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Although the adoption of mobile phones has been skyrocketing globally during the current decade, present adoption levels
are quite uneven across countries. Such disparities are also found over a range of other information and communications
technologies and have been characterized as a “digital divide.” Although the adoption of mobile phones has been the focus
of numerous studies, relatively few have systematically and comprehensively investigated the adoption of this technologi-
cal innovation at the country level of analysis and over a broad range of nations. This study addresses this research gap by
examining the effects of three country-level socioeconomic factors paralleling the individual-level demographic traits that
in past studies have predominantly predicted early adoption of innovations. We rely on secondary data obtained from sev-
eral reputable sources to examine this phenomenon across 170 nations. Theoretical, managerial, and policy implications
based on our empirical findings, along with directions for future research, are presented.
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obile phones' came into being when AT&T intro-

duced its first network to approximately two thou-
sand customers in 1977 (Oneupweb 2005). Since then,
mobile phones have been adopted worldwide at such a
rapid pace that the penetration rate of cellular phones
now has outstripped that of landline telephones and even
exceeds the level for televisions. Today, there are more
than three billion mobile subscribers throughout the
world, and this figure is expected to double by the end of
2011 (Global Information Inc. 2006; World Cellular
Information Service 2008). Subscriber growth has been
rapid in almost all areas and especially in the Asia Pacific
region. Diffusing globally faster than any other commu-
nication technology to date, mobile communication has
become an essential part of many consumers’ daily lives
throughout the world (Castells et al. 2007). However, the
penetration rates for mobile are uneven across regions
and countries (Kauffman and Techatassanasoontorn
2005; van Dijk 2005). Generally speaking, the histori-
cally wealthy and powerful countries predominate, with

mobile telephone; country-level adoption, digital divide; information and communications technologies

low-income countries’ having a little more than a 4 percent
penetration rate while high-income countries have
neared 77 percent (Goggin 2006). Even within the same
region, such as the European Union or Latin America,
country penetration rates vary quite widely. For example,
in Latin America, Brazil accounts for more than one-
third of all the mobile users in the entire region, yet its
mobile penetration rate is merely on par with Venezuela
(46 percent) while trailing Chile (67 percent) and
Argentina (56 percent) but greatly outdistancing Peru’s
22 percent level (Wireless World Forum 2005).

When first introduced, mobile embraced analog tech-
nology, which was an expensive service with limited
capabilities and infrastructure. With the advent of digital
technologies in the early 1990s and their evolution
through new generations of technologies, both the capa-
bilities and costs of mobile service have improved dra-
matically, thereby hastening its diffusion throughout
both developed and developing nations (Rouvinen
2006).
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Goggin (2006) contends that the mobile phone has
become a central cultural technology in its own right. For
consumers, it plays an indispensable role in their every-
day lives since it facilitates a variety of uses. Mobile
enables consumers to stay in constant contact with
others; allows them to gather information, entertain
themselves, and engage in transactions; and serves as an
important element of identity construction and expres-
sion for many individuals. As consumers all over the
world continue to embrace mobile technology in its var-
ious forms, m-commerce transactions are expected to
continue to increase, especially because a mobile phone
is an ideal medium for consumers to receive instanta-
neous information in the form of short messages adapted
to individual requirements (Buellingen and Woerter
2004; Dholakia and Dholakia 2004).

Mobile has also been recognized for its expected abil-
ity to diminish the “digital divide.” Defined as the divi-
sion between those who have real access to and are
effectively using information and communications tech-
nology (ICT), the digital divide is considered to separate
countries into the “haves” (largely comprising developed
nations) versus the “have nots” (mostly developing
countries; see Bagchi 2005; Hill and Dhanda 2004;
Kauffman and Techatassanasoontorn 2005; OECD 2001;
van Dijk 2005). Unlike the digital divide represented by
other ICTs, such as personal computers (PCs) and the
Internet, using mobile does not require a high degree of
user technical proficiency, nor does mobile rely on land-
line telephone infrastructures, which are often lacking in
developing nations (Bagchi [2005] cites World Bank
estimates that nearly 80 percent of the world’s popula-
tion is without telephone connections). In fact, mobile
holds the potential for developing nations to leapfrog
technologically since they are able to bypass the devel-
opment of landline telephone systems.

The aspiration of diminishing the digital divide is not
simply found in academic and policy circles. The
Economist (“A Spiritual Connection” 2005, March
12-18) dedicated its front cover to the topic and in an
editorial posited that the mobile phone, rather than the
Internet, could be the key technology for helping the
world’s poor move out of poverty.

Given the significant and growing impact of mobile
communications, understanding different countries’
socioeconomic profiles and their mobile telephony adop-
tion patterns merits special attention for several reasons.
One is because of the reciprocal relationship between
technology and quality of life (United Nations
Development Programme 2008; Hill and Dhanda 2004).
Since mobile does not suffer from the infrastructure
restrictions of landline telephones, it provides greater

communications access than previously available,
especially in developing nations. Another reason is that
marketers are increasingly turning to the mobile screen
for marketing opportunities and are trying to capitalize
on the unique advantage mobile terminals offer—by
allowing message recipients to be contacted at times,
with more media options, and in situations in which it
would not be possible to reach them with other methods
(Balasubramanian, Peterson, and Javenpaa 2002; van
Dijk 2005). As one may expect, marketing activities can
have substantial influence on consumer well-being (Pan,
Zinkhan, and Sheng 2007). Investment in mobile tech-
nologies and wireless networks has the potential to cre-
ate time, place, and information utilities, thus expanding
economic activity, creating wealth, and enhancing per-
ceived quality of life around the globe (Peterson and
Malhotra 1997).

