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Abstract: The COVID-19 health and economic crisis has affected all areas of social life globally,
including the economy. The world economy has declined due to purchasing power for individuals
who have been forced to stay at home and cannot perform work. These restrictions to prevent
the spread of SARS-Cov-2 have led to an increase in electronic commerce and mobile commerce
as tools for procuring goods and services. In this paper, we conducted a longitudinal analysis of
mobile commerce as an essential electronic commerce component, establishing the main drivers of
mobile commerce and the intensity of their influences. The research focuses on mobile commerce
in the United States (U.S.). It covers the period 2010–2020, the last year of this period capturing
the context of the COVID-19 pandemic and its impact on electronic commerce (e-commerce) and
mobile commerce (m-commerce). In the macroeconomic analysis of competitiveness, we established
the main drivers of m-commerce, using artificial neural networks and the mediation effects found
between the variables that describe m-commerce, e-commerce, and total sales, using structural
equation modeling. The research results indicate an increase in the share of e-commerce in total sales
and a predominance of the m-commerce share in e-commerce on the background of traffic restrictions
and social distance rules imposed due to the COVID-19 pandemic. Stakeholders in the m-commerce
area should consider the following enhancing drivers: increasing internet speed, expanding 5G and
Wi-Fi networks, and increasing accessibility and trust in mobile devices and applications.
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1. Introduction
Today, trade is going through an unprecedented stage of dynamism and innovation.
Technological leaps increase productivity and facilitate the sales process. In addition,
consumer behavior and expectations evolve, which generates new business models that
will profoundly influence commerce in general, especially e-commerce. According to some
estimates, e-commerce will reach USD 4.9 trillion in 2021, increasing by 14% compared to
2020 [1]. Furthermore, due to the expansion of mobile devices (smartphones and tablet
PCs) and their ubiquity in the lives of individuals, mobile commerce (m-commerce) has
distinguished itself as an additional sales channel.
The social distancing rules established due to the COVID-19 pandemic have substantially
changed sales business models, forcing several consumers, who would not usually use mcommerce, to turn to this channel [1,2]. According to [2], the effect of the COVID-19 pandemic
will lead to an increase in long-term mobile commerce, but some of the new consumers
integrated into m-commerce will return to e-commerce or traditional trade (offline). There
are estimates that by 2023, there will be approximately 1.3 billion mobile payment users
globally [3]. However, a lot of studies can be found in the literature [4–10], where several
uncertainties can be noted regarding the motivation of consumers to continue using mobile
commerce, the advantages perceived by consumers in the use of mobile commerce, and the
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comparison of these advantages with the benefits offered by other channels. According to [11],
m-commerce can only sustain upward trends because it combines all its services. M-commerce
uses the most modern tools to achieve sales and will become a dominant force in global trade
due to the multiple services offered, design, and content features [12]. Dumanska et al. [13]
note a relatively rapid transition of consumers to e-commerce and chiefly m-commerce due to
technical development, globalization, liberalization of international trade, and fluctuations in
consumption habits, phenomena that have profoundly influenced the development of global
commerce from old-style methods to online.
Given the health rules and traffic restrictions generated by the COVID-19 pandemic, it
can be observed that changes in consumer behavior influence the growth of e-commerce
sales, especially m-commerce. Social distancing is necessary to create a physical space
between individuals to avoid transmitting diseases and combat the danger of contagion [14].
According to World Health Organization (WHO) recommendations, the most effective
way to implement social distancing is to carry out all activities at home (work at home
and online communication, online education, online medicine, online commerce). During
strict lockdown periods, almost all need for goods was assumed as a place of delivery—the
residence—and a tool of ordering and even paying via the internet. E-commerce and
m-commerce have benefited from the restrictions because they offer the facility to purchase
goods and services regardless of location. This phenomenon shows that the COVID-19
pandemic causes negative effects and losses; still, positive stakes, opportunities, and
challenges can facilitate the intensification of innovation implementation in the industrial
revolution 4.0 [15].
Given the dynamic and rapid changes in the m-commerce and e-commerce segment,
it is necessary to research their developments, macroeconomic analysis of the drivers of mcommerce, and the potential mediation effects established between the variables describing
