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Abstract

Information and communication technologies (ICTs) continue to have a profound effect on the economies and societies where they
are used. In this article, we propose three related theories to describe the underlying mechanism for growth in e-commerce revenues at the
national level. Endogenous growth theory posits that the primary drivers of e-commerce growth are internal to a country. Exogenous

growth theory suggests that the primary drivers of e-commerce growth are external to an economic system, and reflect the forces of
the regional economy. A blend of these, a mixed endogenous–exogenous growth theory, incorporates drivers from both the economy
and the region of a country. We test a number of hypotheses about e-commerce growth in the context of these theories. The key variables
include Internet penetration, telecommunication investment intensity, venture capital and credit card availability, and education level.
The data are drawn from 17 European countries over a five-year period from 2000 to 2004, and are analyzed using panel data regression
with robust error terms, a variant of weighted least squares. The results show the differential efficacy of internal and external drivers as
endogenous and exogenous precursors of e-commerce growth across the countries for a number of different modeling specifications. We
conclude with a discussion of alternative approaches to model e-commerce growth in a country. The results also suggest the appropri-
ateness of exploring models of regional contagion for e-commerce growth.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The productive capacity of societies and standard of liv-
ing of nations are primarily determined by the evolution of
technology, and the related information and knowledge are
critical components of economic growth [17,89]. The emer-
gence of Internet-based business has radically transformed
the global economic and social landscape over the past dec-
ade [87]. E-commerce experienced a boom-and-bust busi-
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ness cycle in its transition from the dotcom bubble in
2000 and 2001 back to an economy with more modest
expectations for technology-led value. More recently, it
has been achieving steady growth in the global setting.
The development of e-commerce and related technologies
so far has mostly been limited to developed countries and
has been relatively slower in the rest of the world
[13,23,29,35,36,47]. Recent issues of the E-Commerce and
Development Report by the United Nations Conference
on Trade and Development [114,115] suggest that the
majority of developing countries face limitations for the
advancement of their digital economies. These limitations
stem largely from low income levels, low literacy rates, a
lack of payment systems that can support online transac-
tions, and cultural resistance to online transaction-making.
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UNCTAD has proposed these constraints on cross-
national e-commerce growth; however, they have not yet
been examined empirically. The lack of empirical results
highlights the importance of investigating macro-level fac-
tors affecting cross-national e-commerce growth.

Prior studies have explored the facilitating and inhibit-
ing factors for e-commerce growth and diffusion across
countries [73,125,126]. However, an appropriate theory is
needed to explain the different observed levels of e-com-
merce growth and diffusion [67,128]. This research presents
complementary macroeconomic growth theories for inter-
preting business-to-consumer (B2C) e-commerce growth
in the cross-national context. We will explore the macro-
drivers of B2C e-commerce growth across countries.3

We seek answers to the following research questions:

� Is growth theory useful for investigating B2C e-com-
merce growth and diffusion across countries? What does
it offer beyond current theories?
� How do endogenous growth theory and exogenous

growth theory help to organize our thinking about the
mechanism for B2C e-commerce revenue growth? What
new explanatory capabilities do the theories offer?
� To what extent do the growth theories explain the extent

to which growth is driven internally or externally across
countries? Does a mixed model further inform us?

This research will permit us to understand the extent to
which the growth of B2C e-commerce is driven by factors
that are internal or external to the countries in our data
set. We specifically employ a growth theory perspective

from macroeconomics and developmental economics as
the basis for eliciting answers to the research questions.
We map this perspective to a preliminary and exploratory
empirical analysis that involves an illustration of the roles
of endogenous and exogenous drivers of e-commerce
growth across a set of 17 European countries. The results
suggest the potential of variables such as Internet user pen-
etration, telecommunications investment, education level,
venture capital availability, and credit card penetration in
support of online transaction-making in explaining B2C
e-commerce growth. These vary in strength as endogenous
drivers of growth when they are from the country for which
growth estimation is being performed, and as exogenous
drivers of growth when they are from other countries and
explain the e-commerce growth of other countries.

The remainder of the article is laid out as follows. Sec-
tion 2 reviews the development of e-commerce across coun-
3 We do not include consumer-to-consumer (C2C) e-commerce, since
information is tracked by the national agencies that collect data on the
digital economy, in spite of the fact that this may constitute an interesting
aspect of the actual commerce that is being transacted. In addition, we do
not treat the growth of business-to-business (B2B) e-commerce, which
would require different modeling and variables to provide an effective
interpretation. We also do not emphasize technology adoption as a
precursor of e-commerce growth.
tries. In Section 3, we introduce the theories of exogenous
and endogenous growth and illustrate why they are appro-
priate to apply to national-level e-commerce growth. In
Section 4, we present research hypotheses that we will
empirically test to gauge B2C e-commerce growth among
17 European countries. Section 5 lays out the variables
and data sources used in this research. Section 6 presents
the details of our empirical models (including modeling
diagnostics, model formulation and functional form, full
and reduced models) and the exploratory empirical results.
We conclude in Section 7 with the contributions and limi-
tations of this research.

2. Background: global e-commerce growth

We next define e-commerce to specify what we study
and model in this research. We further discuss the back-
ground of global Internet diffusion, e-commerce growth,
and assess the main thrust of empirical research to date
on international aspects of e-commerce.

2.1. Definition of e-commerce

Although there are a number of definitions of e-com-
merce that are currently available in the literature
[61,127,112,94,60,103,50,67], the discussion of e-commerce
definitions intends to give idea of our application of growth
theory and deliver new knowledge. Zwass [127, p. 3] defines
e-commerce as ‘‘the sharing of business information, main-
taining business relationships, and conducting business
transactions by means of telecommunications networks.’’
Treese and Stewart [112, p. 5] define e-commerce as ‘‘the
use of the global Internet for purchase and sale of goods
and services, including services and support after the sale.’’
Kalakota and Whinston [61, p. 3] define e-commerce as
‘‘the delivery of information, products/services, or pay-
ments via telephone lines, computer networks or any other
means.’’ They do not limit their coverage to just Internet-
based means. Kauffman and Walden [67, p. 3] emphasize
‘‘the Internet as a medium for enabling end-to-end business
transactions.’’ Their definition ‘‘applies equally well in dot-
com [and] Internet-only business settings, as well as more
traditional business settings where the new channel of the
Internet is being used alongside existing channels.’’

We seek to identify an appropriate definition for e-com-
merce that emphasizes the B2C side of e-commerce. This is
because our measurement approach is focused on growth
in consumer expenditures relative to transaction-making
on the Internet—in other words, the revenues of Internet-
based sellers. With this in mind, we use a B2C-focused ver-
sion of Treese and Stewarts’ and Kauffman and Walden’s
definitions: B2C electronic commerce is the use by business
and consumers of the global Internet for the sale and pur-
chase of goods and services, including business services and
support after the sale to consumers. Similar to Kauffman
and Walden [67], we note that the present definition
emphasizes the Internet as a medium for end-to-end B2C
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transactions. Their definition also applies to Internet only
and bricks-and-clicks settings in which businesses and con-
sumers share information and make transactions.

2.2. The related role of Internet diffusion

The effect of computing progress on productivity has
been widely examined by researchers [43,1,86,14]. The
increasing power of computerization and declining prices
of computing are known contributors to a country’s pro-
ductivity [14]. The effects of declining prices of networking
and hardware technologies have had a marked and positive
influence on Internet technology adoption for the purpose
of conducting e-commerce. Declining prices make the fac-
tors of production for e-commerce cheaper, accelerating
adoption of Internet technologies and e-commerce business
models.

According to a recent white paper published by the
International Telecommunication Union (ITU), nearly
676 million people—about 11.8% of the total population
of the world—had access to the Internet by the end of
2003 [115]. The distribution and growth of Internet users
in different regions, however, are uneven (see Table 1).

Internet users from the developed countries contribute
to 58% of the share of global Internet users and those from
developing countries accounted for more than 36% by the
end of 2003. The developing countries’ share of global
Internet users was nearly 50% in 2000 and 2003, but the
users were concentrated in a few nations (e.g., China,
Republic of Korea, India, Brazil and Mexico, which
accounted for nearly 62% of Internet users in the develop-
ing world).

Nevertheless, the surge in worldwide Internet usage does
not necessarily correlate directly with observed growth in
the volume of e-commerce transactions or revenues. Inter-
net users often investigate what they should buy, but their
actual purchases may be made in physical stores. This is the
Table 1
Internet users by region and by level of development, 2000–2003 (thousands)

Countries 2000 Users Percent growth 2001 Users

Regions of the world

Africa 4559 34 6119
Asia 109,257 38 150,535
Europe 110,824 30 143,584
Latin America 17,673 65 29,224
North America 136,971 14 156,823
Oceania 8248 16 9601
Total 387,532 495,886

Developed, developing and other countries

Developed 285,480 19 339,427
Developing 94,352 48 139,317
Others 7700 123 17,142

Total 387,532 27.96 495,886

Source: UNCTAD (2004).
a Data source ITU (2003).
b Small differences due to rounding errors.
‘‘look-to-book’’ phenomenon that we saw towards the end
of the 1990s in the United States, when air travelers
searched for attractive airfares on the Internet, but actually
booked through traditional bricks-and-mortar travel agen-
cies [20].

2.3. Cross-country e-commerce research

In recent years, various researchers have sought to
understand factors that affect e-commerce or e-business
adoption across countries [40,54,74,78,117,121,126]. These
cross-country e-commerce studies focus on three different
levels: the individual level [78], the firm level [40,121,126]
and the country level [54,74]. Xue et al. [121], Zhu et al.
[126] and Gibbs et al. [40] provide valuable insights on
firm-level e-business adoption across countries. They
applied a technology–organization–environment frame-
work to identify facilitators and inhibitors of firm-level e-
business adoption across countries. The above discussion
suggests that adoption and use of e-business technologies
is an active research area in the information systems (IS)
discipline [108]. However, based on the current state of
the research, very little is known about the aggregate level

of national economies relative to B2C e-commerce growth.
Our intention is to explore aggregate-level drivers of B2C e-
commerce growth across countries.