With an increasingly integrated worldwide market
thanks to globalization and advancement in ICT, more
macromarketing research is needed, since the extent to
which mobile has been embraced varies considerably
from country to country. Reflecting the historical call
made by Wood and Vitell (1986) for research on aggre-
gate consumption patterns and the more recent research
agenda espoused by Cornwell and Drennan (2004) to
improve our understanding of the effects of globaliza-
tion, there is a pronounced need to better appreciate why
the populations of many countries are lagging behind
others with regard to the adoption of ICT innovations,
and in particular, mobile. As Peterson and Ekici (2007)
have noted, more research efforts should be directed at
learning about consumers in developing countries since
issues there may be strikingly different from those
in developed countries. More specific to the digital
divide is the call by DiMaggio et al. (2001) for more
empirical research into the determinants of digital
inequality among social units of varying sizes, including
nations. Hill and Dhanda (2004) drew a similar conclu-
sion in their study of globalization and technological
achievement.

Thus, the intent of the present study is to examine
country adoption levels (penetration rates) for mobile
and determine whether country-level socioeconomic fac-
tors parallel the findings of numerous individual-level
studies in which demographic factors have been shown
to be related to propensities to adopt innovative ICT
products and services. Reflecting the call by Cornwell
and Drennan (2004) for more research that conceptually
links micro- and macro-variables, we seek to determine
whether the three most prevalently found individual-
level predictors associated with early adoption (i.e., the
demographic factors of age, education, and income) hold
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true when the level of analysis shifts to a country’s pop-
ulation. By doing so, we address a gap in the literature by
empirically investigating the effects of age on mobile-
adoption levels across a broad range of countries.

Secondary data across 170 countries have been drawn
from several reputable sources, including the International
Telecommunication Union (ITU), the World Bank, the
United Nations Development Programme (UNDP), and
the 2005 Central Intelligence Agency (CIA) Factbook,
and are used to test the research hypotheses. In the fol-
lowing section, we briefly review the individual-level and
country-level product-adoption literatures, along with the
nascent digital-divide literature, and articulate a series of
testable propositions. Following that, we present the
results of an empirical test of our model using secondary
data we assembled from the aforementioned sources, dis-
cuss the implications of these findings, and tender recom-
mendations for future research.

Literature Review

During the past three decades, an extensive literature
has developed to address new-product adoption behaviors
among individuals and diffusion patterns among groups
of people within and between countries. At the forefront of
this literature have been the seminal conceptualizations
of Everett Rogers (1962). During the ensuing decades, the
adoption and diffusion of innovation literatures have
spawned considerable theoretical development and an
extensive body of empirical evidence. Moreover, this lit-
erature has bifurcated into two prevalent approaches: the
individual level (such as studies that measure the effects of
adopters’ demographic traits or the perceptions of an inno-
vation’s characteristics on adoption patterns or that com-
pare the adoption rates of different innovations) and the
system level (such as studies that consider the nature of a
social system and the relative extent to which an innova-
tion is adopted within communities, countries, or other
social units having different economic, demographic, and
cultural characteristics).

Factors Influencing Mobile Adoption at the
Individual Level

During the past three decades, a wide variety of tech-
nological-product innovations, particularly those involv-
ing ICT and ICT-mediated services, have been the focus
of empirical research. Illustrative of these studies have
been those that pertained to computers (Stoneman 1983),
the Internet (Kiiski and Pohjola 2002), automatic teller
machines (Murdock and Franz 1983), and Internet bank-
ing and shopping (Eastin 2002).

Stump et al. / Digital Divide in Mobile-phone Adoption 399

From this empirical literature and the conceptualiza-
tions on which it is based, we now know that new-product
adoption among individuals is a function of consumer
demographics (e.g., age, income, education, mobility),
personal characteristics and psychological factors (e.g.,
general and domain-specific innovativeness, involvement,
social interaction, attitudes toward risks, and opinion lead-
ership), and perceived product attributes (e.g., relative
advantage, compatibility, complexity, trialability, commu-
nicability; see Im, Bayus, and Mason 2003; Rogers 1983,
1995; Tornatzky and Klein 1982; Uhl, Andrus, and
Poulsen 1970; Venkatraman 1991). While the findings
related to demographic traits have not always been consis-
tent, there is a substantial body of evidence that suggests
that consumer innovators and early adopters tend to be
younger, have higher levels of income, and are more edu-
cated (Dickerson and Gentry 1983; Gatignon and
Robertson 1991; Rogers 1995).

Turning specifically to mobile adoption, studies have
also shown mixed results on the impact of demographic
variables. For example, Ahn (2001) found that age, sex,
and education are all important determinants of current
and intended mobile subscription among Korean con-
sumers. His research revealed that the intended subscrip-
tion rate is generally higher among younger people, men,
and those who have received some post—high school edu-
cation. Wareham and Levy (2002) found that mobile
adoption is positively correlated with income and occu-
pation but not age or education. Rice and Katz (2003), in
their study of Americans, found that age, work status,
and marital status are predictors for mobile-phone adop-
tion and reported a gap between mobile-phone users and
nonusers that was associated with income, work, and
marital status.

To recap this stream of individual-as-adopter research
focusing on ICT innovations, three conclusions can be
drawn: (1) more often than not, these studies have involved
data from a single or only a few countries; (2) this research
has largely appeared in marketing and technology jour-
nals; and (3) few studies in the broader global setting have
attempted to apply the findings in consumer innovative-
ness to ICT innovations other than the Internet.