m-commerce, e-commerce, and total sales. These analyses help set trends in m-commerce
and e-commerce. The research question was posed in this context: how has m-commerce
evolved in the last eleven years, and what are the main drivers that influence this evolution?
Starting from the research question, the purpose of this paper is a longitudinal analysis
of U.S. m-commerce at the macroeconomic level by using different types of analysis and
statistical models: correlation analysis, comparative analysis, analysis of artificial neural
networks, and modeling of structural equations. Following the study, we establish the
main drivers of mobile commerce and the intensity of their influences. We have chosen
to research the m-commerce of the United States, given the existence of reliable statistical
data at a macroeconomic level. Furthermore, the United States’ economy is an essential
vector of the global economy and innovation and a good predictor for future trends.
The originality of the research derives from the combined application of SEM and
Artificial Neural Network on the set of data collected at the level of the United States to
identify the main drivers of mobile commerce and the intensity of their influences. The
structure of the paper is divided into six sections. After the introduction and literature
review, we described the research variables, the selected sample, the hypotheses, and the
research methods used. The following two sections show the research results and the
discussions. The last section is dedicated to the conclusions.
2. Theoretical Background
Today, e-commerce is flourishing, as most companies that traditionally trade goods
and services have focused on increasing their target customer array using online sales.
The important vectors that support the development of m-commerce are information
and telecommunications technologies, adding to the growing propensity of consumers for
mobile devices in accessing online services, as accessibility and ubiquity of mobile technologies [16]. A study on the Internet and mobile devices, We Are Social and Hootsuite [17],
shows that over half of the global population uses the Internet, and over two-thirds have
a mobile device. Mobile devices take up almost half of the time spent on the Internet
and are increasingly used for m-commerce, not just as a means of communication and
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entertainment. The growth of world trade over the last decade, coupled with the increase
in speed and internet networks and the expansion of free Wi-Fi in public places, has led to
a strong upward trend in m-commerce [18]. COVID-19 has accelerated this trend due to
imposed traffic restrictions and social distancing [15].
The literature has addressed a varied range of e-commerce matters, from technical
issues, such as transaction security [19,20], data security, and software issues [21], to
economic ones, such as marketing [22] and successful e-commerce factors [23]. The use
of mobile devices for m-commerce is another research topic addressed in scientific papers [24–27]. Other researchers have formulated an evaluation of this type of trade from the
customer’s perspective [28], assessing service quality [29]. The widespread use of smartphones and tablets, primarily in recent years, for several activities, including m-commerce,
has led to increased e-commerce.
Despite all the efforts of researchers in recent years, there is a gap in the literature on
m-commerce. Most research focuses on e-commerce as a whole, focusing less on the peculiarities of m-commerce. Starting from the conclusions of the analyses of Pousttchi et al. [30]
and Tang [31], we found that certain features and trends of m-commerce are captured
only in a few types of research so far, not taking into account, for example, the real-time
interactions, social aspects, mobility, and accessibility offered by mobile devices. Moreover,
Pousttchi et al. [30] and Tang [31] concluded that most scientific papers in this area are based
on previously developed methodologies. Tang [31] and Saritas et al. [30] (p. 1556) pointed
out that “research flows on m-commerce are still very inconsistent and fragmented”.
Duch-Brown et al. [32] review the benefits that e-commerce generates for companies
that choose this distribution channel for products and services. They point out that mcommerce provides companies with a channel to promote and distribute their products
and services more efficiently, providing consumer analysis and feedback tools. In addition, m-commerce facilitates a greater degree of product differentiation. Studying the
literature, we observed that the implementation of e-commerce, especially m-commerce,
positively influences the performance of companies and economic performance in general [33–41]. Sobihah et al. [37] and Sobihah and Lukman [42] analyzed multiple regressions
to demonstrate that e-commerce and m-commerce significantly influence organizational
performance. Zhu and Kraemer [33] illustrate that those companies with a higher degree of
e-commerce benefit from improved performance. The relationship between the implementation of e-commerce and the organizational performance of tourism companies is studied