2.4. Identifying drivers of global e-commerce growth

Since there are few studies of aggregate level e-com-
merce growth, no definitive list of the drivers of B2C e-
commerce growth across countries exists. To begin to iden-
tify the drivers of B2C e-commerce growth, we reviewed
the literature on cross-national technology adoption and
the diffusion of innovations [25,40,51,70,96,109]. These
studies focus on technology and innovation adoption,
and so they are not specialized or tuned for capturing
Percent growth 2002 Users Percent growth 2003 Users

63 9988 21.38 12,123
40 211,202 15.25 243,406
23 176,232 7.24 188,997
45 42,439 4.19 44,217
12 175,110 12.7a 197,389a

21 11,607 1.88 11,825
626,578b 697,957

15 388,746 7.79 419,033
50 209,556 17.53 246,290
65 28,277 15.41 32,634

23.36 626,579b 11.39 697,957
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growth. Nevertheless, these determinants give us a picture
of the potential drivers. They include GDP per capita, geo-
graphic and demographic characteristics, urbanization,
information infrastructure, cost to shop on the Internet,
adequacy of economic and financial resources, cosmopoli-
tanism, education, and human capital (see Fig. 1). We next
discuss some of these studies to identify specific variables
that will help us in modeling B2C e-commerce growth
and diffusion across countries.

We will first consider the potential link between national
wealth and e-commerce growth. Various studies have sug-
gested that GDP per capita [31,40,51,81–83,109], and the
related gross national product (GNP) per capita [25,63–
65] are indicators or drivers of national wealth. They are
likely to affect the extent of observed new product or tech-
nology development in a country. The reader should recog-
nize that GDP per capita internal to a country is likely to
be an endogenous driver of growth. However, it is also pos-
sible that high levels of GDP per capita in neighboring
countries may encourage some spillover effects for the
adoption and diffusion of e-commerce.

Second, geographic and demographic characteristics
may act as indirectly enhancing or constraining conditions
for e-commerce development [40,119]. Countries such as
Singapore and Germany, with high population densities
and high wealth per capita, have well-developed ICT infra-
structures [40]. However, high population density also may
explain the well-developed traditional retailing networks
that are observed such as in France and Taiwan. These
countries have efficient convenient traditional retailing
channels that reduce the need for online shopping [40].

Third, the availability of information infrastructure also
has been demonstrated as an enabler of B2C e-commerce
diffusion [40] and other technologies within nations
[19,21,22,120]. People cannot shop online if they do not
have telephone lines. The same is true if they do not have
reasonably quick Internet access.4 ICT infrastructure is a
prerequisite for e-commerce growth. Thus, we expect that
4 We should point out that the effects of Internet access are likely to be
subtle in this research. It probably is not appropriate to characterize
Internet access alone as being sufficient for the creation of online shopping
expenditures. We know, for example, that access speeds for the Internet
have gotten faster, while the cost of such access has fallen. In other words,
this variable has not exhibited stationarity over time; instead, there has
been a time-wise drift so that with the passage of time Internet access has
become less of an issue. As one reviewer of this paper suggested, it might
be interesting to consider the issue of Internet access in another way—by
price. However, there is no consistent international source of data to
capture either access speeds by country by year, or access prices by
country by year. Finally, within the European data set that we use, we
actually do not expect there to be so many dramatic differences in access
speeds across countries. Compared to other regions of the world, the
European countries tend to share more similar telecommunications
infrastructures. This might be of more interest to us if our data set
covered multiple continents and regions, such as Europe, Asia, North
America, etc. There are other noteworthy differences in the European
context though, so we believe it is worthy of exploratory study.
a well-developed ICT infrastructure within a country
should be associated with faster e-commerce growth.

Fourth, adequacy of economic and financial resources
will have direct effects in shaping e-commerce diffusion
[119]. The cost of Internet access is a critical factor that
affects e-commerce development. High costs for Internet
access or availability of alternative technologies (like
mobile phones) are likely to hamper e-commerce develop-
ment at the level of the economy. People will access the
Internet more often when the connection costs and the
technology costs are relatively low. Online transaction
costs, as a result, also may affect e-commerce growth.
The relevant costs include access fees and transaction costs
associated with privacy, risk and e-security issues on the
Internet [45,70,110]. Privacy, transaction cost, and e-secu-
rity issues are critical micro-level factors that may affect
people’s intentions to shop online. The availability of
online payment infrastructure capabilities, such as credit
cards and other online shopping payment support, is likely
to accelerate online transaction-making in e-commerce.

Fifth, the average level of education [70] and the quality
of human capital [16] within a country also may be influen-
tial. Technological knowledge that is necessary for the cre-
ation and effective usage of e-commerce-related activities
may not be available in countries with poorly educated
populations [38]. High levels of educational attainment
are proven to be critical in the extent of computer technol-
ogy adoption in a country [16]. In addition, human capital
is widely recognized as a key input to the R&D sector in a
country, which usually generates the new ideas and prod-
ucts associated with technological progress. Educational
capabilities and human capital resources within a country,
rather than outside of it, are most likely to influence the
growth of e-commerce in the country.

Last, Calem and Carlino [15] have shown that urban
areas typically have greater infrastructure and economies
of scale. As a result, the penetration potential for various
kinds of technologies will be higher in countries with higher
levels of urbanization. The degree of urbanization has also
been used as a ceiling parameter in models to explain glo-
bal cellular telephone adoption [25,29]. Other authors offer
somewhat different and contrasting interpretations based
on global village theory, which posits that isolated estab-
lishments will be earlier adopters of innovative technolo-
gies, and urban leadership theory, which suggests that
density creates beneficial externalities in support of earlier
adoption of new technologies in cities [39].

Although we are not able to include all the above vari-
ables in this exploratory research, they nevertheless give
us some initial ideas about the variety of potential consid-
erations that must be made to bring together a more com-
prehensive understanding of cross-country B2C e-
commerce growth. Similarly, we need to better understand
the patterns in which B2C e-commerce growth occurs
across countries. Such patterns of growth will provide us
with the raw data from which we can make deductions
about the underlying mechanisms that are at work that
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Fig. 1. Sample country-level factors affecting cross-country technology adoption. Note: The country-level drivers can be classified in terms of economy

(e.g., adequate resources, GDP), environment (e.g., geography, demography, urbanization, cosmopolitanism), people (e.g., education, human capital), and
technology (e.g., cost of online shopping, information infrastructure).

5 Exogenous technological progress is often referred to in economics as
disembodied technical change. This occurs when the production frontier
exogenously shifts over time, without any specific or identifiable source or
factor of production bearing the responsibility for causing this [88]. In
contrast, embodied technical change occurs when a production frontier
endogenously shifts in response to improvements in the design or quality
of capital goods, or in the presence of more effective intermediate inputs,
which can be incorporated in a production function as specific factors of
production [88]. The move to digital economy business processes and new
economy business models is made possible by a number of technologies
and knowledge spillovers that have changed the production frontier for
the related business services. We can look at this issue in the context of a
given economy, and attempt to gauge the specific impacts of aggregate
Internet technology or digital wireless phone services infrastructure
investments on the growth of e-commerce or mobile commerce sector
production, for example. For additional background on embodied and
disembodied technical change, see Jorgenson [55].
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lead to the observed outcomes. This is where growth theory
comes in.

3. Theoretical explanations for B2C e-commerce growth

We next provide a theoretical perspective with the
nation as the primary unit of analysis. This permits us to
develop insights on the underlying mechanisms for B2C
e-commerce growth, and the manner in which we can esti-
mation their outcomes.

3.1. Theories of economic growth

Growth theory provides a theoretical vantage point to
observe and interpret e-commerce development in the glo-
bal economy. Growth theory is generally associated with
models, mechanisms, explanations and predictive frame-
works that characterize what drives a country’s economic
growth. The most fundamental proposition of growth the-
ory is that there is continuous exogenous technological
progress. The related advances take the form of new goods,
new markets, and new processes to sustain a positive
growth rate of output per capita in the long run. This prop-
osition in technology-led economic growth matches the
context of digital economy growth. Internet technologies
create the basis for continual advances with respect to
new goods, new markets and new business models in the
digital economy, which provide the basis for e-commerce
development. On the other hand, it also widens the gap
of e-commerce development among countries. The increas-
ing gap in cross-national e-commerce development high-
lights the importance of understanding what factors drive
growth. We focus on investigating the key determinants
of B2C e-commerce growth across countries.

There have been many attempts to identify the factors
that drive economic growth and performance, and to pro-
vide suggestions to policymakers to lessen the gap between
developed and developing countries [24,71,92,102]. The
increasing availability of standardized data sets has led to
a burgeoning empirical literature on cross-country growth.
Many of these articles have examined whether economic
growth is converging relative to the United States and what
the forces are that may lead to convergence
[7,8,10,26,27,79,100]. A variety of different variables,
including labor, land, capital, infrastructure and technol-
ogy, have been measured and evaluated in terms of their
contribution to the international difference of productivity.
We next examine one variant of growth theory more clo-
sely, exogenous growth theory, as a means to begin our
exploration of where the key drivers of e-commerce growth
are likely to be operative and how they work.

3.2. Exogenous growth theory

During the 1950s, Solow [104] and Swan [107] con-
structed the first general equilibrium model of economic
growth—the Solow–Swan model—which is most represen-
tative of exogenous growth theory. Today, this body of
knowledge is known as neoclassical growth theory. The
exogenous growth theory assumes technological progress
as an exogenous component in the production function.
Since technology change is constrained to be exogenous
and costless in the model, national-level technology policy
cannot affect the long-term growth rate of per capita
income (even though it may not be logical to view the pro-
cess this way). In the neoclassical growth model, per capita
output grows in the long run only due to exogenous tech-
nological progress.5 This model demonstrates that the
effects of diminishing returns to capital investments will
cause economic growth to slow or stop without technolog-
ical progress. One implication is that capital accumulation
and population growth are insufficient to explain contin-
uing increases in per capita incomes, and that government
policy will not affect long-term per capita growth.
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The Solow–Swan model of economic growth typically is
expressed in the Cobb–Douglas production function for-
mat with aggregate output at different points in time, a
measure of the degree of exogenous technological progress,
a measure for capital stock, an indicator for the labor sup-
ply, and a productivity parameter. Output grows at a rate
equal to the sum of the growth rate of the population and
the exogenous component of technology progress [105].
According to Mankiw et al. [79], the Solow–Swan model
does well in explaining the cross-country distribution of
growth in per capita income, and the convergence rates
of countries to their steady state growth rates.