Factors Influencing Mobile
Adoption at the Country Level

As revealed in reviews conducted by Kauffman and
Techatassanasoontorn (2005) and Rouvinen (2006), the
relatively limited number of country-level studies that
deal with ICT have primarily been published since the
mid-1990s and tend to be concentrated in technological
or econometric journals. In general, the country-level
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literature provides evidence that adoption and diffusion
of new ICT products and services are influenced by myr-
iad factors that can be summarized by four broad themes:
socioeconomic, political, cultural, and technological or
structural factors. Past studies have focused on country
demographic predictors such as population levels; GDP
per capita; education and literacy level of the population
(Baerwald 1996; Lee 1991; Maitland and Bauer 2001;
Nunberg 2000; Robison and Crenshaw 2002; Yeniyurt
and Townsend 2003); life expectancy, urbanization, cos-
mopolitanism, mobility, and women in the labor force
(Gatignon, Eliashberg, and Robertson 1989; Helsen,
Jedidi, and DeSarbo 1993; Yeniyurt and Townsend
2003); religion (Maslen 1996); media access (Maitland
and Bauer 2001; Tellefsen and Takada 1999); and ser-
vice-sector development (Robison and Crenshaw 2002).
Others have concentrated on political factors, such as
political history and stability (e.g., being a former colony
of a Western nation or member of the Soviet bloc or the
absence of internal or external military conflict; see
Groth and Hunt 1985; Kshetri 2001; Maslen 1996;
Dekimpe, Parker, and Sarvary 1998); type of govern-
ment (e.g., democracy or autocracy; see Groth and Hunt
1985; Kshetri 2001; Kshetri and Dholakia 2001; Maslen
1996); political and legal support (Kshetri and Dholakia
2001; Stephens 2001); and international trade and tariff
policies (Kshetri 2001). A limited number of studies
have considered cultural factors, such as compatibility
with societal values, cultural norms, and communica-
tions preferences (Rogers 1983; Erumban and de Jong
2006). Studies from the final group have included pre-
dictors such as technological skills, standards, and com-
patibility (Dholakia et al. 2002; Gatignon and Robertson
1985; Kauffman and Techatassanasoontorn 2005; Koski
and Kretschmer 2005; Rogers 1983); market structure
and competition (Ingelbrecht and Trivedi 2004); and
other structural factors such as PC ownership, electricity
consumption, telephones per capita, and physicians per
capita (Helsen, Jedidi, and DeSarbo 1993; Maitland and
Bauer 2001).

Turning to studies that have specifically addressed
mobile adoption or diffusion, in addition to embracing
country demographic predictors and additional factors
common to other ICT innovations, research on the devel-
opment of mobile telephony has looked into some of the
unique aspects related to the telecommunication industry
of a country, such as network effects (Birke and Swann
2006; Doganoglu and Grzybowski 2007; Grajek 2003;
Kim and Kwon 2003; Madden, Coble-Neal, and Dalzell
2004; Wareham, Levy, and Shi 2004) and the effects of reg-
ulation, competition, and technological progress (Gruber
and Verboven 2001; Koski and Kretschmer 2005).

Research results on the influence of country-level
factors on mobile adoption in a global setting are also
mixed. For example, Jha and Majumdar (1999), who
posited that greater GDP per capita should signify greater
affordability and hence lead to increased demand for
mobile telecommunications services, found that mobile
penetration varied substantially among the twenty-three
Organisation for Economic Co-operation and Development
(OECD) countries of different GDP per capita. Madden,
Coble-Neal, and Dalzell (2004), using global telecommu-
nications panel data from fifty-six countries, reported that
GDP was important in explaining mobile network diffu-
sion. Quibria et al. (2003) provided evidence that country
income is a determining factor for national levels of adop-
tion for older technologies. Conversely, Gruber and
Verboven (2001) found no empirical support for such a
relationship for Central and Eastern Europe. Appendix A,
which builds on the review by Rouvinen (2006), summa-
rizes recent major studies of mobile adoption and diffu-
sion in global settings.

It is worth noting several important gaps that exist
within the country-level literature. One is that nearly all
these empirical studies have included a limited number
of countries (only two have examined more than sev-
enty-five nations). Second, while GDP per capita and a
population measure are the common socioeconomic
explanatory variables shared across many of these stud-
ies, none of them has explicitly focused on investigating
the effects of age on levels of mobile adoption across
countries. Another gap is that much of this literature is
dominated by purely descriptive studies, often with little
conceptual development undergirding them. A notable
exception is the nascent literature on the anthropology of
mobile communications (Horst and Miller 2006).

“Digital Divide” Literature

Construed as a disparity in the access and actual use
of ICT innovations, which separates individuals, organi-
zations, social groups, and nations into ‘“haves” and
“have nots” (Dewan and Riggins 2005; van Dijk 2005),
the digital divide has spawned considerable attention by
academicians, policy makers, businesses, nonprofit and
government leaders, and others. A vast literature now
exists on the digital divide that draws on a variety of the-
oretical perspectives and research methods (Dewan and
Riggins 2005). While a review of these studies reveals
that a considerable body of literature now exists on the
digital divide, relatively little of it comprises empirical
studies that have used countries as the unit of analysis.
This empirical research on the country-level digital
divide can be characterized in three ways: (1) whether
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the focus is a single nation or multiple nations, (2)
whether the research addresses a specific technology
versus a group of technologies, and (3) whether the dig-
ital divide is growing or shrinking (Bagchi 2005). In
sum, most of the country-level studies on the digital
divide have focused on the Internet or ICT in general
(typically a composite measure), featured a limited
number of countries, and included a variety of opera-
tional measures of ICT access or use.