by various authors [39–41], which indicates a positive relationship.
Other authors [35,36] show that technological resources are the key vectors of ecommerce and m-commerce, leading to better organization performance. For example,
among the benefits of e-commerce, Jahanshahi et al. [43] list improving marketing processes,
payment systems, productivity, and profits.
The COVID-19 health and economic crisis has changed the behavior of individuals in
trade activities, and a predominant orientation of individuals who traditionally shopped
(offline) towards e-commerce, and within e-commerce, to m-commerce can be observed [44].
The general behavior of e-commerce consumers changed significantly during the COVID19 pandemic. As a result, there was a sharp increase in the e-commerce share in total
sales in the United States and an increase in the m-commerce share in e-commerce, which
becomes predominant [13]. These changes will continue to some degree even when the
COVID-19 pandemic is declared to be over. It can already be seen that the extension of
the pandemic has led to a migration phenomenon from physical stores to online stores,
and it is expected that some of the new customers will remain true to this kind of trade.
Therefore, the e-commerce and m-commerce sectors will continue to grow faster than in
the pre-pandemic period [15]. This increase in both e-commerce and m-commerce had,
over time, a positive impact on the gross domestic product within the U.S. However, the
significant impact of e-commerce on GDP in 2020, when the COVID-19 pandemic was
declared, did not influence GDP evolution because other economic sectors were affected by
the health and economic crisis. Research into m-commerce developments is necessary at the
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micro-level (by investigating customer perceptions) and at the macro-level (by analyzing
the trends of the m-commerce industry) to predict future outcomes and outline the way
and time horizon in which m-commerce will become predominant globally.
3. Materials and Methods
3.1. Sample Selection and Variables
To research the evolution of m-commerce in the United States, we have chosen a longitudinal analysis, collecting chronological variables that illustrate total sales, e-commerce,
m-commerce, internet usage rate, mobile device owners’ rate, and gross domestic product
(in absolute size and the form of indices). Data collected from multiple sources covered the
period 2010–2020, and the year 2020 was influenced mainly by the health and economic
COVID-19 crisis.
Total sales (T.sales), expressed in millions of U.S. dollars, represent a series of data
adjusted for 2017, based on the Annual Retail Trade Survey. E-commerce (Ecomm), expressed in millions of U.S. dollars, represents sales of products or services made through
an online system (Internet, m-commerce, extranet, Electronic Data Interchange network,
electronic mail). We collected data on T.sales and Ecomm values from the United States
Census Bureau [45,46]. Share of e-commerce (Sh.ecomm) represents the share of total sales
by electronic means, obtained as a percentage of the variable Ecomm in T.sales.
M-commerce (Mcomm), expressed in millions of U.S. dollars, represents U.S. mobile
retail commerce revenue. Share of m-commerce (Sh.mcomm) represents the share of
the total e-commerce achieved through applications on mobile devices, obtained as a
percentage of the Mcomm variable in Ecomm. We collected Mcomm’s and Sh.mcomm’s
values from Statista [47,48].
Other tools commerce (OTcomm) is a variable obtained as a difference between ecommerce and m-commerce and represents the total of transactions made by methods other
than applications on mobile devices (such as the Internet, m-commerce, extranet, Electronic
Data Interchange network, electronic mail). Sh.otcomm is the share of total e-commerce
achieved through tools other than mobile applications, obtained as a percentage of the
OTcomm variable in Ecomm.
In addition to the variables that illustrate the level of total sales, the e-commerce level,
and the m-commerce level, we used the following two variables in the research to identify
moderation effects or to mediate them: share of internet users (Sh.i_use), which represents
the percentage of adults in the U.S. who use the internet, and share of mobile device owners
(Sh.m_dev), which means the percentage of adults in the U.S. who own a mobile device.
The data for the variable Sh.i_use were collected from Statista [49], and for the variable
Sh.m_dev, data were collected from Pew Research Center [50].
To establish the influences found between the evolution of e-commerce, m-commerce,
and economic growth, we used a variable illustrating economic growth: gross domestic
product in research. Gross domestic product (GDP), measured in billions of U.S. dollars,
includes the value of goods and services produced. The value of goods and services used
as intermediate consumptions is deducted. GDP is a series of data adjusted for annual
rates. Data on U.S. GDP values were collected from the U.S. Department of Commerce’s
Bureau of Economic Analysis [51]. Table 1 illustrates the data used in the research on the
evolution of m-commerce.
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Table 1. Data collected for the research variables.
Year

