is significant-
ly and positively related to e-commerce. There-
fore, we assume that higher levels of education
make it easier for individuals to use the Internet
for various purposes, including online shopping,
and therefore test the following hypothesis:

Hypothesis 2 (H2): There is a positive relation-
ship between e-commerce and level of educa-
tion.

Previous empirical studies have highlighted the
significance of internet access as a crucial factor
for the development of e-commerce. (Novkovs-
ka and Dumicic, 2019; Huterska and Huterski,
2022). Based on this, we propose the following
hypothesis:

Hypothesis 3 (H3): Internet access has a positive
effect on the growth of e-commerce at a country
level.

According to Ho et al. (2007), telecommuni-
cations investment intensity has a significant
impact on a country’s B2C e-commerce revenue
growth. Wang and Liu (2015), Dumici¢ et al.
(2017), and Ortiz et al. (2020) found a strong
positive relationship between IT infrastructure
and e-commerce growth. These findings lead to
the formulation of the following hypothesis:

Hypothesis 4 (H4): A broadband internet con-
nection contributes positively to the faster dif-
fusion of e-commerce.

To fully benefit from digital infrastructure, so-
ciety needs to have basic digital skills and be
able to use digital services such as online bank-
ing and e-government. According to Eurostat
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Table 1: Summary of the literature review

Variables

Employed

Methodology

213

Outcomes

Ho et al.
(2007)

Simicevic
etal.
(2013)

Wang & Liu
(2015)

Dumicic et
al. (2017)

Ozekenci et
al. (2019)

Novkovska
& Dumicic
(2019)

17 European
countries,
2000-2004

EU-27
member
states, 2009

China, 2000-
2012

31 European
countries
(the EU-28
member
states,
Macedonia,
Serbia and

Turkey), 2015

31 European
countries,
2004-2015

31 European
countries,
2017

The ratio of Internet
users to total
population, GDP share
of capital investment
in telecommunications,
venture capital
availability, credit card
penetration, and adult
literacy

Perceived barriers to
buying/ordering over
the internet,level of
computer skills, level of
Internet skills and level
of Internet usage.

Information
infrastructure
construction, economic
level, educational level,
urbanization level,
technology level, living
standards, human capital
level and price index.

GDP per capita in in PPS,
government expenditure
on education, Internet
penetration rate and
Internet skills level of
individuals.

Internet user, inflation,
GDP per capita,
employment rate and
population.

GDP per capita in

PPS, internet access

for households and
percentage of individuals
aged 16-74, who have
basic or above basic
overall digital skills.

Panel data
analysis with
robust error
terms

Multiple
linear
regression
models

Factor model
with partial
least square
regression.

Regression
analysis

Panel data
analysis

Multiple
linear
regression
analysis

Positive and significant effects
of Internet user penetration,
telecommunications

investment intensity, and
education levels on e-commerce
in the endogenous growth
model.

Positive and significant effects of
variables from a leading country
on e-commerce in the exogenous
growth model.

Positive effects of perceived
barriers,

level of computer skills and
internet skills, and no effect of
internet usage on
e-commerce.

Positive and significant effects of
mobile phone penetration, per
capita disposable income, number
of computers per hundred
households and urbanization

rate on e-commerce. Positive,

but not significant effect of real
GDP per capita, knowledge index
and Internet_penetration on
e-commerce.

Positive and significant effects
of internet penetration rate,
GDP level and education on
e-commerce.

Positive effects of internet users,
GDP per capita, and population,
and negative effect of inflation on
e-commerce.

Positive and significant effects of
internet access and digital skills
level, and no effect of GDP per
capita on e-commerce.
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Employed

Methodology Outcomes

Ortiz et al. 13 European Mobile phone

(2020) countries, penetration, research
2003-2017 and development, and

per capita disposable
income.

Badirceaet EU-27 Education level,

al. (2021) member consumer’s residence,
states, 2011- consumer’s labour
2020 market status, internet

banking and mobile and
non-mobile users.