In the next section, our conceptual model of country-
level adoption of mobile phones is advanced. We use as
our theoretical foundation the model developed by van
Dijk (2005), who postulates that the digital divide, or
participation within a society (or between societies), is a
function of personal and positional categorical
inequalities, distribution of resources, and access to ICT.
Although van Dijk’s model is essentially an individual-
level framework, we propose that the underlying logic
can also be applied at higher levels of social aggregation.
While such an approach might be argued as succumbing
to the “atomistic fallacy” (Diez Roux 2002), it is
consistent with the approach taken by threshold models
of innovation diffusion (Edwards et al. 2003).

Conceptual Model of Country-level
Mobile-adoption Levels

We posit that country mobile-access levels (opera-
tionalized as mobile subscriptions per hundred inhabi-
tants) will show a high level of association with three
socioeconomic factors that capture categorical inequali-
ties and different resource distributions (van Dijk 2005).

Age. How age relates to adoption behavior has long
been of interest to researchers from marketing and other
social sciences. As shown in Appendix A, most cross-
country mobile studies have incorporated a limited
number of socioeconomic factors, most typically GDP per
capita (or similar measure) and population (or density),
but age-related factors typically have not been included.

According to the consumer literature, young people are
more favorably disposed toward change (Schiffman and
Kanuk 2003) and have been found to be more receptive to
new ICT technologies such as the mobile phone and ICT-
mediated services such as automatic teller machines
(ATMs) and Internet banking (Eastin 2002). Seeking to
bridge the micro—macro dichotomy that macromarketing
scholars have recognized (Gerstein 1987; Cornwell and
Drennan 2004), we posit that nations with a relatively
young population should be more receptive to adoption
since country-level penetration rates are in part an aggre-
gation of individual consumption decisions.

Stump et al. / Digital Divide in Mobile-phone Adoption 401

As noted by Castells and his colleagues (2007), a key
factor in the rapid diffusion of mobile communications
was because this technology has been embraced by the
younger generation. In fact, despite the slowing rate of
growth of the global youth and young adult population
(i.e., ages five to twenty-four), the mobile youth popu-
lation was predicted to reach 370 million by 2007, up
from 257 million in 2005. In some markets, youth
mobile penetrations have exceeded 85 percent across
the entire five-to-twenty-four age segment, and the age
of mobile-phone users has been observed to be constantly
decreasing (Wireless World Forum 2005). As such,
understanding the imperatives behind youth adoption
and use of mobile phones has become one of the most
common research priorities (Horst and Miller 2006; Ito,
Okabe, and Matsuda 2005; Kasesniemi and Rautiainen
2002; Ling 2004; Taylor and Harper 2003; Weilenmann
and Larsson 2001).

The phenomenal increase in mobile ownership and
acceptance levels among youths worldwide has led to the
mobile phone’s being dubbed a cultural icon of the
younger generation in the twenty-first century. This
“mobile culture” has been largely determined internally
by the youths themselves (Castells et al. 2007; Goggin
2006; Wireless World Forum 2005). In contrast, owing to
the physical features of the mobile handset, many elderly
people find it difficult to operate the device (Castells et al.
2007). It has been reported that these difficulties exceed
the generational gap common to other new ICT gadgets
(Lobet-Maris and Henin 2002; MGAIN Consortium
2003). We label this phenomenon the age effect on mobile
adoption. Hence, we propose the following:

Hypothesis 1: The median age of a country will be
inversely related to its adoption level of mobile
phones.

Education. In a review of the literature, Rogers (1983)
reported that 73 percent of past studies support a positive
relationship between education and innovativeness.
From a causal perspective, education and socioeconomic
development are mutually related; that is, each fosters
the other, and a compelling body of research links edu-
cation to economic development and growth (Schweke
2004). Education facilitates socioeconomic development
by “lubricating” the movement of workers between sec-
tors by providing necessary skills and attitudes and
encouraging rapid rural-to-urban migration as literate
agricultural workers seek better lives in cities. An edu-
cated work force reduces training costs while at the same
time allowing an accelerated pace of technological
change in the workplace. By the same token, more affluent
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nations have higher levels of literacy, considerable public
and private support for education, and extensive arrays of
educational institutions. Thus, it is logical to expect that
the demand of technological innovations and related
skills will be driven, at least in part, by the degree of edu-
cation in a population (Robison and Crenshaw 2002).
Despite the inherent logic of this rationale, Kauffman
and Techatassanasoontorn (2005) note that the role of
education on technology growth is mixed, which may be
a function of whether or not special skills are required to
use the innovation. At its most rudimentary use as a ver-
bal-communications device, mobile requires no more
skill than one would need to use a landline telephone.
Thus, education may not be a determining factor. In light
of these conflicting expectations, we take a conservative
stance and propose the following:

Hypothesis 2: The level of education attainment of a
country’s population will be unrelated to its adop-
tion level of mobile phones.

Wealth (GDP per capita). According to Rogers
(1995), studies of innovation diffusion also revealed that
early adopters tend to have greater wealth. Individuals
with higher income have the financial resources to invest
in new technologies even before the advantages of the
innovation are recognized by other adopters, and because
of their financial strength, they are better able to afford
the risk associated with early adoption (Maitland and
Bauer 2001). At the national level, one measure of a
country’s wealth is its GDP per capita, which is fre-
quently used in empirical studies. Such a national mea-
sure is in part an aggregation of individuals’ wealth and
should predict adoption just as the individual-level mea-
sure (i.e., annual personal or household income) would.
According to Beise (2004), countries with high income
per capita command a demand advantage for an innova-
tion. Jha and Majumdar (1999) argue that greater GDP
per capita signifies greater affordability for more
members of a country’s population. Thus, we propose
the following:

Hypothesis 3: The level of a country’s wealth (GDP
per capita) will be positively related to its adoption
level of mobile phones.