T.sales (Millions USD, $)

Sh.ecomm (%)

Sh.mcomm (%)

Sh.i_Use (%)

Sh.m_Dev (%)

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

3,818,048
4,102,952
4,302,229
4,459,848
4,641,927
4,728,119
4,848,213
5,040,214
5,253,037
5,411,037

4.45
4.88
5.4
5.86
6.42
7.15
7.91
8.79
9.63
10.69

2.75
7.75
9.5
15.95
19.02
23.93
30.23
35.26
40.93
46.46

76
79
83
84
84
84
86
88
89
90

22
35
46
55
58
69
70
73
77
81

Source: Data collected from [45–51].

3.2. Hypothesis and Methods
Based on the purpose of this study, longitudinal analysis of U.S. m-commerce, we
have formulated three hypotheses that address the relationships established between the
evolution of m-commerce and the other variables selected in the research.
A first hypothesis (H1) concerns the correlations between the chronological evolutions
of the total sales, e-commerce, m-commerce, and gross domestic product: the Mcomm
evolution correlates strongly and directly proportional to the variables Ecomm, T.sales,
OTcomm, and GDP, with the rhythm of Mcomm’s growth rate being more pronounced
than the growth rates of Ecomm, T.sales, and GDP, which will lead to a predominant share
of the total e-commerce of m-commerce.
A second hypothesis (H2) concerns the influences established between m-commerce
and its specific variables selected in the research (total sales, e-commerce, share of Internet
users, and share of mobile device owners): Mcomm supports a significant influence from
the variables Ecomm and Sh.m_dev, and respectively, an average influence from the
variables T.sales and Sh.i_use.
The third hypothesis (H3) investigates the mediation effects exerted by internet usage
rate and mobile device owners’ rate among m-commerce, e-commerce, and total sales:
Sh.i_use exerts a strong mediation effect between the variables Ecomm and T.sale, and
respectively, Sh.m_dev exerts a substantial mediation effect between the variables Mcomm
and Ecomm.
To test the hypotheses, we used first the comparative analysis and the correlational
analysis to highlight the close relationships between the variables based on the literature
and to illustrate the evolution of mobile commerce before COVID-19 (2010–2019) and after
COVID-19 (2020). Then, based on methodologies used by previous researchers [52–57] to
test the hypotheses, we applied a combination of structural equation modeling and artificial
neural network analysis. The combination of the two methods allowed the triangulation of
data and the strengthening of research results.
To test the validity of the H1 hypothesis, we used correlational analysis and comparative analysis of the growth rates of the selected variables. For the analysis of bilateral
correlations, we calculated the Pearson coefficient (1):
r xy = q

∑in=1 ( xi − x )(yi − y)
q
2
2
n
x
−
x
(
)
∑ i =1 i
∑in=1 (yi − y)

(1)

where x, y are the selected variables, and n is cases in the sample.
The growth rate of the variables Mcomm, Ecomm, T.sales, and GDP is calculated by
reporting the difference between the absolute values of each year and the absolute values
of the base year (2010) to the absolute values of the base year (2010):
r% =

x i − x0
x0

(2)
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To test the validity of the H2 hypothesis, we used the analysis of artificial neural
networks (ANN), which allows identifying the influences and importance of each variable
within the analysis model [58]. We chose a model based on back-propagation of the
multilayer perceptron type (MLP) to determine these influences (3):
n

y = ( ∑ w i x i + b ) = ϕ (W T X + b )

(3)

i =1

where w, x are vectors of weights and inputs, b is bias, and ϕ is the activation function.
A hyperbolic tangent function (4) or a sigmoid function (5) can be used as an activation
function of the hidden layer or the output layer:
f (n) =
f (n) =

e2n − 1
en − e−n
=
en + e−n
e2n + 1

(4)

1
en
= n
−
n
1+e
e +1

(5)

where n is the input variable and f (n) is the output variable.
To test the validity of hypothesis H3, we applied structural equation modeling (SEM)
(6), which allows determining the mediation effects among the selected variables. The
formula used was the following [59]:
ηi = αη + Bηi + Γξ i + ζ i

(6)

where η, ξ are the endogenous and exogenous latent variables’ vectors, B is the matrix
of regression coefficients relating the effects of the latent endogenous variables to each
other, Γ is the matrix of regression coefficients relating the effects of the latent exogenous
variables to the latent endogenous variables, ζ is the vector of disturbances, and i is cases
in the sample.
4. Results
To test the validity of the H1 hypothesis, we first calculated the Pearson correlation
coefficients between Mcomm, Ecomm, T.sales, OT-comm, and GDP (Table 2).
Table 2. Correlations between the variables that characterize sales and economic growth.

Mcomm

T.sales

Ecomm

OT.comm

GDP

Correlation
Sig. (2-tailed)
N
Correlation
Sig. (2-tailed)
N
Correlation
Sig. (2-tailed)
N
Correlation
Sig. (2-tailed)
N
Correlation
Sig. (2-tailed)
N

Mcomm

T.sales

Ecomm

OT.comm

GDP

1

0.928 **
0.000
11
1

0.995 **
0.000
11
0.955 **
0.000
11
1

0.955 **
0.000
11
0.983 **
0.000
11
0.980 **
0.000
11
1

0.909 **
0.000
11
0.986 **
0.000
11
0.932 **
0.000
11
0.952 **
0.000
11
1

11
0.928 **
0.000
11
0.995 **
0.000
11
0.955 **
0.000
11
0.909 **
0.000
11

11
0.955 **
0.000
11
0.983 **
0.000
11
0.986 **
0.000
11

11
0.980 **
0.000
11
0.932 **
0.000
11

11
0.952 **
0.000
11

11

Source: Own calculations based on data collected from [45–51]; Note: ** -strong correlation.