However, there are some issues with exogenous growth
theory that need to be considered. For example, consider
labor as human capital or knowledge. In the knowledge
economy, labor is human capital because knowledge from
employees can be accumulated within a firm and stored
within the systems of a firm. Another issue with exoge-
nous growth models is that they tend to treat the key
engine of growth, technological change, as a ‘‘black
box,’’ and are not able to offer policymakers with work-
able controls. Another weakness of exogenous growth
theory is that it does not address some of the complicated
issues that arise in the economic analysis of the produc-
tion and the diffusion of technology, knowledge, and
information [2]. Finally, Solow’s original model does not
consider that countries are likely to differ in the amount
of technology that they use, which might help to explain
international differences in income and social welfare over
time.

Although there are arguments about the limitations of
exogenous growth theory in explaining long-term growth,
recent empirical cross-country studies have tried to iden-
tify exogenous variables that are explanatory of interna-
tional differences in economic output [49,90,99,101,123].
These studies have demonstrated that variables such as
geography, resource endowments, infrastructure, and
political regime cause much of the international productiv-
ity differentials. The exogenous variables in some of these
studies are similar to the factors that affect technology
adoption and the diffusion of innovations in cross-country
studies in marketing and IS. We now turn to a discus-
sion of a contrasting perspective, endogenous growth the-
ory, which has a different fundamental assumption about
the role of technological progress in the production
function.

3.3. Endogenous growth theory

Endogenous growth theory was developed in the mid-
1980s in response to criticisms of the neoclassical growth
model associated with exogenous growth. Endogenous

growth theory argues that economic growth is an inter-
nally-driven outcome of an economic system, instead of
the result of forces and factors that impinge from outside
[97,98]. The main theme of endogenous growth theory is
that economic growth involves a two-way interaction
between technology and economic life: technological pro-
gress transforms the very economic system that creates it
[3]. Lucas [76], Grossman and Helpman [46], and Aghion
and Howitt [2] have provided guidance on how to endoge-
nize technological changes to create new explanations for
economic growth, for example, that technological innova-
tions are driven by the profit motives of agents within an
economy, and government policies on how technological
innovation can affect long-run growth.

A key characteristic of endogenous growth models is
the absence of diminishing returns to capital. The simplest
version of a production function (without restrictions on
the returns, e.g., diminishing, constant or increasing) is
one in which output is a function of a positive constant
that reflects the leverage on economic growth that the
technology creates, labor and capital. Endogenous growth
also means that, on balance, output growth is more
responsive to factors that occur within an economy than
outside it. This implies that exogenous factors also play
some role in contributing to the growth rate of output.
We can leverage the understanding that endogenous
growth theory has established for the links between tech-
nological knowledge and various economic and social
structural characteristics, and how such interactions result
in economic growth.

Endogenous growth theory has been widely applied in
different cross-national studies that involve the effects of
technological diffusion on economic growth. Grossman
and Helpman [46] and Rivera-Batiz and Romer [95] assess
the effects from diffusion of knowledge under the condition
of steady-state growth. Barro and Sala-i-Martin [8] con-
struct a model that combines elements of endogenous
growth with convergence of growth across economies by
considering the role of technology innovation. They claim
that the rate of international economic growth is driven
by discoveries that occur in the leading technological econ-
omies, and the following countries converge toward the
leaders because technological imitation tends to be cheaper
than technological innovation.

These endogenous growth models have the characteris-
tic that cross-country differences in policies and prefer-
ences may lead to permanent differences in growth rates
of per capita output. Several of the endogenous growth
models also can be interpreted as models of technology
adoption, because they recognize that there is an accumu-
lation of intangible capital. Endogenous growth theory
further predicts positive externalities and spillover effects
within a country from the development of a high value-
added knowledge economy [3,45]. However, there also is
a weakness: endogenous growth theory loses predictive
ability for growth convergence, where there is an allow-
ance made for the heterogeneity of economies and their
different growth trajectories toward a steady-state level
of growth [8].

The growth theories discussed so far provide us with dif-
ferent and useful perspectives on the underlying mecha-
nisms for B2C e-commerce growth across countries.
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Exogenous growth theory has proven to be powerful in
accounting for the patterns of economic development. In
contrast, endogenous growth theory assists our under-
standing of the growth in global knowledge transfer and
the transition of global economy.

3.4. Assessment of production models with contextual factors

To make an effective case for how the growth theo-
ries that we have discussed can be leveraged to build
empirical models that will provide useful insights in
our research context, we need to consider two related
issues.

We must consider the extent to which the models we
will assess are production models. The estimation of
parametric models involving input–output correspon-
dences is standard in production economics [55,57], and
has led to a number of key contributions in the economic
literature involving IT impacts [30,31,56,58]. The typical
approach that these works take is to assess ‘‘true’’
input–output production, in which the inputs are viewed
as being consumed in the production of outputs (e.g.,
energy, labor and materials in manufacturing production,
for example).

This is also true for non-parametric production function
assessment approaches, in particular data envelopment
analysis (DEA). However, the literature on DEA also
treats other circumstances in which inputs are not control-
lable or consumed. Banker and Morey [5] proposed a
method that recognizes the role of exogenously-fixed inputs
(e.g., population or income levels in a sales territory, or the
existing level of Internet users among potential e-commerce
shoppers, etc.)— non-discretionary input variables that
would not be consumed in production in the usual sense.
Banker and Natarajan [6] further note the role of contex-

tual variables, which may explain productivity outcomes.
The DEA literature examines production outcomes and
the reasons causing it via two-stage methods involving
DEA then explanatory regression. Xue et al. [122] also
point out that DEA models have used objective and per-
ceptual inputs, both of which may not be consumed or
physically-produced (e.g., customer effort in self-service
Internet-based selling, and perceptions of customer satis-
faction with Web site use for purchasing goods and ser-
vices). Several recent studies that use DEA also apply
this general approach to examine the performance of alter-
native Web site designs in Internet-based selling [48] and
the co-production of retail services by the firm and its con-
sumers [122].

For the present research, we conceptualize our study of
e-commerce growth in contextual production terms. Con-

textual production means the estimation of production out-
comes or outputs in the presence of exogenously-fixed
variables or contextual variables that have some effect on
production, but are not themselves consumed. As the
reader will see later in this article as we discuss data collec-
tion, it is difficult to acquire the typical kinds of data for
the study of a true input–output correspondence for e-com-
merce growth (e.g., related technology capital, non-tech-
nology capital, e-commerce-related labor and so on). We
will examine how to apply growth theory thinking when
the production of B2C e-commerce growth is not based
on the consumption of inputs, but on the mapping of fac-
tors that influence production outcomes in a given context
(as with both exogenously fixed variables and contextual
variables).

We also need to conceptualize the differences so that it is
clear what we can do to establish meaningful empirical
results. In operationalization terms for empirical models
of e-commerce growth, this means that we must identify
internal and external drivers—as influences on produc-
tion—and determine how they relate to one another and
to e-commerce growth. Some prior studies have examined
the contextual characteristics that are associated with
higher levels of development in developing countries and
regressed those on key indicators and performance mea-
sures. For example, Ngwenyama et al. [84] did this for
the United Nation’s Human Development Index (HDI),
which they estimated in terms of national-level investments
in health, ICT and education. We also see similar issues
being studied in the context of input–output production
correspondences, where the inputs are not necessarily con-
sumed physical inputs. Two examples are Mahlberg and
Obersteiner [77], who estimated national efficiency levels
in the production of different countries HDI, and Depotis
[28], who did this for countries in the Asia and Pacific
region. Another example that provides useful guidance in
our context is Ngwenyama et al. [85]. The authors assessed
a DEA model whose outputs are different HDI dimensions
and whose inputs are population, and investments in
healthcare, education and ICTs. The authors also refer to
these as non-discretionary input variables, as Banker and
Morey [5] did earlier. These prior perspectives in the liter-
ature are helpful to establish a solid basis for the explor-
atory modeling and analysis we will be reporting on in
this article.

4. Development of research hypotheses

We next discuss a series of hypotheses that frame the
empirical determinants of e-commerce growth across coun-
tries, according to the theoretical perspectives we have
developed.

4.1. Preliminaries and definitions

We conceptualize a country as an economic system,
within which e-commerce growth may be driven by factors
that are either from inside (internal forces) or outside of the
economic system (external forces) of that country. In other
words, there are both internal forces (e.g., Internet users,
information and telecommunication infrastructure, avail-
ability of online payment systems, venture capital, and edu-
cation level) and external forces (e.g., e-commerce



7

244 S.-C. Ho et al. / Electronic Commerce Research and Applications 6 (2007) 237–259
development in other influential countries in the region)
which affect a country’s e-commerce growth and diffusion.
In this study, we define e-commerce growth as online shop-

ping expenditures per capita in a country.6 If e-commerce
growth is primarily generated within a country’s domestic
economy, the internal factors of that economic system will
dominate the country’s e-commerce growth. On the other
hand, there may also be external forces that affect a coun-
try’s e-commerce growth. They may be result from e-com-
merce development in one or a number of influential
countries—‘‘leading’’ countries—in a region, which is rep-
resentative of knowledge and other kinds of spillover
effects. In the production economics terms in which growth
theories are often framed, these external factors can be
thought of as production influences or ‘‘inputs’’ to e-com-
merce growth that are based on interactions with the other
countries and occur outside of a country’s economic
system.

4.2. Endogenous growth model: pure internal effects

specification

An endogenous explanation of e-commerce growth sug-
gests that the primary forces of e-commerce growth are
internal to an economic system. Our starting point for an
endogenous growth model of e-commerce is a cross-country
regression of the general form yit = f (a, Xit, b, e). In this
expression yit represents e-commerce growth in a country
i at time t, Xit is a vector of explanatory variables of the
same country i with estimated parameters b, a is regression
constant, and e is an error term that may reflect omitted
variables.

Since we intend to measure the macro-level of e-com-
merce growth in an economy, we have argued that the e-
commerce growth drivers in this model should include
economy-level variables. They are Internet user penetra-
tion, the intensity of telecommunications investments, the
educational level of adults, the availability of online pay-
ment tools, and the availability of venture capital. We iden-
tified these economy-level factors from an UNCTAD study
[114], verified them with prior cross-country studies by
Gibbs et al. [40], Wolcott et al. [119] and Kiiski and Pohj-
ola [70]. In our endogenous e-commerce growth model, we
will view all of these drivers as internal to the country and
responsible for its e-commerce growth.