Control variables. We also include other country-level
variables in our model to account empirically for extra-
neous factors that may influence adoption levels. These
include population density, GDP percentage from the
agricultural sector, the incidence of landline telephones,
and the introduction date for digital mobile telephony.
Population density, common to many other country-level

ICT-adoption studies, is used to account for the poten-
tial influence derived from inherent market potential,
which may evoke greater marketing efforts on the part
of mobile providers. Denser markets also hold the
potential for faster diffusion since there are more oppor-
tunities for individuals to be exposed to the new tech-
nologies being used by innovators and others within
their social circles (Wareham, Levy, and Shi 2004). The
composition of a country’s economy can also be
expected to influence the use of mobile phones. The per-
centage of GDP coming from agriculture is used as a
(negative) proxy for the overall technological receptiv-
ity of a country and the reliance on ICT to support eco-
nomic activities in the manufacturing and service
sectors. Moreover, a high dependence on agriculture is
likely to be negatively correlated to a country’s urbanized
population. The number of landlines is used to control
for competing telecommunications networks and also as
a proxy for the infrastructure investments in legacy sys-
tems that suppliers have made that may impede the dif-
fusion of mobile (Kauffman and Techatassanasoontorn
2005). The introduction date for digital mobile tele-
phony is included to account for the length of availabil-
ity of digital service that is technologically superior to
the first-generation analog systems. This factor also
serves to capture target market biases of technology
innovators, given their early focus on developed versus
developing nations (Rouvinen 2006).

Tests of Hypotheses and Empirical Findings

Since it is a challenge to collect data for a multivari-
ate analysis on a global scale, we use secondary data
from several reputable sources, namely the International
Telecommunication Union (2006) for mobile-phone sub-
scription levels (per hundred inhabitants), population
density (per square kilometer), and total landline tele-
phone subscribers; the World Bank for 2005 GDP per
capita (World Bank 2005)% the United Nations
Development Programme Human Development Report
for the education index?; and the 2005 CIA Factbook for
population median age and the percentage of GDP
derived from the agriculture sector. Dates for the year of
commercial introduction of digital mobile telephony
were drawn from Rouvinen (2006).* Altogether, com-
plete data are available for 170 countries. The list of
countries in this study can be found in Appendix B; the
correlation matrix and descriptive statistics for the vari-
ables in our model are listed in Table 1.

The hypotheses were tested in a hierarchical fashion
using ordinary least squares (OLS) regression. In the ini-
tial run, the main effects of the four control variables were
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Table 1
Correlation Matrix and Descriptive Statistics
1 2 3 4 5 6 7 8
1) Mobile subscriptions 1.00
2) Median age 0.80 * 1.00
3) EDI 0.69* 0.78* 1.00
4) GDP per capita (in thousands) 0.69* 0.65* 0.50%* 1.00
5) Population density 0.22 0.18 0.08 0.14 1.00
6) GDP percent from agriculture -0.72 % -0.63 * -0.67 * -0.53* -0.14 1.00
7) Landlines installed (in millions) 0.09 0.21 0.14 0.11 -0.02 -0.14 1.00
8) Introduction year for digital mobile telephony (DMT) -0.53 * -0.54 * -0.50 * -0.53* -0.16 0.39* -0.23 1.00
1 2 3 4 5 6 7 8
Mean 5286  23.74 0.78 9,307.48 207.08 1642 2250549 1,996.37
Standard deviation 40.24 8.15 0.180 14,400.86 757.89 14.87  75,885.71 2.63
Note: EDI = education index.
*p < .0l.
Table 2
Multivariate Regression Results
Control Control Variables Controls, Main
Independent Variables Hypotheses Variables Only & Main Effects Effects, & Interaction
Intercept — (6.54)*** — (1.29)* — (1.62)*
Median age HI1: (-) A3 (5.86)*** .50 (6.80)***
Education H2: (-) .03 (0.48) —-.03 (-0.47)
GDP per capita H3: (4+) .20 (3.65)*** 21 (3.88)***

Median age x GDP per capita

—.15 (-3.52)%**

Population density 13 (2.66)%** .06 (1.42)* .06 (1.47)*
Percentage of GDP from agriculture —.55 (-10.59)%*%* —.30 (=5.33)%%** —.24 (-4.23)***
Landlines -.06 (-1.18) —.09 (=2.14)%** —.08 (=2.14)**
Introduction year DMT —.34 (—6.49)%** -.07 (-1.30)* —.08 (-1.63)*
F value (df) F(4, 183) = 67.60%%%* F(7, 162) =70.82%%*%* F(8, 161) =
67.86%**

R? .60 75 77

Adjusted R? .59 74 76

Adjusted R?, 15 .02

Note: Standardized parameter estimate (z-value) shown.
*p < .10; **p < .05; ***p < .01.

assessed. The main effects of the three socioeconomic
factors were then added, and the model was re-estimated.
The significant overall F tests in both runs are indicative
that interpretation of the individual regression models
and parameter estimates for the independent variables is
warranted. Results are displayed in Table 2.

As we can see from Table 2, the addition of the main-
effect terms relating to the three socioeconomic variables
results in a significant improvement in the explanatory
power of the models. Adjusted R* improved to .74 from .59.