Following the study of the correlation coefficients between the variables Mcomm,
Ecomm, T.sales, OT-comm, and GDP, a significant positive correlation can be observed,
with all variables recording a sustained increasing evolution in the period 2010–2020. In
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2020
2020

7.46
T.sales
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16.81
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21.58
16.81
21.58
23.84
23.84
26.98
26.98
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32.01
37.58
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46.20
46.20

17.93
Ecomm
36.65
17.93
53.93
36.65
75.37
53.93
75.37
99.06
99.06
125.67
125.67
160.84
160.84
197.85
197.85
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240.45
346.92
346.92

232.35
Mcomm

3.67
GDP

372.06
232.35
792.61
372.06
1112.76
792.61
1112.76
1632.14
1632.14
2380.73
2380.73
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5651.98
5651.98
8203.97
8203.97

8.04
3.67
11.96
8.04
16.91
11.96
16.91
21.65
21.65
25.03
25.03
30.36
30.36
37.49
37.49
42.96
42.96
39.65
39.65

Source:
calculations
based
on data
from [45–51].
Source:Own
Own
calculations
based
on collected
data collected
from [45–51].

Table
rate
of of
e-commerce
much
higher
thanthan
the the
totaltotal
salessales
and and
the
Table33shows
showsthe
thegrowth
growth
rate
e-commerce
much
higher
rapid
growth
rate ofrate
m-commerce,
which in
just ten
yearsten
hasyears
exceeded
all expectations.
The
the rapid
growth
of m-commerce,
which
in just
has exceeded
all expectastrongly
upward
developments
of m-commerce,
against the against
background
of the increasing
tions. The
strongly
upward developments
of m-commerce,
the background
of the
penetration
level
of
mobile
devices,
will
increase
their
use
for
purchases
goods and
increasing penetration level of mobile devices, will increase their use forofpurchases
of
services
andservices
a predominant
share of m-commerce
total e-commerce.
phenomenon
goods and
and a predominant
share of in
m-commerce
in totalThis
e-commerce.
This
isphenomenon
illustrated inisFigure
1. in Figure 1.
illustrated

Figure1.1.Comparative
Comparativeevolution
evolutionof
ofm-commerce
m-commerceand
andother
othertools
toolsofofcommerce.
commerce.Source:
Source:developed
developed
Figure
by
authors.
by authors.

Following the
the research, we
evolution
Following
we validated
validatedthe
thefirst
firsthypothesis
hypothesis(H1).
(H1).Mcomm’s
Mcomm’s
evolucorrelates
strongly
andand
directly
proportional
to toEcomm,
GDP.
tion
correlates
strongly
directly
proportional
Ecomm,T.sales,
T.sales,OTcomm,
OTcomm, and
and GDP.
Mcomm’s growth
growth rate
rate isisstronger
strongerthan
thanEcomm’s,
Ecomm’s,T.sales’,
T.sales’,and
andGDP’s
GDP’sgrowth
growthrates.
rates.This
This
Mcomm’s
will
determine,
especially
on
the
background
of
traffic
restrictions
and
social
distancing
will determine, especially on the background of traffic restrictions and social distancing
rules generated
generated by the COVID-19
rules
COVID-19 pandemic,
pandemic,the
thepredominance
predominanceofofm-commerce
m-commerceinintotal
totalecommerce, and
thethe
increase
in the
share
of e-commerce
in total
the authors
e-commerce,
and
increase
in the
share
of e-commerce
in sales.
total Similarly,
sales. Similarly,
the
authors of [13] show that in the context of the global transformations generated by the
COVID-19 pandemic, the global economy has reduced cash flows, with trade transitioning
to the online environment, which has revealed the growing influence of the internet on
global economic processes. First, the immobility generated by the declared lockdowns