In economic growth theory, labor is an important input
for production; in fact, it is one of the key resources in the
economic system. Research in service operations manage-
ment and service marketing also consider customers’
6 Based on other research conducted by Kauffman and Techatassana-
soontorn [63–65], we know that it is necessary to look at consumer
expenditures and digital wireless phone operator revenues as the depen-
dent variables for economic growth in the digital wireless marketplace. If
we only count the number of cell phones or the number of service
providers, we only will have a measure of the extent of the adoption of this
technology.
involvement in service production and delivery processes
are critical in a firm’s production [18,75,124]. Customers’
involvement in the service and delivery processes can be
regarded as an input to the service production, even though
they are never consumed [80]. In B2C e-commerce growth,
we argue that Internet users are an analogous critical
resource that can be thought of as an input because Inter-
net users are co-producers of the service. Internet users cre-
ate value, such as positive network externalities, for the
growth in scale size of e-commerce. Although not all of
the Internet users in a country may shop online, they are
still potential shoppers, a likely demand-side driver for a
country’s e-commerce development. This leads to our first
hypothesis:7

� Hypothesis 1A (Endogenous Internet User Penetration

Hypothesis). The ratio of Internet users to total popula-

tion within a country is a driver of its e-commerce revenue

growth.

Investment in telecommunications infrastructure has
been shown to lessen the gap between computer and Inter-
net usage [19]. In addition, there is evidence that the avail-
ability of information and telecommunication technologies
is an enabler for e-commerce adoption and diffusion
[40,91,74]. E-commerce development is only possible in
the presence of a well-developed information and telecom-
munications infrastructure. Without the basic telecommu-
nications infrastructure and accessibility of the Internet,
e-commerce will not easily develop and grow. Thus, infor-
mation and telecommunications investment have great
potential impact on the growth of e-commerce. This leads
us to assert:

� Hypothesis 2A (Endogenous Telecommunications Invest-

ment Hypothesis). The intensity of telecommunications

investment within a country is a driver of its e-commerce

revenue growth.

According to UNCTAD [113], venture capital funding is
primarily an American phenomenon because the United
States accumulates nearly two-thirds of the global private
equity and venture capital market. European countries
are relative followers in the global venture capital market.
The United Kingdom represents around 12% and Ger-
We initially hypothesized that the raw number of Internet users would
provide a good basis for predicting e-commerce growth in a country.
However, we learned during our analysis that the degree of co-movement
and expansion of Internet users across countries made it difficult to
achieve sufficient variation in a main effects variable so as to yield
meaningful econometric estimates. Gauging the extent of Internet user
penetration in a country in terms of the larger demographic setting seemed
to be a richer proxy for human involvement with the Internet, and permits
us to link growth to both Internet users and the overall population. Still
though, this is a proxy for the number of Internet users.



Drivers in Country i
 Number of Internet users 
Investment intensity in  
telecommunications 
Venture capital availability 
Credit card penetration 
 Education level 

E-Commerce Growth 
in Country i

Fig. 2. An endogenous growth theory model for e-commerce growth. Note: The emphasis in the endogenous growth theory model is that the drivers of e-
commerce growth in country i also originate in country i. Such a view, relative to the suggested variables, is consistent with a contextual production view of
the growth of e-commerce consumer expenditure and online shopping revenues that we put forth earlier. The production of e-commerce growth occurs in
the presence of the identified drivers, but no consumption of those drivers occurs, as with a standard input–output production correspondence.
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many and France about 3% of the global venture capital.
Asia has a much smaller share of the global venture capital
funding, and within that area, Taiwan and Hong Kong
account for about half of venture capital funding. Venture
capital infusion into the technology sector paved the way
for the growth of e-commerce, via the creation of innova-
tive business models and technologies.8,9 This leads us to
assert:

� Hypothesis 3A (Endogenous Venture Capital Hypothe-

sis). The availability of venture capital within a country

is a driver of its e-commerce revenue growth.

The adequacy of financial resources is a supply-side dri-
ver that has been proven to have direct effects in shaping e-
commerce diffusion [46,119]. The payment process is an
important part of the larger business processes that support
transaction-making. We argue that online payment is a
critical portion of online transaction. Among the variety
of electronic payment tools, credit cards play a special role
in online transactions:

� Hypothesis 4A (Endogenous Credit Card Penetration

Hypothesis). The extent of the availability of credit cards
within a country is a driver of its e-commerce revenue

growth.

The average level of education [70] and the quality of
human capital [16] within a country are influential drivers
for technology adoption, although they tend to represent
the demand side, rather than the supply side. Adult literacy
is necessary for the creation of e-commerce activities which
8 We thank an anonymous reviewer for noting that that besides market
forces associated with venture capital and other kinds of investment
markets, government intervention and national-level policies also are
likely to drive e-commerce growth. These are potential omitted variables
in the analysis which follows. South Korea is a leading example, especially
in terms of the support that was offered by the government to its country’s
corporations to undertake massive investments in digital wireless tele-
communication. This led to business innovation, and growth in mobile
commerce and e-commerce. Singapore offers another similar example.

9 Another potentially confounding factor is the relatively free flow of
venture capital in Europe. This may make it more difficult to maintain the
argument that an endogenous effect of venture capital.
may not be available in countries with poorly-educated
populations [38]. High levels of educational attainment
are proven to be critical in the extent of computer technol-
ogy adoption in a country [16]. In addition, human capital
is widely recognized as a key input to the R & D sector in a
country, which usually generates the new ideas and prod-
ucts associated with technological progress. We argue that
educational capabilities influence e-commerce growth:

� Hypothesis 5A (Endogenous Education Level Hypothe-

sis). The degree of education within a country is a driver

of its e-commerce revenue growth.

We summarize the endogenous growth theory model in
Fig. 2.

4.3. Exogenous growth model: a base case for e-commerce

growth

A second case of e-commerce growth occurs when the
drivers are from another influential country in the
region—a leading country—instead of the country itself.
To represent this perspective, we can use a simple version
of the Solow–Swan model to model e-commerce growth.
The model posits that there is a technological progress fac-
tor that is exogenous: it only depends on time and does not
depend on other factors that result from aspects of the
internal economy, for example, government policy, domes-
tic capital formation, etc. A modified exogenous growth the-

ory explanation of e-commerce growth in a given country i

is that there are forces affecting growth that emanate from
another country j.

When a country is viewed regionally as a leader in some
aspect of e-commerce (e.g., Japan and Hong Kong in Asia,
and the United States in the Americas), other follower
countries may be observed to imitate aspects of e-com-
merce business development that lead to their own e-com-
merce development. Also, human capital and financial
capital may flow across their borders. This influence is an
exogenous regional contagion effect whose source is a leader
country and which is transmitted to the follower country,
resulting in co-movement in e-commerce growth [68,111].
We model this with variables that represent the drivers of
e-commerce growth in the leading country (see Fig. 3).



Table 2
Leading countries for European countries included in this study

Leading country Affected countries

Finland Norway, Sweden
France Belgium, Italy, Spain
Germany Austria, Denmark, Luxembourg,

Netherlands, Switzerland
Italy Greece
Spain Portugal
Sweden Finland
United Kingdom France, Germany, Ireland
United States United Kingdom

Note: The method we used to determine leading countries was a modified

Delphi interviewing process, involving four people who are knowledgeable
about the global diffusion of IT and e-commerce and have experience with

Drivers in Leading Country j
 Penetration of Internet  
 among users 
Investment intensity in 
telecommunications 
Venture capital availability 
Credit card penetration 
Education level 

E-Commerce Growth 
in Country i

Fig. 3. Exogenous growth model. Note: The general case involves a number of countries, j = 1, . . ., J, that may have some influence on a country’s e-
commerce growth. In addition, there is no particular requirement that the exogenous drivers in the leading country in the exogenous model need to be the
same as the endogenous drivers in the endogenous model. In fact, this is a fairly restrictive case, although it is appropriate for our initial exploratory and
illustrative purposes in this paper. Finally, we only consider a single country j as a leading country for any country i. Again, we recognize that his may be a
restrictive assumption, but it is appropriate for this exploratory theory-building research.
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To illustrate this perspective in the empirical analysis
that follows, we will select one leading country j for each
following country i that is being analyzed.10 We used a mod-
ified Delphi interviewing process to determine the leading
countries for each of the countries in our data set (see
Table 2). We also evaluate related variables to see if they
are drivers of the growth of e-commerce. The form of the
exogenous growth model is yit = f (a, Xjt, b, e), where yit

represents e-commerce growth in a country i at time t, Xjt

is a vector of explanatory variables of leading country j

(i 6¼ j) with their estimated parameters, a is regression con-
stant, and e is an error term.

The hypotheses associated with the exogenous model
relative to the drivers that we discussed previously are as
follows, reflecting the extent to which regional contagion
may be possible:

� Hypothesis 1B (Exogenous Internet User Penetration

Hypothesis). The ratio of the number of Internet users

to total population in a leading country is a driver of e-

commerce revenue growth in a country that feels its

influence.
� Hypothesis 2B (Exogenous Telecommunications Invest-

ment Hypothesis). The intensity of telecommunications
investment in a leading country is a driver of e-commerce

revenue growth in a country that feels its influence.
� Hypothesis 3B (Exogenous Venture Capital Hypothesis).

The availability of venture capital in a leading country is a

driver of e-commerce revenue growth in a country that

feels its influence.
10 The leading country does not have to be the same for all of the
countries that we are studying. Instead, there may be regional differences,
economic system similarities, cultural connections and other reasons that a
country looks to the experience of another country in the e-commerce
growth context. For example, we will argue that the United Kingdom is
the leading country for Ireland, while Spain is the leading country for
Portugal based largely on their geographical proximity, and linguistic and
cultural similarities.
� Hypothesis 4B (Exogenous Credit Card Penetration

Hypothesis). The extent of the availability of credit cards

in a leading country is a driver of e-commerce revenue

growth in a country that feels its influence.
� Hypothesis 5B (Exogenous Education Level Hypothesis).

The level of education in a leading country is a driver of e-

commerce revenue growth in a country that feels its

influence.