Guz et al. 29 countries, Internet use,

(2022) (EU-28 employment by
member education level and GDP
countriesand = per capita.

Turkey),
2007-2019

Huterska EU-27 Broadband access to

& Huterski member internet, internet use

(2022) states, 2010- preferences, ageing, GDP
2021 per capita, and human

resources in science and

technology

Source: Compiled by authors

(2023), “basic skills” refers to having at least
one basic skill, but not necessarily possessing
skills in all four domains (information, com-
munication, problem-solving, and software
skills). Simicevicetal. (2013) and Dumici¢ et al.
(2017) found a strong and positive correlation
between the percentage of people who make
online purchases and their level of computer
skills. Based on this, we are testing the follow-
ing hypothesis:

Hypothesis 5 (H5): There is a positive relationship
between e-commerce and basic computer skills
level.

In addition to the main drivers of e-commerce
that were previously analyzed, we have includ-
ed some less-examined variables in the model,
such as the utilization of the internet for e-bank-
ing and e-government services (Garin-Mufioz et

Positive effects of mobile
phone penetration, research
and development, and per
capita disposable income on
e-commerce,

Panel data
analysis

VECM model Positive and significant effects

of the individual’s education
level, place of residence and
employment status, use of the
internet for internet banking, and
ownership of a mobile device on

e-commerce.

Panel data
analysis

Positive and significant effects of
GDP per capita, internet usage
rate and education level on
e-commerce.

Panel data
analysis

Positive and significant effects
of broadband internet access,
internet use preferences,
ageing, GDP per capita, and
human resources in science and
technology on e-commerce.

al,,2019; Badirceaetal. 2021). This has led to the
formulation of the following hypotheses:

Hypothesis 6 (H6). There is a positive relation-
ship between finding information about goods
and services on internet and e-commerce.

Hypothesis 7 (H7). Using the internet for inter-
net banking positively influences e-commerce.

Hypothesis 8 (H8). The use of the internet to in-
teract with e-government has a positive impact
on e-commerce development at the macro level.

The frequency of individuals’ internet use plays a
significant role in the development of e-commerce.
Several studies have shown that more regular
and diverse internet use is associated with a
higher likelihood of online shopping (Ozekenci
etal.,, 2019; Huterska and Huterski, 2022; Guz et
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al.,,2022). However, Simicevic et al.(2013) found
that internet usage did not have a statistically
significant influence on online sales. As a result,
we propose the following hypothesis:

Hypothesis 9(H9). The frequency of internet use
is driving the development of e-commerce at the
country level.

Based on the nine postulated hypotheses, our
research question is: What factors influence the
development of e-commerce in Europe at an ag-
gregate level, and which of them are the critical
drivers of e-commerce growth?

3. DATA AND METHODOLOGY

To test the nine hypotheses that have been for-
mulated, panel data analysis will be employed.
We collected annual data on online purchases
by individuals in 32 European countries with
different levels of economic development, as the
dependent variable and data on nine explanato-
ry variables and analyze these data over a pe-
riod of 12 years (from 2010 to 2021). We chose
this specific timeframe as it encompasses peri-
ods of economic stability and growth, as well as
periods of severe economic shocks (such as the
COVID-19 pandemic crisis, Russia’s invasion of
Ukraine, and the cost-of-living crisis). The data
needed for our research were obtained from a
single source - the Eurostat database, ensur-
ing that the data is comparable. All estimations
were conducted using EViews 9 statistical soft-
ware.