JTAER 2021, 16, FOR PEER REVIEW

8

of [13] show that in the context of the global transformations generated by the COVID-19
the global economy has reduced cash flows, with trade transitioning to2311
the
online environment, which has revealed the growing influence of the internet on global
economic processes. First, the immobility generated by the declared lockdowns around
the globe, traffic restrictions, and social distancing rules led the consumer to turn to the
around
theand
globe,
traffic
restrictions,
and social
distancing
rulesofled
the consumer
to turn to
internet,
chiefly
to mobile
solutions,
to make
purchases
products
and services.
the internet,
and
chiefly
to
mobile
solutions,
to
make
purchases
of
products
and
services.
The expansion of m-commerce was helped in 2020 by the health crisis generated
by
The
expansion
of
m-commerce
was
helped
in
2020
by
the
health
crisis
generated
by
the COVID-19 pandemic through physical distancing restrictions [15]. These restrictions
the COVID-19 pandemic through physical distancing restrictions [15]. These restrictions
have led many consumers to turn to e-commerce and especially to m-commerce due to
have led many consumers to turn to e-commerce and especially to m-commerce due to the
the ease of use of mobile devices. The convenience of using these devices and the speed
ease of use of mobile devices. The convenience of using these devices and the speed of
of mobile transactions have led more and more customers, especially those in Generation
mobile transactions have led more and more customers, especially those in Generation Z
Z and Generation X, to opt for this type of e-commerce [60].
and Generation X, to opt for this type of e-commerce [60].
To test the validity of the H2 hypothesis, we used the analysis of Artificial Neural
To test the validity of the H2 hypothesis, we used the analysis of Artificial Neural
Networks (ANN), a multilayer perceptron (MLP) model, which allows identifying the inNetworks (ANN), a multilayer perceptron (MLP) model, which allows identifying the
fluences and importance of each variable within the model. Total sales (T.sales), e-cominfluences and importance of each variable within the model. Total sales (T.sales), emerce (Ecomm), the share of internet users (sh.i_use), and the share of mobile device owncommerce (Ecomm), the share of internet users (sh.i_use), and the share of mobile device
ers (Sh.m_dev) are defined as input variables. These influence the hidden layer that repowners (Sh.m_dev) are defined as input variables. These influence the hidden layer that
resents thethe
inclination
ofofindividuals
make purchases
purchasesof
of
represents
inclination
individualstotouse
usemobile
mobile applications
applications to
to make
goodsand
andservices.
services. The
The hidden
hidden layer
layer exerts
exerts aasignificant
significantimpact
impacton
onthe
theoutput
outputvariable
variable
goods
that
illustrates
m-commerce
(Mcomm).
As
the
activation
function
of
the
hidden
layer,
we
that illustrates m-commerce (Mcomm). As the activation function of the hidden layer, we
used
a
tangent
hyperbolic
tangent
function,
and
as
the
activation
function
of
the
output
used a tangent hyperbolic tangent function, and as the activation function of the output
layer, we
we used
used aa sigmoid
bias
thatthat
actsacts
on the
layerlayer
represents
exoglayer,
sigmoidfunction.
function.The
The
bias
on hidden
the hidden
represents
enous
factors
that
concern
the
transaction’s
subject:
income,
age,
lifestyle,
occupation,
soexogenous factors that concern the transaction’s subject: income, age, lifestyle, occupation,
cial environment,
conceptions,
and
perceptions.
TheThe
biasbias
acting
on the
output
layer
repsocial
environment,
conceptions,
and
perceptions.
acting
on the
output
layer
resents
exogenous
factors,
such
as
economic
growth
and
the
evolution
of
the
IT&C
indusrepresents exogenous factors, such as economic growth and the evolution of the IT&C
try. Figure
2 describes
the synaptic
connections
(meaning
andand
intensity)
between
thethe
anindustry.
Figure
2 describes
the synaptic
connections
(meaning
intensity)
between
alyzed
variables.
analyzed variables.

pandemic,
J. Theor. Appl. Electron. Commer. Res. 2021,
16

Figure
thethe
influences
on m-commerce.
Source:
developed
usingusing
SPSS v.20.
Figure2.2.MLP
MLPmodel
modelfor
foridentifying
identifying
influences
on m-commerce.
Source:
developed
SPSS
v.20.

The error resulting from model testing is 0.023, while the error resulting from training
is 0.164. The rescaling method used was data standardization. Table 4 shows the predictors
of the MLP model.
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Table 4. The predictors of the MLP model.
Predicted
Predictor
(Bias)
Input Layer

T.sales
Ecomm
Sh.i_use
Sh.m_dev

Hidden Layer 1

Hidden Layer 1

Output Layer

H (1:1)
−0.579
0.014
0.484
0.134
0.356

Mcomm

(Bias)

0.250

H(1:1)

2.798

Source: developed using SPSS v.20.