Contrary to our expectations, median age had a sig-
nificant but positive effect on mobile-adoption level (b =
43, p <.01). Thus, Hypothesis 1 is not supported, since
the results indicate that mobile-adoption levels are

higher among countries with older populations.
Hypothesis 2, which related to education levels, was
supported given the nonsignificant parameter estimate
(b=.03, p>.10).° As expected, GDP per capita has a sig-
nificant positive effect on mobile adoption level (b = .20,
p < .05). Thus, Hypothesis 3 is fully supported. Overall,
median age was found to be the strongest determinant of
mobile-communications subscription levels.

Turning to our control variables, population density
and the date digital mobile was introduced were found to
be insignificant (b = .06, p < .10; b = -.07, p < .10),
whereas the remaining two controls were both found to
negatively impact mobile-adoption levels (percentage
agriculture: b =—-.30, p < .01; landlines: b =-.09, p < .05).
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Post hoc analysis. In light of the unexpected positive
result found for median age, an additional analysis was
performed to see if this effect was constant in all
countries. We therefore reran our model to add an inter-
action term between the two significant focal variables,
median age and GDP per capita.® Since this was an
exploratory analysis, no hypothesis of the expected rela-
tionship was posed. As shown in Table 2, the introduc-
tion of this interaction term modestly improved the
explanatory power of the model (adjusted R* improved to
.76 from .74). More notable is the fact that the interac-
tion term was negative and significant (b =-.15; p <.01),
which indicates that a contingent relationship exists.
Hence, we can conclude that the effect of median age on
mobile-communications subscriptions varies depending
on the level of GDP per capita. To make further sense of
this finding, we performed a quadrant analysis by using
a mean split on both median age and GDP per capita; the
resulting four cells from this 2 x 2 matrix were then used
in a one-way analysis of variance (ANOVA). This ANOVA
produced significant results, both overall (F; s, = 105.93;
p <.01) and from the Scheffé post hoc test that was per-
formed, which proved to be very diagnostic. We found
that the High/High cell represented the “ultra haves.”
This cell, consisting of fifty-five countries with relatively
high GDP per capita and also relatively high median
ages, enjoyed the highest average mobile-subscription
levels (97.97), a value that was significantly different
from the averages of the other three cells. Conversely, we
found that the Low/Low cell, that is, the 111 countries
with relatively low GDP per capita and relatively low
median ages, had the lowest average mobile-subscription
levels (24.13), a value that also was significantly differ-
ent from the other three cells. This cell clearly repre-
sented the “have nots.” Interestingly, the means of the
two mixed cells, Low (median age)/High (GDP per
capita)—five countries—and High (median age)/Low
(GDP per capita)—forty countries—were not signifi-
cantly different from one another (64.40 versus 65.05),
which suggests that these two factors tend to counterbal-
ance one another when they are asymmetric. Together,
these two cells represent the “moderate haves” with
regard to mobile subscriptions.

Overall, these results are intriguing since they seem to
be indicating an important implication for marketers and
government policy makers: combining median age and
the more traditional focus on affluence (GDP per capita)
is significantly more predictive of country-level adoption
levels for mobile telephony than earlier models that only
considered the main effect of GDP per capita and a lim-
ited number of other variables.

Discussion

Our study extends and enriches the research literature
related to the digital divide and the adoption of ICT and
mobile telephony in particular. We sought to provide an
answer to the question of whether socioeconomic factors
predict country mobile-adoption levels and parallel the
patterns related to three individual-level demographic
traits, that is, age, education, and income, which have
long been associated with the early adoption of techno-
logical innovations at the individual unit of analysis.

Theoretical implications. Similar to other diffusion
studies (e.g., Dekimpe, Parker, and Sarvary 1998; Ahn
and Lee 1999; Madden, Coble-Neal, and Dalzell 2004),
we found that wealth (operationalized as GDP per
capita), as a main effect, is an important determinant of
mobile-penetration rates, which is consistent with the
individual-adoption literature. Understandably, a
country’s GNP per capita reflects its economic and tech-
nological resources and capabilities, and thus, positively
boosts mobile-phone adoption.

We also found that the level of education at the
country level did not affect the adoption levels of mobile
phones significantly. This finding is not consistent with
previously reported results at the individual level, which
indicated that there are strong correlations between edu-
cation and innovativeness (Rogers 1983), but it does pro-
vide additional credence to lack of a significant effect for
education reported in the review of country-level studies
by Kauffman and Techatassanasoontorn (2005). One
possible explanation for this result is that education is
highly correlated with GDP per capita and median age
(see Table 1), which could mean that the latter variables
act as a suppressor in the regression analysis. Another
reason may be that our measure of the level of education
in a country reflects the development and status of the
country’s education system but not necessarily the actual
degree of literacy of individual consumers, which is crit-
ical to their innovativeness. Still another reason may be
that compared to other ICT innovations, mobile tele-
phones requires less skill to use (Quibria et al. 2003).
Future research needs to further look into the role of edu-
cation at the country level and perhaps include multiple
measures of this predictor.

A more intriguing finding is that we discovered that a
population’s median age had a significant but positive main
effect on mobile-phone adoption levels. This contradicts the
results of past studies at the individual level, which typically
suggest that younger consumers tend to be more open-
minded and receptive toward technological innovations.
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This effect, however, was found to be contingent on
whether the country also enjoys a relatively high GDP
per capita. Our post hoc analysis revealed that first-tier
markets, which we called the “ultra haves,” are countries
with both high GDP per capita and populations with a
high median age. Second-tier markets, the “moderate
haves,” are either relatively affluent but with a younger
population or less affluent with older populations.
Laggards, or the “have nots,” comprise more than one
hundred nations that are less affluent and have younger
populations.