Panel data estimation was chosen as the most
adequate econometric method because of its
numerous advantages. An obvious advantage
is a larger data set with more variability, and
less collinearity among the variables than pure
time series data or cross-sectional data (Hsiao,
2022; Baltagi, 2022; Brooks, 2019). In addition,
large panel data sets contain more information
on the dynamics of many cross-sectional units
over long periods. Unlike time series models,
panel data analysis accounts for individual het-
erogeneity and can control heterogeneity by
allowing for individual-specific variables. Not
controlling for the unobserved individuals’ spe-
cific effects leads to bias in the estimates. Other

advantages of panel data analysis are improved
estimation efficiency, more degrees of freedom,
and reduced multicollinearity (Hsiao, 2022).
In particular, panel data are a valuable tool for
studying the dynamics of change in the vari-
ables (Baltagi, 2022). Unlike pure time series or
cross-sectional data, panel data can detect and
measure statistical effects. The method also al-
lows all sample countries to be viewed as one
unit (a group of European countries).

The starting point of our econometric analysis is
the following panel model:

k
_ 1
Yit_ﬂ0+2ﬁintj+uit (1)
Jj=1

where i = 1,..,32 and t = 2010,..,2021, Y, rep-
resents the dependent variable (individuals who
purchased online as percentage of all individ-
uals), )(itj are the independent variables, B]. is the
parameter that summarizes the j factor contribu-
tion to the dependent variable, and u,, is the error
term with zero mean and constant variance.

To test the nine hypotheses formulated above,
we suggest the following panel data regression
model:

ECOM, = B, + B,GDPPC, + B,EDU, + B,COMSKILLS,, + B,ACC, +
+B.BB, + BUSE, + B,INFO, + BEBANK,, +B,EGOV, +u,

(2)

where the dependent variable ECOM refers
to the individuals who purchased online in
the last 12 months as a percentage of all indi-
viduals, f, represents the constant term (or
intercept), B, to B, are the coefficients of the ex-
planatory variables, GDPPC stands for GDP per
capita expressed in purchasing power parities
(PPS), EDU is a level of education as the share
of individuals with high formal education in
all individuals, COMSKILLS stands for individ-
uals possessing basic computer skills and is
expressed as a percentage of all individuals,
ACC is the internet access expressed as a per-
centage of households with internet access, BB
refers to individuals living in a household with
broadband access to internet as percentage
of all individuals, USE stands for frequency of
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Table 2: Descriptive analysis
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o
Mean 54.876 64.354 80.821 63.861
Median 56.000 66.000 82.800 65.230
Maximum 93.000 94.000 99.180 86.770
Minimum 6.00 21.00 40.00 20.000
Std. Dev. 21.625 16.619 12917 12.680
Skewness -0.3024 -0.4478 -0.8337 -0.971
Kurtosis 2.031 2.477 3.136 4.262
Jarque-Bera 20.704 17.069 44431 85.171
Probability 0.0000 0.0001 0.0000 0.0000

Source: Author’s own calculations

internet use and is expressed as share of in-
dividuals using the internet every day during
the 12 months prior to the Eurostat survey,
INFO stands for the percentage of individu-
als using the internet for finding information
about goods and services, EBANK represents
the share of individuals using the internet for
internet banking, EGOV is the percentage of
individuals using the internet for interacting
with public authorities via websites (e-govern-
ment services), and u, is the error term with
zero mean and constant variance. In the model
above, i indexes the cross-sectional dimension,
and t the time series dimension.

4. EMPIRICAL ANALYSIS AND
DISCUSSION

To understand the basic features of the data in
the sample and make general inferences about
them, first we conducted a descriptive statisti-
cal analysis. Through descriptive statistics, we
can get familiar with the measures of central
tendency as well as the measures of variability

68.360

69.000
98.000
21.000 2.000 5.000
16.533

-0.406

12.992

0.0015

LOG(ECOM)

50.087 51.724 68.417 34153.29 3.728
50.000 51.000 73.000 30367.00 3.892
96.000 94.000 98.000 89557.00 4.522

12.000 11029.00 1.386

25909 21.578 20.321 14737.00 0.644

-0.062 0.052 -0.766 1.763 -1.330

2.601 2.010 2.196 2.695 6.792  4.693

15.804 10.425 38.758 425.559 157.77

0.0003 0.0054 0.0000 0.0000 0.0000

of the dataset. The empirical results are pre-
sented in Table 2.