The data analysis showed a significant influence of Ecomm and Sh.m_dev and a
relatively small impact of the variables T.sales and Sh.i_use through the hidden layer
represented by the inclination of individuals to use applications within mobile devices
to make purchases of goods and services. Higher levels of the variables total sales, ecommerce, internet users’ share, and mobile device owners’ share cause a positive change
in m-commerce levels. The external influences represented by the bias exerted on the
hidden layer are pretty consistent because the exogenous factors regarding the subject of
the transaction have had consistent adverse effects on m-commerce, due to the mentalities
and prejudices still present among individuals concerning m-commerce and e-commerce.
On the other hand, external influences represented by the bias exerted on the output layer
are positive, indicating a directly proportional relationship with m-commerce. Following
the research of the H2 hypothesis, we confirmed its validity, which shows a more substantial influence on the m-commerce of the variables share of mobile device owners and
e-commerce and a slight influence of the variables total sales and share of internet users.
However, the increase in the share of individuals using the internet and the increase in the
share of individuals owning a mobile phone are significant determinants for the evolution
of m-commerce and the general development of e-commerce. This fact also emerges from
JTAER 2021, 16, FOR PEER REVIEW
10
Figure 3, which shows the levels of absolute and normalized importance of the input
variables concerning m-commerce.
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The result of the H2 hypothesis investigation is in line with the results of other studies
showing the influence of the increase in the share of mobile device owners and the evolution of e-commerce in general, due to the rise in the number of individuals accessing the
Internet [61–64].
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Within the model, we used the method of estimating maximum likelihood. Chi-square
registered the value 24.678, with four degrees of freedom and a probability level = 0.000.
Table 5 shows the direct, indirect, and total standardized effects between model variables.
Table 5. Direct and indirect standardized effects.
Total Standardized Effects
Sh.m_dev
Ecomm
Sh.i_use
T.sales