Although these exogenous growth hypotheses illustrate
the theoretical perspective, it is necessary to evaluate the
extent to which any similar exogenous external driver can
achieve a greater impact than the same exogenous external
variable.
cross-national research. The country relationships that we have specified
are primarily based on geographical proximity, language similarities, the
timing of domestic Internet diffusion, and international trade consider-
ations. We settled on a reflexive leading-and-affected country relationship
between Finland and Sweden in our data, based on geographical prox-
imity and what we know about digital wireless phone diffusion. The
United States was considered as a possible leading country for all e-
commerce growth in Europe. However, the model that we used did not
permit us to test this. As a result, the only instance of the United States is
as a leading country for the United Kingdom, which has close ties. The
reader should recognize this decision making process for specifying the
details of the model as a possible source of error in the models that we test.
We also note that the leading country may change over time. However, we
did not try to accommodate this nuance in our illustration.
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4.4. A mixed effects endogenous–exogenous growth model

We also will consider a third model that shows a mix of
exogenous and endogenous drivers of e-commerce growth
in a country. Again, for the purposes of simplicity and
illustration, we will assume that it is possible to identify
the external drivers are from the leading country associated
with a country in that region. In this mixed endogenous
and exogenous growth model, we can again represent this
with a function, yit = f (a, Xit, b, Xjt, /, e), with yit as the
growth of e-commerce in country i at time t. Xit is a vector
of production inputs for e-commerce growth in country i.
But now Xjt reflects the fact that exogenous growth drivers
from the leading country j 6¼ i impact the production map-
ping that results in e-commerce growth in country i. As
before, a is a constant, the b’s are regression parameters
on the endogenous variables, and e is an error term. We
add other regression parameters, /’s, to represent leading
country exogenous driver effects.

A simple example that appears to fit the story is the
development of e-commerce in Canada in the late 1990s.
The impetus for growth—beyond the basic domestic pro-
duction process of the country involving indigenous labor
and capital—came largely from the U.S., where the e-com-
merce revolution was occurring. The reader should imagine
that e-commerce growth in country i—Canada in this
case—might possibly be driven by external forces from a
subset of factors from the leading country. If the U.S. were
the object of our model, we could include the various
hypothesized drivers in the base endogenous model, sup-
plemented with similar variables, only from another coun-
try (or more generally, from other countries). The mixed
effects growth model is shown in Fig. 4.
Drivers in Country i

Drivers in Leading Country j

Fig. 4. Mixed effects growth mo

Table 3
Definitions of variables and sources of data

Variable Operationalization

PerCapitaEC Expenditurest Online shopping expenditurest/Population 15–64
NetUserRatiot Total number of Internet userst/Population 15–6
TelcInvt�1 Total capital investment in

telecommunicationst�1/Gross domestic productt

CardPenetrt (Visacards + Mastercards held)t/Population 15–
VCapitalt Venture capital availability for

business developmentt—measured on a 1 (low) t
Educationt Level of education of the adult populationt

Note: Among the independent variables, only TelcInv is lagged for one yea
investments and the new e-commerce business capabilities they permit. In the
drivers from a leading country as exogenous drivers.
5. Study variables and data

We next specify the explanatory variables in the models
and their operationalizations. In addition, we explain the
data sources and data collection of the scope of our study.

5.1. Study variables

We have identified five unique drivers for B2C e-com-
merce growth. Some endogenous drivers may also be exog-
enous drivers in association with the leading country in a
region, where it is possible to establish a connection to e-
commerce growth in a specific context. To analyze what
drives e-commerce growth across countries, we will use
per capita online shopping expenditures in a country as the
dependent variable in all of our estimation models (or Per-

CapitaECExpenditures). This revenue-focused measure is a
relatively direct means to represent e-commerce growth.
For the explanatory variables, we use the following five
constructs: the ratio of Internet users to total population,
GDP share of capital investment in telecommunications,
venture capital availability, credit card penetration, and
adult literacy. We will refer to these as NetUserRatio, Tel-

cInv, VCapital, CardPenetr, and Education. We selected
these variables from the literature [40,70,74,91], and the
policy press [114,115]. Because of difficulties with data col-
lection, we omitted some variables, such as the degree of
national urbanization, the availability of e-security provi-
sions, and the role of various government policies. Table
3 summarizes the variables, their definitions and the data
sources.

All of these variables are based on archival data. In
addition, all are factual data with the exception of one:
E-Commerce Growth 
in Country i

del for e-commerce growth

Data sources

t Jupiter Research
4t Jupiter Research

�1

International Telecommunications Union (ITU)

64t Visa International, Mastercard, United Nations (UN)

o 10 (high) scale
IMD World Competitiveness Yearbook

UNESCO, National Statistics

r, since there is likely to be some latency between telecommunications
exogenous and mixed growth models, we will use the same endogenous



Table 4
Descriptive statistics and correlations for 17 European countries (2000–2004)

Variables Mean Min Max Std. Dev.

Descriptive statistics
PerCapitaECExpenditures ($) 84.32 1.75 335.79 73.43
NetUserRatio (%) 0.57 0.14 0.96 0.19
TelcInv (telecom investment/GDP) ($) 0.01 3.60e�6 0.07 0.01
VCapital (1–10 scale) 5.62 3.17 7.95 1.06
CardPenetr (%) 98.86 92.22 99.90 1.64
Education (%) 1.55 0.45 3.42 0.62

NetUserRatiot TelcInvt�1 VCapitalt CardPenetrt Educationt

Correlations
NetUserRatio 1
TelcInv �0.0285 1
VCapital 0.3048 0.0400 1
CardPenetr 0.3020 �0.2369 0.3390 1
Education 0.0056 0.3098 �0.0221 0.0545 1

Note: N = 85 for all variables, covering 2000–2004. PerCapitaECExpenditures and TelcInv (which is lagged one year) are measured by international dollars
with purchasing power party.
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venture capital availability, VCapital. This variable is sub-
jective and refers to the relative availability of venture cap-
ital for business development in a country, as estimated in
the IMD World Competitiveness Yearbook (www01.imd.ch/
wcc/). We used lagged values for one variable, capital
investment in telecommunications adjusted for population,
TelcInv. This is a common practice in studies of IT value,
where there is a need to represent the latent value that
arises after IT adoption and usage are observed [41,72].
This modeling choice also enables us to avoid problems
with contemporaneous determination and endogeneity.
The approach of using lagged values of potentially endog-
enous variables is discussed by Judge et al. [59]. They offer
a number of ways to logically rule out the possibility of
endogeneity based on the structure of the empirical model.
Moreover, most analysts would agree that capital invest-
ment in telecommunications infrastructure will only affect
e-commerce development after some period of time.

5.2. Data sources and data collection

Our data cover the period from 2000 to 2004, a critical
time for e-commerce growth. To illustrate our approach,
we chose 17 developed European countries, for which it
was possible to collect the appropriate data. Table 4 pro-
vides descriptive statistics. Our pre-empirical analysis
showed that there was heterogeneity in Internet technology
adoption and the take-off of e-commerce shopping expen-
ditures across Europe, in spite of the fact that most observ-
ers would agree that the countries are developed countries
with relatively advanced economies. The Appendix shows
the patterns of e-commerce growth among the 17 European
countries from 2000 to 2004 in terms of online shopping
expenditures (Fig. A1) and online shopping expenditures
per capita (Fig. A2). Norway had the maximum per capita
e-commerce expenditures in 2004, while Greece had the
minimum expenditures in 2000. Although per capita e-
commerce expenditures increased dramatically among
these 17 countries in 2000–2004, we nevertheless can see
the differences in the levels of e-commerce expenditures
among these countries, especially per capita and per Inter-
net user. Appendix shows online shopping expenditures per
Internet user (Fig. A3), and, average online shopping
expenditures per purchase (Fig. A4).

Although one may think of the European countries as
being very similar in terms of their wealth levels and invest-
ments in e-commerce, this actually is not the case. There is
considerable variation even among these more advanced
industrialized countries. For example, we note a large
range and standard deviation for PerCapitalECExpendi-

ture, as demonstrated by Norway, which had e-commerce
expenditures of US$355.79 per capita in 2004, and Greece,
which had only US$1.75 in e-commerce expenditures per
capita. Some additional comments about our decision to
use European data only for this study are also in order.

For empirical research, the availability of data is a sig-
nificant concern, as is the length of the time-series for each
country that can be obtained. In spite of the fact that e-
commerce growth began in some European countries prior
to 2000, related data from international organizations were
not available for years other than those for which we have
collected it. However, in terms of the time-series length and
up-to-date nature of the data, our data set is more inclusive
than most of the available cross-country e-commerce stud-
ies [74,78]. Earlier studies simply have not been able to use
much more data. The reality is that no agencies of national
governments or international organizations were well
enough organized for the study of e-commerce to be track-
ing this kind of data across the many countries. Further,
the Asian countries’ governments were slow to capture all
the kinds of data that we need for our model. Thus, we
are limited in both the length of the time-series we can

http://www01.imd.ch/wcc/
http://www01.imd.ch/wcc/


12 The reader should note that we do not use a Cobb–Douglas model,
which is typically specified in log-linear form for econometric estimation in
growth theory applications and for the estimation of production frontiers.
See Dewan and Min [32] for economy-level cross-country analysis of the
productivity effects of IT, and Grilliches [44] for coverage of other
applications, including R&D, patents and technology innovations. In the
IT productivity assessment context, this modeling approach typically
involves a true input–output production correspondence that relates non-
IT capital, IT capital, labor and other factors of production to some
appropriate output [116], for example, GDP at the level of a country. The
approach carries with it a number of assumptions and restrictions that are
of questionable value in an intertemporal and cross-national IT context.
For example, Cobb–Douglas functional form, in the aggregate national
evaluation context, assumes that a nation’s IT capital stock should result
in a constant share of GDP in the country over time [90]. If this
assumption is held for e-commerce, then it will not be possible to reflect
the impacts of increasing technology adoption or to capture the effects of
unobserved complementarities on GDP.
13
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collect, as well as the number of countries that we can
cover—even in the 2000–2004 time frame.11

6. Empirical models and results

We next discuss the development and estimation of our
empirical models and the related results on e-commerce
growth.

6.1. Empirical modeling preliminaries

Our analysis approach involved a series of steps that led
to the specification of an appropriate set of empirical mod-
els and illustrative results. The following discussion briefly
considers the related issues of correlation, multicollinearity,
heteroskedasticity, functional form, and model estimation
approaches.