On average, online purchases in countries of in-
terest account for 3.728%, with internet access of
80.82%, GDP of 10.362%, broadband connection of
54.876%, using the internet for finding information
about goods and services for 64.354%, and basic
computer skills of 63.861%. The maximum values of
online purchases, internet access, broadband con-
nection, computer skills and GDP are respectively
4.52,99.18,93.00,94.000, 86.770 and 11.04%.

Based on measures of central tendency, we can
see that the data show a left-skewed distribu-
tion, as the median values for eight of the ten
variables are greater than the mean values. In
addition, the measure of skewness is negative
for all variables except for the use of the internet
in interaction with public authorities. There-
fore, a priori information was obtained that the
data did not show a symmetrical distribution.

Skewness is clearly a measure of a distribution’s
asymmetry. The Kurtosis values disclose that
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Table 3: Correlation matrix

m ~

g 2 a

ol 2] <)

2 : :

= ] S
BB 1.0000 0.8845 0.8620 0.5305 0.8658 0.8657 0.8436 0.9487  0.7202
INFO 0.8845 1.0000 0.8376 0.5808 0.8805 0.8994 0.8827 0.8222 0.6837
ACC 0.8620 0.8376 1.0000 0.4238 0.9493 0.8165 0.7804 0.8835 0.6824
COMSKILLS 0.5305 0.5808 0.4238 1.0000 0.4188 05350 0.5194 0.4321  0.4595
USE 0.8658 0.8805 0.9493 04188 1.0000 0.8687 0.8446 0.8408 0.6771
EBANK 0.8657 0.8994 0.8165 0.5350 0.8687 1.0000 0.9253 0.7869  0.6967
EGOV 0.8436 0.8827 0.7804 05194 0.8446 0.9253 1.0000 0.7676 0.6720
EDU 0.9487 0.8222 0.8835 04321 0.8408 07869 0.7676 1.0000 0.7018
LOG (GDPPC) 0.7202  0.6837 0.6824 04595 0.6771 0.6967 0.6720 0.7018  1.0000

Source: Author’s own calculations

the variables BB, EDU, COMSKILLS, USE, INFO,
EBANK and EGOV are platykurtic distributions,
i.e.,, they have less kurtosis than the normal dis-
tribution (mesokurtic).

In contrast, the variables ACC, GDPPC and ECOM
have a leptokurtic distribution, with kurtosis
greater than 3 which is the value for the normal
distribution. Furthermore, the Jarque-Bera test
is a goodness-of-fit test that analyzes if skew-
ness and Kkurtosis in a sample dataset match
the normal distribution. In general, platykurtic
distributions have fewer outliers and thinner
tails than normal distributions, while leptokur-
tic distributions have more outliers and fatter
tails than normal distributions. The Jarque-Be-
ra statistic test always yields a positive result,
and ifitis far from zero, it shows that the sample
data do not follow a normal distribution. The
Jarque-Bera test statistic indicates that none of
the observed variables in this study has a nor-
mal distribution.

There are large divergences between the values of
the variables used. This is especially true for GDP
per capita in purchasing power parity. Since our
sample consists of countries with different levels

of economic development, we assume the exis-
tence of heterogeneity in the estimation of GDP
per capita. Therefore, to eliminate the heteroske-
dasticity effect, we will continue to estimate the
relationship using natural logarithms of GDP.

Table 4: Variance Inflation Factors

VARIANCE INFLATION
VARIABLE FACTORS CENTERED (VIF)

C NA
INFO 7.789947
LOG(GDPPC) 2.270529
ACC 5.843053
COMSKILLS 1.583004
EBANK 9.464135
EGOV 7.716282
EDU 5.365953

Source: Author’s own calculations
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The correlation coefficients between the var-
iables are given in Table 3. As we can see from
Table 2, all the variables are positively correlat-
ed, with the highest correlation coefficient be-
tween the variables USE and ACC and BB and
EDU of 0.949. After dropping the variable BB,
since it explains almost the same effect as the
variable ACC and the variable USE because it is
highly correlated with ACC, we have again tested
for the presence of multicollinearity, this time
by estimating the variance inflation factors
(VIF) and the results are given in Table 3.