Mcomm

Sh.m_dev

Ecomm

Sh.i_use

0.832
0.995
0.931
0.951

0.000
0.165
0.154
0.157

0.000
0.000
0.936
0.955

0.000
0.000
0.000
0.702

Direct Standardized Effects
Sh.m_dev
Ecomm
Sh.i_use
T.sales

Mcomm

Sh.m_dev

Ecomm

Sh.i_use

0.832
0.858
0.000
0.000

0.000
0.165
0.000
0.000

0.000
0.000
0.936
0.298

0.000
0.000
0.000
0.702

Indirect Standardized Effects
Sh.m_dev
Ecomm
Sh.i_use
T.sales

Mcomm

Sh.m_dev

Ecomm

Sh.i_use

0.000
0.137
0.931
0.951

0.000
0.000
0.154
0.157

0.000
0.000
0.000
0.657

0.000
0.000
0.000
0.000

Source: developed using AMOS for SPSS v20.
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Analyzing the relations in Figure 4 and the values in Table 5, we can identify strong
mediation relations between the variables Ecomm and T.sales exerted by the variable Sh.i_use
as a mediation factor. The value of the indirect effect is 0.657, while the direct impact has a
value of only 0.298, resulting in a standardized total effect of 0.955. The identified mediation
effect indicates that the higher the share of those who use the Internet, the more individuals
who will use the Internet to purchase goods and services. As a result, it will increase the share
of e-commerce in total sales, to the detriment of traditional trade methods.
The mediation effect exerted by the variable Sh.m_dev in the relationship between
Mcomm and Ecomm is relatively weak, registering only 0.137. However, the direct impact
recorded between the variables has a value of 0.858, making the total standardized effect
report a high value (0.995). This weak mediation relationship means that simply owning
a mobile device is not a determining factor in the option for m-commerce, and there are
other exogenous factors related to the subject of the transaction: income, age, lifestyle,
occupation, social environment, concepts, and perceptions.
Analyzing the model of structural equations for selected variables, we can also identify a mediation relationship, which is obvious, exerted by the variable Ecomm in the
relationship established between the variables Mcomm and T.sales. Following the research
of the validity of the H3 hypothesis, the result was a partial validation, identifying strong
mediation effects exerted by the variable Sh.i_use in the relationship between the variables
Ecomm and T.sales, and weak effects exerted by the variable Sh.m_dev in the relationship
between the variables Mcomm and Ecomm. Like other researchers, we have concluded
that m-commerce and e-commerce are essential channels of trade, which are increasingly
replacing traditional forms of commerce [15,60,61].
5. Discussion
M-commerce is the simplest form of e-commerce, as mobile devices are available to
individuals all the time, and applications are straightforward to use. Moreover, individuals
access mobile devices more often than computers for practical reasons, regardless of where
they are. Today, mobile use provides comfort and convenience in consumer transactions,
affording them a pleasant experience, which is then used as an excuse to turn into a new
consumer habit. Our research (the results of the H1 hypothesis research) and other previous
research [13,15,44] have shown that this trend of using m-commerce has increased in recent
years. Moreover, given the restrictions on movement and the rules of social distancing
generated by the COVID-19 pandemic, this trend has risen further [65].
Globally, there is an indisputable social phenomenon that targets the time spent by
individuals in the company of their mobile devices. In addition to the communication
function and the entertainment function, the use as a tool for purchasing goods and services
is among mobile devices’ most frequently used functions. Furthermore, mobile devices
have increased the accessibility and mobility of information, offering the advantages of
convenience, speed, and ease of use [66]. Our research (the results of the H2 hypothesis
research) showed that the main macro-factors that led to an increase in m-commerce were
primarily the expansion of e-commerce, including in the COVID-19 crisis context [67], and
secondly, the share of mobile device owners that has seen sustained growth in recent years.
These factors, along with the increasing share of the number of Internet users and the
expansion of sales, have led to an increase in the tendency of individuals to use mobile
applications to make purchases of goods and services.
As the exponential expansion of wireless networks and mobile devices has taken
place, consumers have paid increasing attention to m-commerce [61]. As a result, mobile
device users and the mobile technology market have sharply increased in recent years.
Furthermore, 4G communication technologies and 5G networks have attracted even more
users of mobile devices interested in accessing the internet for various purposes [61,63–67].
Our research (the results of the H3 hypothesis research) has shown that the increase in the
share of Internet users is a significant mediating variable, which leads to a rise in the share
of e-commerce and m-commerce in total sales. On the other hand, the variable illustrating

J. Theor. Appl. Electron. Commer. Res. 2021, 16

2315

the share of mobile device owners exerted relatively low mediation effects between the
m-commerce and e-commerce variables. However, these mediation effects will intensify
as Generation Z enters the labor market and will have income, given the predominant
inclination of this segment of the population towards m-commerce [60,61]. Thus, the
m-commerce environment has generated new patterns and facilitated the development of
new technologies in e-commerce.
6. Conclusions, Limitations, and Further Research
The fourth industrial revolution has generated technological advances that global
companies cannot ignore. Technological developments that have characterized recent
years in terms of wireless technologies and mobile devices have led to a change in the
behavior of individuals in general, but also a change in consumption habits. Today, many
individuals own a mobile phone or tablet connected to the internet at any time, which
makes mobile commerce accessible to most individuals, regardless of space and time, with
the advent of m-commerce. The continuous expansion, both in mobile devices and mobile
applications, has determined companies to raise awareness of the potential of m-commerce.
M-commerce and e-commerce are channels of trading with a solid upward trend, which
may rapidly become prevalent in the context of technological developments.
In this paper, we carried out a longitudinal analysis of m-commerce developments
and competitiveness at the macro-level (at the United States level). After analyzing and
interpreting the results, we can say that, due to the ubiquity and accessibility of mobile
devices in consumers’ lives, and the improvement of the quality and quantity of mobile
communications, m-commerce will dominate e-commerce and play a significant role in
total sales.
As limitations of our research, it is worth mentioning the scarcity of data at the macrolevel regarding m-commerce developments and their determinants. The longitudinal
analysis included eleven years as m-commerce became relevant, especially from the second
decade of the 21st century. Another limitation emerged from the sample selection (United
States data). Nevertheless, we have chosen to research the m-commerce of the United States,
given the existence of reliable statistical data at a macroeconomic level. Potential future
research directions might expand the study to a more significant number of drivers and
antecedents, and to multiple variables with a mediation or moderation role, influencing
m-commerce relations with other types of commerce or total sales evolution. Additionally,
as data become available, m-commerce research can expand globally. Our paper has made
a modest contribution to the macro-level analytical analysis of m-commerce developments,
proposing a research model that considers multiple macro-variables that influence mcommerce and are influenced by m-commerce. M-commerce actors can use the model
to better understand the vectors that drive m-commerce growth and invest more in the
approaches highlighted: increasing internet speed, expanding 5G and Wi-Fi networks, and
increasing accessibility and trust in mobile devices and applications.
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