6.1.1. Correlation and multicollinearity

We performed diagnostic checks of pairwise correlations
in the data, and identified variables for which the degree of
correlation made it impossible to use them in raw form
across the multiple models. This led us to respecify several
raw variables in terms of their intensity relative to popula-
tion or GDP in a country, while still matching our interpre-
tation of the theory. In addition, we identified
multicollinearity with the inclusion of Education for lead-
ing countries in the mixed growth models through assess-
ment of variance inflation factors (VIFs) [69]. The VIFs
for the explanatory variables were small in all models,
except the two mixed models, where the endogenous effects
and exogenous effects Education variables had VIFs in
excess of 10 but less than 20. The latter is the typical crite-
rion value for problems with multicollinearity [69]. In con-
trast, the Belsley, Kuh and Welch test [11] test suggested
multicollinearity was absent in all models. To be cautious
with this conflicting information, we modified the set of
variables associated with the various leading countries in
the two mixed effects models. The set from the endogenous
model was retained, but we excluded Education as an exog-
enous effect. This eliminated the problem.

6.1.2. Functional form

A natural starting point for determining how to estimate
global e-commerce shopping expenditures growth is to
consider the issue of functional form. The linear model
has restrictive assumptions for linear and separable effects.
So we chose the more flexible multiplicative functional
11 This is not to say that it is not possible to do meaningful research with
the data that are available. The point we wish to make is that it will
necessarily require a somewhat modified research design or the passage of
time for the appropriate data to be obtained before we can instantiate the
proposed model on a broader global basis. We are currently exploring
other models of e-commerce growth that involve less constraining
requirements for the explanatory variables, and which permit the inclusion
of more countries for the longest feasible time-series.
form, with a constant, several main effects variables, main
effects exponent parameters and a multiplicative error
term, as our main model to support the hypothesis tests.12

We estimated the model in log-linear form, and checked
whether it matches the standard assumptions for ordinary
least squares (OLS) estimation. We next consider the pos-
sibility of unequal error variances.

6.1.3. Heteroskedasticity and a regression with robust

standard errors

Heteroskedasticity occurs when an estimated model
exhibits error terms with different variances [12]. A com-
mon approach to resolving the problem of heteroskedastic-
ity is to use regression with robust standard errors, as
discussed by Stock and Watson [106] and Greene [42].13

Since the data we are analyzing come from countries and
economies of different sizes with various cultures and tradi-
tions in mercantile exchange, a reasonable entering
assumption is to expect that the classical linear regression
model will be inappropriate as a means for yielding best
least unbiased estimators of the main effects [42]. The Bre-
usch–Pagan test [12] is restrictive, since it only checks for
linear forms of heteroskedasticity. We used the more gen-
eral White’s test [118] to check for these and other non-lin-
ear forms of heteroscedasticity (e.g., in the squares and
cross-products of the independent variables). We found
test evidence to reject the null hypothesis of homoskedastic
errors in all models except the exogenous growth model.
The idea is to make adjustments in the estimates that account for the
information structure in the data—especially cross-error term correlation
and unequal error term variances. This generalized least squares (GLS)
approach is a variant of weighted least squares (WLS). It yields estimates
of Huber–White standard errors [52,118], ‘‘which have been adjusted for
specific assumed-and-estimated correlations of error terms across obser-
vations’’ [34]. The estimation process iteratively re-weights the ordinary
least squares (OLS) estimates to determine both the regression coefficients
and the standard errors. It returns the same coefficients as the OLS
equivalent model, but its standard errors eliminate heteroskedasticity and
potential non-normality of the errors.



Table 5
Results for several full and reduced e-commerce growth models

Variables Endogenous (full GLS) Endogenous (reduced GLS) Exogenous (full OLS) Mixed effects (full GLS) Mixed effects (reduced GLS)

Endogenous domestic economy effects variables

NetUserRatio 1.97*** (0.12) 1.91*** (0.13) 0.99*** (0.18) 1.01*** (0.19)
TelcInv 0.09** (0.03) 0.07*** (0.02) 0.03 (0.03) –
VCapital �0.64 (0.42) – �0.38 (0.33) –
Education 17.12*** (3.95) 14.71*** (3.26) 15.09*** (3.45) 10.78*** (2.19)
CardPenetr 0.14 (0.13) – 0.00 (0.12) –

Exogenous leading country effects variables (assuming only one leading country)

NetUserRatio 2.58*** (0.14) 1.65***(0.22) 1.70*** (0.21)
TelcInv 0.22*** (0.03) 0.07* (0.04) 0.02 (0.03)
VCapital �0.91** (0.31) �0.42 (0.31) –
Education 19.50*** (2.94) (a) –
CardPenetr �0.37*** (0.10) �0.18* (0.10) �0.09 (�0.07)

Model performance descriptors

F-Statistic 69.34*** 88.83*** 96.96*** 46.85*** 62.25***

R2 (%) 78.8 77.1 86.8 89.8 89.0

Notes: Data: 17 European countries over 5 years, from 2000 to 2004, N = 85 in panel data set. Dependent variable = PerCapitaECExpenditures. Model:
Multiplicative functional forms with OLS in one model and GLS in four other models reflect quasi-production function representations from growth
economics. The variable TelcInv is lagged one period. Correlation/multicollinearity diagnostics: High correlation between Education in domestic effects
and leading country effects variables groups did not permit leading country Education variable to be included in Mixed Factors models. Other variables
had pairwise correlations of less than 70% and variable inflation factors (VIFs) of less than 3 for all pairs of right-hand side variables. Heteroskedasticity:
Detected via White’s test and corrected via regression with robust standard errors. Results in each cell are coefficient estimate/significance level (robust
standard error). All estimations were made with STATA 8.0. Significance levels: *** = p < .01, ** = p < .05, * = p < .10. R2 and adjusted-R2 values
exhibited few differences in the regressions, so we only report R2 values. We caution the reader not to conclude that the best quality model is the one with
the highest R2 value. Note that the difference between the exogenous model’s R2 values of 86.8% and the mixed effects model’s R2 of 89.8% is only 3%.
(a) Due to the high correlation between the endogenous and exogenous effects Education variable, we decided to only include it once in the model among
the endogenous effects.

14 In our presentation of the results for the endogenous growth model for
e-commerce (and the others as well) we will suppress the subscript for
time, t, when the year of the dependent variables and the independent
variables match. The only exception to this, as a reminder to the reader, is
that TelcInv is marked to represent its one-year lag, t � 1, with TelcInvt�1.
We subscript all study variables’ coefficient estimates with either f to
indicate estimation of a full model or r to indicate estimation of a reduced
model.
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6.1.4. Estimation procedures

Based on our correlation and multicollinearity diagnos-
tics, and the unequal error term variance adjustments, we
determined that it was necessary to perform GLS estima-
tions for four of the models and OLS for just one. (Our
findings will be presented in the estimation results table
in the following subsection.) In addition, we found that it
was appropriate to carry over what we learned from one
model to the next. Initially, we learned which variables
were significant for the endogenous and exogenous growth
models separately. After that, we estimated reduced mod-
els, leaving the insignificant variables out. As a result, the
estimation of mixed model includes subsets of the endoge-
nous and exogenous growth variables.

6.2. Estimation results

The results of estimations of multiple models are shown
in Table 5.

The second and third columns from the left show the
results of the endogenous growth model, in full and
reduced form. The middle column shows the exogenous
model’s results. Finally, the two rightmost columns show
the estimation results for the mixed endogenous–exogenous
model in both full and reduced form. The reported results
are for a multiplicative model run in log-linear form. (For
comparison purposes, we also ran more restrictive linear
models. However, they did not perform as well in model
fit and consistency of findings, though some basic relation-
ships were retained.)

6.2.1. Endogenous growth model results

Our estimation of the log-linear endogenous growth
model had a reasonable fit for both the full (f)
(Ff = 69.34, R2

f ¼ 78:8%, pf < 0.01) and the reduced (r) ver-
sions (Fr = 88.83, R2

r ¼ 77:1%, pr < 0.01).14 We also found
that the ratio of Internet users to total population within
a country is a driver of e-commerce growth (full model:
NetUserRatiof = 1.97, SEf = 0.12, pf < 0.01; reduced
model: NetUserRatior = 1.91, SEr = 0.13, pr < 0.01). These
findings support the Endogenous Internet User Penetration
Hypothesis (H1A).

The GDP share of telecommunication investment
within a country is also an influence on e-commerce
growth (TelcInvt�1, f = 0.09, SEt�1, f = 0.03, pt�1, f < 0.05;
TelcInvt�1, r = 0.07, SEt�1, r = 0.02, pt�1, r < 0.01), which
supports the Endogenous Telecommunications Investment
Hypothesis (H2A). Education level within a country also
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shows a positive and significant effect in driving e-com-
merce growth (Educationf = 17.12, SEf = 3.59, pf < 0.01;
Educationr = 14.71, SEr 3.26, pr < 0.01), and this result is
consistent across all our models. This supports the Endog-
enous Education Level Hypothesis (H5A), and also offers a
useful perspective that e-commerce is a ‘‘knowledge
economy’’ phenomenon. Thus, in the endogenous growth
model, Internet user penetration, telecommunication
investment, and education level of a country had the
expected effects, and were significant drivers of e-commerce
growth within a country.

6.2.2. Exogenous growth model results

Our estimation of the exogenous growth model (full
model only) also exhibited good statistical fit
(Ff = 96.96, R2

f ¼ 86:8%; pf < 0.01). All five exogenous fac-
tors have significant results, but they are not all supportive
of the hypotheses that we proposed. Based on our estima-
tion the number of Internet users in a leading country is
associated with e-commerce growth in a country that feels
its influence (NetUserRatiof = 2.58, SEf = 0.14, pf < 0.01),
which supports the Exogenous Internet Users Hypothesis
(H1B). The share of telecommunications investment of
GDP in a leading country is also a driver of e-commerce
growth in a country that feels its influence (TelcInvf =
0.22, SEf = 0.03, pf < 0.01). This supports the Exogenous
Telecommunications Investment Hypothesis (H2B).
Contrary to our expectations, however, availability of
venture capital in a leading country had a negative associ-
ation with e-commerce growth in a following country
(VCapitalf = �0.91, SEf = 0.31, pf < 0.05). This runs coun-
ter to our Exogenous Venture Capital Hypothesis (H3B),
which suggested a positive effect, and so we reject this
hypothesis.