The values of all VIF in Table 4 are all less than
10, indicating that now there is no problem of
multicollinearity.

The next step in our analysis is testing for
cross-sectional dependence (CD). This is an es-
sential step before testing for stationarity of
the variables, since the result of this test deter-
mines which generation of unit root test will be
applied. One of the problems that panel data are
facing is the inherent presence of cross-section-
al dependence, which means that error terms or
disturbances in panel data are dependent be-
tween cross-sections. It basically arises when
the countries that are subject of interest are
associated regionally or globally and is a re-
sult of some common factors that affect all the
countries, such as energy prices, inflation rate,
technological innovation, etc. If the common
factors, which are omitted from the model, are
correlated with the regressors, which is usu-
ally the case, both the standard homogeneous
estimators for panel data (FE, RE, or FD) and
the heterogeneous MG estimator are inconsis-
tent. In this case, Pesaran (2006) suggested to
approximate the unobserved common factors
by cross-sectional averages of the regressand
and regressors, augmenting the model with the
latter to obtain unbiased estimates. The null hy-
pothesis is that there is no cross-section depen-
dence (correlation) in residuals. For testing this
hypothesis, we have implemented three tests:
Breusch-Pagan Lagrange Multiplier (LM), Pesa-
ran scaled LM, and Pesaran CD as a summary for
all variables used in analysis.

Table 5 shows that based on the p values of
the cross-dependence tests of all the variables
used in the study in the period 2010-2021, the

V. BUCEVSKA, J. BUCEVSKA

null hypothesis is rejected, which means that
the variables have influence across countries in
the long run and that any unexpected change in
social, environmental and economic phenome-
na in one of the analyzed European countries
appears to spread to other countries. There-
fore, we can proceed with tests and estimation
techniques that can account for cross-sectional
dependence.

Table 5: Cross-sectional dependence test

Null hypothesis: No cross-section dependence

(correlation) in residuals

Test Statistic d.f. Prob.

Breusch-Pagan LM 1063.097 496 0.0000
Pesaran scaled LM 18.00536 0.0000
Pesaran CD 4.446943 0.0000

Source: Author’s own calculations

Before estimation, we test the stationarity
properties of these panel data using panel unit
root tests. The existing empirical literature
suggests a range of panel unit root tests. How-
ever, almost all available tests are subject to
some statistical shortcomings regarding: (1)
the power of the test and (2) the properties of
sample size. The idea of incorporating the aver-
ages to the regressions per country is also used
by Pesaran (2007) to immunize the Im Pesaran
and Shin unit-root test against the presence of
unobservable factors. These unit-root tests that
control for the cross-sectional dependence and
are known as second-generation tests. (Burdis-
so and Sangiacomo, 2016). Based on the results
we obtained from the CD test and considering
the differences between countries in the sam-
ple, and to generate consistent results in the
presence of such cross-section dependence, we
believe that the Im, Pesaran and Shin (IPS) test
is a more realistic assumption and decided to
apply the second generation of panel unit root
tests, such as the Im, Pesaran and Shin (IPS) test
proposed by Pesaran (2007) because it relaxes
the assumption of cross-sectional independence
and allows for cross-sectional dependence. The
results are presented in Table 6.
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Table 6: Unitroot test

Im, Pesaran and Shin (IPS) unit root test

Variable ‘ Null Hypothesis: Unit root (individual unit root process)
Level Probability First Difference Probability