This suggests that one-size-fits-all interventions to
foster growth of individual national mobile telephony
markets could be ineffective. Instead, more nuanced gov-
ernment programs may be in order. Having an older pop-
ulation makes a significant difference in terms of
mobile-adoption rates among less wealthy nations; that
is, country adoption levels of mobile phones are posi-
tively associated with the population’s median age. So,
the older the population is, the higher the adoption rate
for mobile phones in low-income countries. One possi-
ble explanation is that in those less affluent countries,
mobile affordability is more likely to be an issue for the
young people. In other words, the older a person is, the
more likely he or she has a job and/or is heading up a
family unit and thus has more economic means to be a
mobile-service subscriber. Another explanation could be
that a country with a relatively low median age may
imply that a relatively small portion of its population is
found in middle and upper class households that can
afford mobile phones. This may also be a function of the
GDP per capita income measure’s being a poor vehicle
to capture income disparities within nations (Hill and
Dhanda 2004; Kotler, Roberto, and Leisner 2006).
Nevertheless, one important implication of our finding is
that by failing to explicitly articulate and test contin-
gency models, past studies may have been flawed.

In sum, our study was able to confirm some of the
findings (e.g., wealth and income) of past studies at the
individual level but refute others (e.g., education and
age). An obvious conclusion is that the results of previ-
ous research at the individual level may not be automat-
ically extendable to the country level. Careful
interpretations of similar socioeconomic factors at the
country level and potential interaction effects between
these factors are particularly warranted.

Managerial implications. Our results have implications
for venture-capitalist communities and m-commerce busi-
ness strategists. First of all, as venture capitalists and ICT
businesses increasingly look for overseas investment
opportunities, our results imply that they should examine
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more than just main effects of socioeconomic factors to
better predict if a country will be conducive for mobile
telephony, and implicitly, the m-commerce that can be
built on this ICT backbone. Hence, the interrelationships
among socioeconomic characteristics of countries should
also be used as screening criteria. Specifically, our study
suggests that simplistic screening solely on GDP per
capita should be avoided. Multinational corporations
(MNCs) could use our findings to segment countries into
more refined market segments that could facilitate better
resource allocations across different countries.

Policy implications. Our findings also have important
implications for policy makers. As world economies
increasingly converge, it is important that no country is
left behind as we move toward a more advanced digital
era. We can expect to see increasing returns with more
people connecting to the digital networks but should rec-
ognize also that technology does not create inclusive
opportunities without human intervention (Fulton 2000).
As mentioned earlier, mobile has been recognized to
have greater potential than the Internet to help diminish
the digital divide, and consequently, to foster economic
and social benefits. To do so, governments and corpora-
tions may need to develop unique actionable policies and
programs that seek to bridge the digital divide in this
mobile age and move more people toward greater mobile
access, use, and commerce opportunities. For example,
initiatives in less affluent nations might include more
favorable policies toward foreign investment in mobile
telephony infrastructure, calls for the support of both pri-
vate and corporate philanthropic organizations, creation
of innovative content, development of pedagogy and
training to educate the young about technological know-
how, or provision of subsidized access to disadvantaged
people and communities. No doubt, what policy makers
do to engender mobile diffusion will have a critical
impact on how the mobile as a medium can and will live
up to its capacity to benefit the society.

Limitations and directions for future research. As with
any research, this study has several limitations. First, this
study used secondary data, which have been criticized
for being inconsistent and unreliable (Yeniyurt and
Townsend 2003). Furthermore, while our dependent
measure (mobile subscriptions) was from a credible sec-
ondary source, alternative adoption measures, such as
use-volume data compiled by the ITU and the World
Cellular Information Service, could be incorporated into
future research. As conceptualized by van Dijk and col-
leagues (van Dijk 1999, 2000, 2005; van Dijk and
Hacker 2003), physical or material access alone is a
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simplistic measure. Moreover, it is problematic to rely
solely on mobile-subscription data, since the correlation
between access and use is likely to be greater in devel-
oped countries than in developing ones such as India,
Pakistan, and the People’s Republic of China (James
2004). Development of more comprehensive, multidimen-
sional measures that capture the multifaceted nature of the
digital divide, such as motivational (mental), physical,
skills, and use-access measures (van Dijk and Hacker
2003; van Dijk 2005), should be the goal for future mobile-
adoption and digital-divide research at the country level.

Second, we used a cross-sectional design, which can
only capture a snapshot of mobile adoption at a single
point in time. Future analyses could shift to examining
diffusion rates using longitudinal designs, which could
use the time-series data available from the ITU.

In addition, the adoption rate of only one technological
innovation, mobile telephony, was investigated. Hence,
generalizability of our findings is limited. At a minimum,
this study should be replicated using other ICT products
and services to see if the factors that influence mobile

adoption operate in the same manner relative to other
ICT innovations.

Finally, only one pair of socioeconomic variables was
examined for its moderating effect on mobile-phone
adoption rates. Future research should also incorporate a
broader range of country-level analogs to individual-
level demographics and personal characteristics, such as
a nation’s cultural dimensions (Erumban and de Jong
2006; Hofstede 1991; Schwartz 1994; Smith and
Schwartz 1997) along with other political factors, and
explicitly articulate and test contingency hypotheses.