Our estimation results show that the level of education
in a leading country is also a driver of e-commerce
growth in a follower country (Educationf = 19.50,
SEf = 2.94, pf < 0.01), as proposed in the Exogenous Edu-
cation Level Hypothesis (H4B). The reader may question
whether this result is plausible as a ‘‘true’’ effect—as we
have—or if it is an anomaly due to correlated variables.
We believe that the argument for an endogenous effect
is the more convincing argument that can be made. This
result may be due to the relative similarity of educational
levels of these 17 European countries we studied. All of
them have educational levels that ensure literacy in excess
of 90% of their populations. Credit card penetration in a
leading country, however, has a negative sign—opposite
to what we expected to see (CardPenetrf = �0.37,
SEf = 0.10, pf < 0.01). So we rejected the Exogenous
Credit Card Penetration Hypothesis (H5B). Thus, in the
exogenous growth model, only Internet users, telecommu-
nications investments and educational level in a leading
country are critical drivers of e-commerce growth in a
country that feels its influence. Venture capital availability
and credit card availability appear to have the opposite
effects.
6.2.3. Mixed effects growth model results

Our mixed effects growth model also yielded strong sta-
tistical fit, which is to be expected based on the separate
‘‘pure effects’’ models’ results (Ff = 46.85, R2

f ¼ 89:8%,
pf < 0.01; Fr = 62.25, R2

r ¼ 88:0%, pr < 0.01). There also
are generally concordant results across the models. The
results show the blend of endogenous and exogenous effects
that illustrate the theoretical perspective of the mixed
effects growth model. For example, endogenous Internet
users adjusted for population (NetUserRatiof = 0.99,
SEf = 0.18, pf < 0.01; NetUserRatior = 1.01, SEr = 0.19,
pr < .01) and endogenous education level (Educationf =
15.09, SEf = 3.45, pf < 0.01; Educationr = 10.78, SEr. =
2.19, pr < 0.01) are significant drivers of a country’s e-com-
merce growth with the hypothesized positive effects. In
addition, there are three significant effects among the exog-
enous variables, although only two are in the predicted
direction across the full and reduced mixed effects models,
and only one is strong. They include: the leading country’s
number of Internet users adjusted for population (NetUser-

Ratiof = 1.65, SEf = 0.22, pf < 0.01; NetUserRatior = 1.70,
SEr = 0.21, pr < .01), its telecommunication infrastructure
investments (TelcInvf = 0.07, SEf = 0.04, pf < 0.10; TelcInvr

not significant), and its credit card penetration (CardPe-

netr = �0.18, SEf = 0.1, pf < 0.10; CardPenetrr not signifi-
cant). Overall, although the mixed effects model provides
an exploratory illustration of the potential for discovering
e-commerce growth contagion effects from other regional
economies, the results are not especially strong.

6.3. Discussion: the efficacy of growth theory for e-commerce

growth

We now turn to some additional discussion of the esti-
mation results that we have obtained. In particular, we
are interested to know: What is the efficacy of growth the-
ory as a means to explain the underlying mechanism for
B2C e-commerce growth in Europe? The first observation
that we can make about the empirical results is that our
models seem to be able to capture the basic hypothesized
relationships that are present in the data. The argument
we made with respect to an explanation of endogenous
drivers of e-commerce growth in country is a reasonable
one: Internet user penetration, the intensity of telecommu-
nication investment, and education within a country seem
to be associated with the outcomes. On the other hand,
our illustration was less successful in showing the role of
an identical set of exogenous growth drivers. We found
that drivers from a leading country, including Internet user
penetration, the intensity of telecommunication investment
and education level, that seem to have positive effects on e-
commerce growth in a country that is influenced by the
leader.

Some of the other results that we did not expect bear
further consideration, especially when the signs of the esti-
mated effects ran counter to our expectations. We did what
we could to eliminate the statistical problems that arise
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with respect to correlated variables, multicollinearity, omit-
ted variables, heteroskedasticity. However, beyond this, it
is appropriate to evaluate whether a set of exogenous
growth regressors that is identical to the endogenous
growth regressors (selected based on the prior theory and
research) can provide the same fidelity of explanation of
e-commerce growth. We noted, for example, that availabil-
ity of venture capital and card credits in some leading
countries was associated with lower growth in other coun-
tries that we thought might be influenced. One possible
problem, of course, is that our leading countries may have
been misspecified. A second possibility is that e-commerce
growth in one country is driven more diffusely by a number
of countries in a region. A third possibility is that the exog-
enous regressors are simply inappropriate, and give an
incorrect reading on e-commerce growth.

It is plausible to observe a negative relationship for ven-
ture capital in a leading country relative to another country
that we may propose should feel beneficial effects. Why?
First, we have not measured the extent to which the avail-
able capital in a leading country is actually made available
to a country that is influence in other ways by another
country. Second, it may be that the true association is
between e-commerce growth in a country and the cumula-
tive amount of venture capital that is available within a
region, so there is no implied dependency on the cross-bor-
der funding of a single country. From this point of view,
our single leading country exogenous growth variable mod-
eling specification may not be appropriate. We will be
exploring other means to handle exogenous growth effects,
other than the time-dependent growth in technology capa-
bilities. Finally, it is possible that venture capital only has a
latent effect: when other countries in the region begin to be
influenced by the drivers of e-commerce growth in another
country (including capital), the capital may be committed
already for other things, even though an external observer
might rate the availability of capital as high in the leading
country. To examine this possibility, we ran the exogenous
model and the mixed model again, only with lagged values
for venture capital. The results were largely unchanged,
which diminishes the likelihood that our alternative conjec-
ture about latent effects is true. We will leave the other
issues for future research.

Another apparent anomaly in our estimation results is
that the potential exogenous effect of credit card penetra-
tion in a leading country has a negative coefficient for e-
commerce growth on another selected country in the Euro-
pean region. Our working hypothesis is that credit card
penetration reflects the presence of a well-developed pay-
ment system for e-commerce. Again, it is possible that we
have chosen inappropriate leading countries. We will be
exploring the data to see if there are patterns for leading
countries and other countries’ association with them in
terms of e-commerce growth. The counter-intuitive results
also may suggest a relative or comparison-based effect: that
people in the following country may compare their own
transaction-making capabilities on the Internet with the
online payment systems capabilities that are available in
the leading country. When they see a difference (i.e., very
favorable credit card penetration outside their own country
but not within it), they may hesitate to shop online in their
own country. We can also learn from the case of Canada:
people there learned to shop on the Internet by shopping
on the Internet in the U.S. So this also may be the case
for Western Europe, only with the leading countries’ Inter-
net firms as the ‘‘shopping destinations’’ for consumers in
other countries in the region.

To close out this discussion, we want to sensitize the
reader to what our models have to say about the variance
of the dependent variable, PerCapitaECExpenditures, as it
has been explained by the endogenous, exogenous and
mixed effects models that we estimated. We note that all
of the models have relatively high levels of variance
explained in terms of the values of R2 and the related F-sta-
tistics. The R2s in the endogenous models range from 77%
to 79%, while in the exogenous model it is about 87% for
the endogenous model. The mixed effects model yields a
higher R2, but the reader should keep in mind that the
increasing number of variables causes a slight reduction
in adjusted R2. The net effect is that the performance of
the exogenous and mixed effects models is not very differ-
ent. Since our goal in this exploratory research was to illus-
trate the different modeling approaches, we decided that it
was appropriate to present the results from all of them for
the reader to come to their own conclusion.

7. Conclusion

The primary objective of this research has been to exam-
ine the efficacy of growth-theoretic explanations of the
macro-level determinants of B2C e-commerce growth
across countries. This objective is in line with Castells’
[17] call for understanding the historical and current forces
at work in the global transformation to a post-industrial
information economy. We positioned our exploration with
respect to growth theory in economics because of the
potentially new and interesting insights it offers for
understanding B2C e-commerce growth. We analyzed a
newly-constructed data set that includes online shopping
expenditures at the country level as a means to measure
B2C e-commerce revenue growth. We also proposed three
theoretical models: an endogenous growth model, an exog-
enous growth model, and a mixed effects endogenous–
exogenous growth model. The endogenous growth model
states that B2C e-commerce growth in a country primarily
results from internal drivers within the country. The exog-
enous growth model argues that B2C e-commerce growth
in a country is primarily driven by external drivers from
a leading country or multiple leading countries. As an
exploratory step, we tested the case of one leading country,
in lieu of a set of them, to capture any contagion effects
that may be present. The mixed effects model posits that
a blend of internal and external factors may be at work,
and a key issue is the relative strength of the regional con-
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tagion effects on B2C e-commerce growth in a country. We
also made a case for viewing our analysis as an assessment
of contextual production, which includes output measures
for B2C e-commerce growth with a set of explanatory vari-
ables that characterize the national economic environments
in which such growth is observed. We were careful to con-
trast our methodological approach in the analysis in this
article to the analysis of ‘‘true’’ input–output production
correspondences, for which different kinds of evaluative
models may be used.

7.1. Contributions

We studied 17 Western European countries during
2000–2004, a five-year period. The data were drawn from
another much larger cross-national data set that we have
been constructing. These panel data are more inclusive
than most available cross-country e-commerce studies.
But building data sets that cover cross-national settings
involving IT and e-commerce is not easy. The difficulties
result from the differences in data capture practices at the
national level and the time lags for reporting the data that
occur between the country level and the international insti-
tution level. Our experience in this and other related cross-
sectional research [62–65] suggests that effective data col-
lection is often a key innovation that makes it possible to
study interesting problems involving global technology dif-
fusion patterns.

We empirically tested three models (and a number of rel-
evant sub-models and alternative formulations) and
obtained interesting findings related to the efficacy of the
theorized relationships, as well as the underlying modeling
perspective. Our empirical analysis was conducted using
ordinary least squares regression and regression with
robust error terms.

Our findings are as follows. In the endogenous growth
model, the results show that Internet user penetration, tele-
communications investment intensity, and education levels
within a country have significant impacts on a country’s
B2C e-commerce revenue growth. In contrast, the results
of the exogenous growth model produced five significant
external determinants. In other words, there appear to be
variables from a leading country which may be associated
with e-commerce growth in a given country. These include
the extent of Internet user penetration in a country, the
intensity of telecommunications investment, the availabil-
ity of venture capital, education level, and the degree of
credit card penetration in the economy. Since we specified
the exogenous model as a second base case, we must point
out that the model is testing for ‘‘pure’’ exogenous effects.
This modeling formulation precludes the possibility that
there may be a blend of endogenous and exogenous effects.

Our intent with the mixed endogenous–exogenous
growth model is to assess whether there are simultaneous
influences on a country’s e-commerce growth—both from
within its economic system and across its region of the
world. However, we have only permitted single coun-
tries—what we call leading countries—to express their
effects. The results of the mixed effects model suggest that
B2C e-commerce growth within a country is driven by
internal drivers and also affected by external factors associ-
ated with other leading countries. Thus, our model has
yielded some exploratory evidence that there may be regio-
nal contagion effects associated with other countries’ e-
commerce growth.