ACC 0.64288 0.7398 -5.56926 0.0000
EBANK 8.59027 1.0000 -1.95608 0.0252
BB 9.67400 1.0000 -2.94965 0.0016
COMSKILLS 0.75342 0.7744 -3.70886 0.0001
USE 3.80109 0.9999 -3.56073 0.0002
EDU 5.17363 1.0000 -5.67038 0.0000
INFO 2.89928 0.9981 -4.75427 0.0000
Log(GDP) 2.46540 0.9932 -2.15303 0.0157
EGOV 5.81057 1.0000 -4.45310 0.0000
ECOM -3.71312 0.9999 -4.78728 0.0000

Source: Author’s own calculations

Table 7: Cointegration tests

Type of test Null Hypothesis: No cointegration
-8.297429 0.0000
Johansen cointegration test Model: Linear deterministic trend: Intercept (no trend)

in cointegration equation and VAR

Number of Cointegrating equations Trace statistic ~ Probability Maximum eigenvalue Probability
None * 395.3937 0.0000 189.0107 0.0001
Atmost1* 206.3830 0.0000 71.80309 0.0000
Atmost 2 * 134.5799 0.0000 52.83452 0.0003
Atmost 3 * 81.74540 0.0003 36.62925 0.0075
At most 4* 45.11616 0.0147 22.54933 0.0813
At most 5 22.56682 0.0809

Model: No deterministic trend: No intercept or trend in cointegration

equation and VAR
Number of cointegrating equations Trace statistic =~ Probability = Maximum eigenvalue Probablity
None * 400.5425 0.0000 221.8256 0.0001
Atmost1* 178.7170 0.0000 60.88975 0.0008
At most 2 * 117.8272 0.0007 51.78312 0.0016
At most 3 66.04412 0.0964 31.02040 0.1056

Source: Author’s own calculations
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Figure 1: Movement of the variables in the
period 2010-2021
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As we can see from the results of the IPS unit root
testin Table 6, all the variables are nonstationary
in level and stationary in the first difference, i.e.,
[(1). When the data used in the panel model are
non-stationary, i.e., integrated of first order, es-
timation using OLS will cause a spurious prob-
lem. To solve this problem, it is necessary to test
if there is a cointegration relationship among the
nonstationary variables. Therefore, we contin-
ue our analysis with testing for the presence of
cointegration among the variables by applying
the Kao (1999) cointegration test.

The results of this test are shown in Table 7. The
Kao ADF statisticis statistically significant which
is clear evidence of the existence of a long-term
relationship among the variables. To check the
robustness of the test, we also conducted the Jo-
hansen test and applied two models. According to
the first model, trace statistic reveals that there
are 5 cointegrating equations while maximum
eigenvalue shows existence of 4 cointegration
equations. By implementing the second model,
both statistics indicate the existence of 3 coin-
tegrating equations at 5% level of significance.

In Figure 1, we have shown the movement of all
the variables in the period 2010-2021. By an-
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alyzing the graph, we can conclude that the se-
ries individually are not stationary, but there is
an evidence of existence of cointegration, since
they are following each other.

According to Im, Pesaran, and Shin test of the
unit root on the variables, we found that all the
variables used in our study are integrated of
the same order, i.e. I(1). We have also found that
thesevariables are cointegrated. Itis well known
that estimation of a model with non-stationary
variables using OLS could lead to spurious re-
gression. On the other hand, both cointegration
tests, Kao and Fisher-Johansen revealed the ex-
istence of a long-term relationship. If we use OLS
method to estimate the long-run relationship in
cointegrated panels, the estimators will suffer
from heteroscedasticity, and the distribution
of OLS estimations is not standard, which dis-
ables us to use standard inference procedures.
Having all these facts in mind, we will proceed
with Fully Modified Ordinary Least Squares
(FMOLS). FMOLS is a non-parametric approach
which was originally designed first time by
Philips and Hansen (1990) and Philips and Moon
(1999) and developed by Pedroni (2001a) and
Pedroni (2001b), to provide optimal estimates
of cointegration regressions. This technique
takes into account the possible correlation be-
tween the error term and the first differences
of the regressors and the presence of a constant
term in order to deal with corrections for serial
correlation (Maeso-Fernandez et al., 2006).

Table 8 shows the results of the panel cointegra-
tion relationship derived from FMOLS pooled
estimation methods. It examines the validity
of long-term linear cointegration relations be-
tween observed variables of the analyzed 32
European countries. The analysis takes natural
logarithm of the online purchases as the depen-
dent variable, with an adjusted sample range
from 2010 to 2021. The panel FMOLS long-run
estimation results of the 32 European countries
indicate thatalmostall the coefficients of the ob-
served variables are statistically significant at
1% and 5% levels, except for the variable EGOV.
This finding can be explained by the fact that, as
aresult of growing investment in e-government,
all European countries have already achieved
a satisfactory level of e-government develop-
ment. Today, overall, 84 percent of government
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Table 8: Fully modified OLS estimation

Variable Coefficient Std. Error t-statistic

FINDINGINFO 0.002814 0.001398 2.012591 0.0450
LOG(GDP) 0.254548 0.100462 2.53378 0.0118
ACCESS 0.017528 0.001669 10.4999 0.0000
COMPUTER_SKILLS 0.003357 0.000924 3.632262 0.0003
BANKING -0.010498 0.001544 -6.798451 0.0000
INTERNET_USE__INTERACTION_ -0.001498 0.001143 -1.310123 0.1911
WITH_PUBLIC_AUTHORITIES_

_LAST_12_MONTH

EDU 0.021834 0.001165 18.74719 0.0000
R-squared 0.98408 Mean dependent var 3.775446
Adjusted R-squared 0.982128 S.D. dependent var 0.598604
S.E. of regression 0.080025 Sum squared resid 1.985225
Long-run variance 0.008778

Source: Author’s own calculations

services across the European countries can be
completed fully online, meaning that citizens of
these countries can obtain these services fully
digitally, without the need for a physical visit to
the local city office (Farooq and Embacher-Koh-
le, 2023). Thus, hypothesis H9 is rejected.

The FMOLS estimation results reveal a signifi-
cant long-term correlation between ECOM and
the independent variables INFO, ACC, EDU, GDP-
PC, and COMSKILLS. Specifically, a 1% increase
in GDPPC results in a 0.2545% rise in ECOM, in-
dicating that higher economic development pos-
itively impacts e-commerce growth (hypothesis
H1). Additionally, a 1% increase in INFO leads to
a 0.00028% rise in ECOM, suggesting that the
more the internet is used for finding informa-
tion about goods and services, the more likely it
is to make an online purchase (hypothesis H6).

The research findings indicate that access to
the internet, level of education, and comput-
er skills have a positive impact on the growth

of e-commerce in the long term. A 1% increase
in internet access is linked to a 0.018% rise in
e-commerce activity ((hypothesis H3). Addi-
tionally, higher levels of education and basic
computer skills contribute to this expansion,
with a 1% increase in basic skills resulting in a
0.0034% increase in e-commerce (hypothesis
H5), and a 1% increase in higher education lead-
ing to a 0.022% rise in online purchases (hy-
pothesis H2). Therefore, hypotheses H1, H2, H3,
H5, and H6 are accepted. These findings align
with previous studies on e-commerce determi-
nants (Simicevic et al, 2013; Dumici¢ etal., 2017;
Ozekenci et al., 2019, Guz et al. 2022 and Huter-
ska and Huterski, 2022).

In contrast to previous findings (Badircea et al.,
2021), our estimates suggest that the use of in-
ternet for online banking has a significant nega-
tive impact on the growth of e-commerce in the
long run. Specifically, an increase in the variable
EBANK results in a 0.001% decrease in online
purchases. These results can be explained by the
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fact that in today’s digital era, mobile banking
is rapidly becoming the preferred digital chan-
nel for many customers, replacing traditional
online banking. It is anticipated that in the long
run, the number of mobile banking users will
surpass that of online banking. Therefore, the
hypothesis H7 is rejected.