The contributions of this research can be concluded in
both theoretical and practical perspectives. Leading up to
this work, we observed that there has been a lack of theory
applied at the aggregate level of the economy in cross-
national studies of e-commerce-related phenomena. When
we identified growth theory as a basis for exploration in
this study, we did so with the knowledge that theoretical
thinking would be fresh and new, and be able to offer
opportunities for refinement and application in the e-com-
merce context. The exogenous growth and the mixed effects
growth models also provide a conceptual basis for explor-
ing how regional contagion effects work in e-commerce
growth. For business and policy makers, the practical con-
tribution of this research is to provide some reading on the
various factors that are associated with the growth of B2C
e-commerce. Although our results only identify the average
effects of the study variables across European countries,
they nevertheless can be used to gauge the extent to which
changes in some underlying factors will produce greater or
lesser growth effects for e-commerce in different countries.
These results will also provide international organizations
(e.g., the United Nations) and non-governmental organiza-
tion policy makers (e.g., technology standards or industry
groups) with greater insight into the dynamics of e-com-
merce growth across countries. Our findings will help gov-
ernment policy makers and practitioners to learn more
about the nature of the global B2C e-commerce growth,
and encourage the development of telecommunications
and Internet infrastructure, and the related complementary
capabilities from which they can reap benefits.

We believe that this work will inform ongoing research
on the growth and diffusion of e-commerce in other con-
texts. For example, the growth theory perspectives that
we have explored can be also applied to assess the underly-
ing mechanism for economic growth in the digital wireless
phone industry cross-nationally, as discussed in the recent
research of Kauffman and Techatassanasoontorn [63–66].
This series of papers examines reasons why multiple
domestic standards may hold back the pace of digital wire-
less phone adoption and diminish the value of any given
standard in a country in the minds of consumers [63],
endogenously impacting the economic growth that occurs
around digital wireless phone. In related papers, the
authors [64,65] identify drivers for adoption of digital wire-
less phone across a series of technology adoption life cycle
stages, and the extent to which regional contagion occurs
across countries. They also model the cross-national com-
monalities in the growth curves of digital wireless phone
adoption around the world [66]. A basic premise of their



254 S.-C. Ho et al. / Electronic Commerce Research and Applications 6 (2007) 237–259
work is that growth in adoption of digital wireless phones
ought to be an embedded function in the revenue growth of
digital wireless services. These, in turn, lead to expenditures
by consumers and businesses, resulting in revenues for the
providers of digital wireless services and economic growth
in that sector of the economy of a country.

7.2. Limitations and other issues

7.2.1. Association vs. causality

At this stage of our research, we hesitate to state that
our empirical results are entirely consistent with causality.
Instead, we have explored the efficacy of endogenous, exog-
enous and mixed effects growth theory as a means to char-
acterize the association between a set of hypothesized
drivers and our observations of B2C e-commerce revenue
growth outcomes. We believe that it is appropriate to argue
in favor of ‘‘association’’ rather than ‘‘causality’’. Such first
steps in research always require follow-up steps: additional
theoretical, modeling and data refinements; greater consid-
eration of alternative explanations and competing theories;
more complete concordance in modeling e-commerce
growth on the basis of the growth of national economies;
and further analysis of other related issues. For example,
there may be reasons for rejecting the possibility of identi-
cal sets of regressors for the country that is being analyzed
and other countries that may produce exogenous effects [9].

7.2.2. Omitted variables bias and complementary

technologies
Other issues include omitted variables (especially the

availability of e-security provisions, government interven-
tion and policies, online taxes and urbanization, as we
alluded to earlier in this article), more complex interaction
effects, the simultaneous production of related economic
outcomes (e.g., the growth of businesses that are involved
in Internet-based selling technology adoption and e-com-
merce) and expanding data collection. Still another issue
is the possibility of complementary factors and technolo-
gies impacting the value of economic growth that is
released by adoption of Internet technology and e-com-
merce business models [91]. Dewan and Kraemer [31, p.
581] suggest the possibility of experience curves for capital
investments, which require countries to ‘‘first build their
ordinary capital stocks before investments in information
technology become productive.’’ This may occur to a
greater extent in developed countries in comparison with
developing countries. The implication is that Internet
adoption may be higher where there already are significant
infrastructures of network technologies and many PCs in
use, including countries such as Finland, the United States,
Canada and Australia [53].

7.2.3. The growth mechanism and contextual production
We also note another potential limitation that may spur

new research in this area: the economic theories that we
have selected for this study may not be sufficiently precise
in their ability to pinpoint the exact engine for e-commerce
growth. Although prior research permits us to make a case
for the various included variables, our approach still begs a
solution to identifying which country is the appropriate
leading country, or whether it would be appropriate to
model the exogenous effects in a less or more aggregated
way. In addition, some readers will question the extent to
which national level e-commerce expenditures and reve-
nues are the result of ‘‘true’’ production. In this article,
we have argued that the kind of production that we are
studying is essentially ‘‘contextual production,’’ since the
growth we observe occurs in the presence of the various
national endogenous and cross-national exogenous drivers.
The key words here are ‘‘in the presence of’’ and we caution
the reader to recognize that no ‘‘true’’ consumption is
occurring. Instead, our emphasis has been on contextual
variables for production. These issues also require addi-
tional research.

7.2.4. Single vs. multiple country exogenous effects

We further note that the exogenous effects are broad-
based and not emanating from a single country. Instead,
they may come from a variety of international sources.
We have done some preliminary analysis with a variable
to represent an aggregate exogenous driver of a country’s
e-commerce growth that can be measured by international

openness, the ratio of exports plus imports to GDP [9].
Other researchers have documented a positive relationship
between a country’s economic growth rate and its openness
to the international economy, including Balassa [4], Dollar
[33] and Edwards [37]. International openness can be used
to reflect a variety of business interactions, technology
transfers and knowledge spillovers. By opening up to the
global economy, countries ought to be able to benefit from
scientific advances and improvements elsewhere. Interna-
tional openness also may be associated with higher levels
of capital accumulation, according to Proudman et al.
[93]. Although international openness may bear some exog-
enous driver-type relationship to the growth of e-commerce
shopping activities in a country, we were not able to
develop any useful information with respect to this variable
in the econometric estimation that we did. We speculate
that finding exogenous effects may be easier in the context
of countries in the Asian, African and Latin and Central
American regions, where there is a larger degree of exter-
nally-driven, international trade-related growth, and the
countries are less likely to be recognized as world leaders
in e-commerce.

7.2.5. On the United States as a leading country for

e-commerce growth

Reflecting on our results, we note that it may be reason-
able to question the extent to which European countries
have influenced other European countries’ e-commerce
growth. In addition, building an exogenous model based
on drivers that are not identical to the set of endogenous
will serve to refine the results. Another possible alternative



T
ot

al
 E

xp
en

di
tu

re
s 

(I
nt

l$
 b

ill
io

n)
 

2000 2001 2002 2003 2004 

GBR 

GER 

FRA ITA 

12

10

8

6

4

2

0

2004 Ranking

GBR 
GER 

FRA 
ITA 

ESP 
NED 
SWE 
DEN 
NOR
POR 
FIN 
AUT 
SWI 
BEL 
GRE 
IRL 
LUX 
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explanation is that the main exogenous influences for e-
commerce growth in Europe emanated from the United
States, which was an earlier adopter of Internet-based sell-
ing business models. To investigate this conjecture, we
attempted to run a model with the United States as the
leading country. However, we were unsuccessful due to a
common problem that occurs in econometric analysis when
a dependent variable with many different values is
regressed against an independent variable (or variables)
with the same value(s) for each observation in the data
set. There is insufficient variation in the independent vari-
ables to permit effective estimation. This led us to conclude
that we could not include the United States as a potential
leading country for European e-commerce growth using
our current modeling approach.

7.2.6. Data availability

This kind of exploratory research is a challenge to con-
duct for several reasons. Developing effective research
designs is hampered by the limited availability of cross-sec-
tional data. Often it is necessary to utilize variables and
measures that are imperfect proxies for the primary con-
struct of interest. For example, the availability of e-security
provisions, and tax and other government policies are
interesting variables to explore in the cross-country e-com-
merce growth context. But does the European context offer
sufficient variation to make extending the model like this
worthwhile? In addition to cross-national similarity in e-
security levels, our intuition is that this variable will co-
vary with some of our other macro-level infrastructure
variables, resulting (as was the case with the use of the Uni-
ted States as the leading country). Moreover, sometimes
the country-level data may not all be built with the same
level of care and rigor. So it is usually a challenge to match
the data variable-by-variable and year-by-year for all of the
countries that are included in a cross-national research
design. With our choice of 17 Western European countries,
we have minimized these issues. But the relative availability
of the European data masks a more challenging problem:
to create theoretical interpretations and explanations that
will support a more complete understanding of the patterns
of global e-commerce growth.

7.2.7. Adjusted e-commerce growth

A final consideration for this research is whether it is
appropriate to distinguish between new e-commerce
growth in terms of additional sales within the economy,
and the cannibalization of conventional sales where B2C
consumer expenditures replace sales that would have
occurred through traditional channels. In future research,
we will explore the efficacy of collecting cross-national data
from the traditional and Internet-based retailing channels
in parallel with one another. In closing, we caution the
reader to recognize that in the absence of a ‘‘cannibaliza-
tion adjustment’’ for cross-channel consumer expenditure,
it is necessary to understand that our findings should be
viewed as ‘‘upper bounds’’ on the actual level of economic
growth that is associated with e-commerce. It is surely the
case that some cannibalization of traditional channel sales
is occurring in every economic setting that our data cover.

As a coda to our growth theory interpretation of the
growth of consumer expenditures in e-commerce activities,
we need to clearly and carefully state that our results reflect
a more optimistic picture for e-commerce-led economic
growth than probably actually obtains in the real world.
We have additional research underway that attempts to
overcome some of the limitations mentioned here, includ-
ing the limited number of countries considered and the
length of the time-series data. Clearly, there are many inter-
esting directions to pursue, now that we have obtained a
reading on the initial efficacy of the basic theoretical per-
spective and the study variables.
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Appendix. Online shopping expenditure indicators among the

European countries, 2000–2004

See Figs. A1–A4 (Note: All online shopping expendi-
tures are stated in terms of purchasing power parity-adjusted

international dollars ($)).
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