Given that the R-squared and FMOLS-adjusted
R-squared values are both above 98%, we can
conclude that the independent variables explain
98% of the variation in the dependent variable,
and less than 2% of the variation is attributable
to other factors.

5. CONCLUSION

In our paper, we examined the impact of nine
factors (macroeconomic, social, and tech-
nological factors) on the growth of e-commerce
in Europe. To achieve this objective, we em-
ployed panel data analysis as it is the most suit-
able econometric method, to analyze yearly data
for 32 European countries over a 12-year period
(2010-2021).

The results of our study indicate that all the in-
dependent variables we investigated, except for
one variable (use of the internet for interacting
with public authorities), have significant effects
on the development of e-commerce in the Euro-
pean countries over the long term. Nearly all the
variables we examined (use of the internet for
finding information about goods and services,
internet access, level of education, GDP per capi-
ta, and basic computer skills), except one (use of
the internet for internet banking), have a posi-
tive impact on the growth of e-commerce.

Our research contributes to the existing body
of literature on endogenous growth theory,
which suggests that the main factors driv-
ing e-commerce growth originate from within
a country. We have enhanced previous econo-
metric studies by analyzing a larger and more
representative panel (32 countries with differ-
ent levels of economic development). Our analy-
sis covers a broader period (from 2010 to 2021)
and utilizes balanced panel data. Furthermore,
our paper investigates the impact of various
macro-level endogenous variables, including
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macroeconomic, social, and technological fac-
tors. Some of these variables, such as the use of
the internet to access information about goods
and services and to engage with government
agencies, have not been adequately explored in
previous research.

The results obtained are also of practical use for
policymakers and business in European coun-
tries. Higher GDP per capita leads to an increase
in online shopping. Therefore, economic growth
should be the focus of the development policies
of European countries. It is necessary to improve
ICT infrastructure and provide broadband in-
ternet access to facilitate the faster expansion of
e-commerce. Efforts to deliver high-quality digital
infrastructure must be accompanied by increased
investment in education and computer skills.

Like any research, this study is not without lim-
itations. Due to data unavailability for the EU
non-member countries, we could not include all
European countries in our panel data analysis.
One direction for future research is to extend
our sample to all European countries, and in-
troduce new variables in the model (age, gender,
m-banking), thus generating new insights.
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E-trgovina i faktori koji utje¢u na njezin razvoj:
empirijski dokazi iz Europe

Sazetak

Kako bismo istraZili faktore koji pokrecu rast e-trgovine u Europi, proveli smo analizu panel podataka
koristeci godisnje podatke iz 32 europske zemlje u razdoblju od 12 godina (2010. do 2021.) Primjenom na-
predne ekonometrijske tehnike procjene potpuno modificiranih obicnih najmanjih kvadrata (FMOLS) na-
lazimo da BDP po glavi stanovnika, koristenje interneta za traZenje informacija o robi i uslugama, razina
obrazovanja, racunalne vjestine i pristup internetu pozitivno i znacajno utjecu na razvoj e-trgovine. Na-
suprot tome, koristenje interneta za suradnju s tijelima javne vlasti ne utjece znacajno na e-trgovinu, dok
koristenje internet bankarstva pokazuje znacajan negativan ucinak. Nasa studija doprinosi postojecoj
literaturi analizom veceg i reprezentativnijeg panela tijekom Sireg vremenskog razdoblja i istraZivanjem
nekih relativno nedovoljno istraZenih varijabli. Nalazi su kljucni za kreatore politike kada razvijaju politi-
ke za promicanje e-trgovine kroz inicijative kao sto su poboljsanje digitalne infrastrukture i osiguravanje
Sirokopojasnog pristupa internetu.

Klju¢ne rijeci: e-trgovina, online kupnja, analiza panel podataka, metoda potpuno modificiranih
obi¢nih najmanjih kvadrata, Europa.