Despite these limitations, the results from this
exploratory study are important and quite revealing.
The interrelationships among factors that influence
mobile-adoption rates are crucial for policy makers,
marketers, and business strategists to understand in
regard to ICT commercialization and subsequent m-
commerce strategy development and implementation,
and ultimately, to bridging the digital divide to ensure
greater social and economic welfare for the populations
of all countries.
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Appendix A
Major Studies of Mobile Adoption or Diffusion in Global Settings
Number
of Countries
Dependent Independent Variables (IVs) or Regions Time
Study Variables and Control Variables (CVs) Covered Frame Relevant Findings
Dekimpe Mobile IVs: GNP per capita, 184 countries  1979-1992 High wealth, ethnic homogeneity, and
etal. (1998) penetration population growth, # of low death rate promote diffusion
major population centers, #
of competing systems,
death rate, communism
dummy, # of ethnic groups
Jha and Mobile IVs: # of total mainlines, total 23 OECD 1980-1995 Cellular subscription, investment per
Majumdar subscribers employees, time countries mainline, population, GDP, tariff,
(1999) CVs: time of entry, liberalization, and private-operator
investment per mainline, presence are factors positively
population, GDP, tariffs, influencing telephone-sector
liberalization, # of cellular productive efficiency
operators, private operator
dummy, # of Internet hosts,
global system for mobiles
(GSM) dummy, interactions
between cellular
technology, total mainlines,
and total employees
Ahn and Lee  Mobile 1Vs: GDP per capita, fixed 64 countries 1997 High GDP per capita and fixed
(1999) penetration penetration and digitalization penetration promote diffusion
rate, mobile user cost
Burki and Mobile IVs: GDP, population, fixed 25 (Asian) 1986-1998 GDP, population, fixed penetration,
Aslam users penetration, digital mobile countries digital mobile dummy, analog and
(2000) dummy, analog and digital digital mobile competition dummies
mobile competition dummies
Gruber Mobile IVs: GDP per capita, share of 10 (EU Introduction  Late mobile adoption and multiple
(2001) penetration urban population, fixed accession) 1997 operators, as well as high fixed
penetration & wait time, countries penetration and long wait times,
digital mobile competition promote diffusion
dummy, # of mobile operators,
market transition index
Gruber and Mobile 1Vs: GDP per capita, fixed 15 (EU) 1992-1997 Analog to digital mobile transition and
Verboten users penetration, digital mobile countries competition promote diffusion; late
(2001) technology dummy, entrants adopt mobile faster
analog/digital mobile
competition dummies
Liikanen, Change in IVs: GDP per capita, 80 countries 1992-1998 Digital mobile introduction hinders
Stoneman, analog and/or population, share of urban analog mobile diffusion; generation-
and digital mobile population and population specific (analog vs. digital) results
Toivanen users over 65, fixed users/ differ from generic (analog + digital)
(2001) penetration, analog/digital results: technology shifts should be
users/penetration, # of accounted for

analog/digital standards and
years since introduction,
Nordic Mobile Telephone
(NMT) and GSM dummies,
5 measures of mobile
telephony operation,
age-dependency ratio,
surface area

(continued)
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Appendix A (continued)

Number
of Countries
Dependent Independent Variables (IVs) or Regions Time
Study Variables and Control Variables (CVs) Covered Frame Relevant Findings
Koski and Mobile IVs: GDP per capita, share of 32 countries 1991-1999 Incorporating the time of entry to
Kretschmer  penetration, urban population, telecom digital mobile telephony study is
(2002) user cost, regulator dummy and important; both between- and within-
and entry competition measure, standards competition promotes
analog mobile penetration, diffusion and lower user cost,
digital mobile subscriber particularly when more than 2
and prepaid users, digital operators are present
mobile standard dummy,
market share of dominant
digital mobile standard,
more than 2 mobile
operators dummy
Maddenetal. Mobile IVs: GDP per capita, 56 countries 1995-2000 High wealth, low users cost, and large
(2004) penetration population, mobile user cost user base promote diffusion
Banerjee and  Cluster analysis based on teledensity, cellular 61 countries 1996-2001 Relatively fewer affluent countries
Ros (2004) density, CAGRs of teledensity, and cellular appear to have favored the
density leapfrogging of fixed telephony by
mobile telephony; the more developed
and affluent countries show no
evidence of any bias in favor of one
form of telephony over the other
Garbacz and ~ Business and IVs: GDP per capita, monthly 85 countries 1996-2001 A complementary relationship tends to
Thompson residential user cost, connection charge, exist between mobile service and fixed
(2005) mainline population density, mainlines
demand, education, Internet users per
mobile capita lagged one period,
demand index of economic freedom
(regulation), time dummies
Jang, Dai, Mobile IVs: GDP per capita, 29 OECD 1980-2001 The switch to digital technology and
and Sung diffusion population density, switch countries competition accelerate mobile
(2005) Mainlines, to digital technology, and Taiwan diffusion; payment options and fixed
Internet competition (market penetration also critically affect
hosts, openness and # of new diffusion; population density and GDP
Internet vendors), payment options, per capita have no significant effect on
users, and fixed penetration mobile diffusion
Andonova cellular IVs: cellular charge, cellular _ 1960-2002 POLCON has a significant impact on
(2006) phone phone subscribers, user cost, mobile-phone subscription;
subscribers GDP per capita (residual), institutional improvements associated
illiteracy (residual), Internet with lower investment risks and better
hosts (residual), mainlines property-rights protection correlate
(residual), political rights and less strongly with mobile diffusion;
civil liberties (POLCON), GDP per capita (residual) correlates
urban population (residual) positively with both Internet and
CVs: POLCON, price of mobile diffusion and illiteracy
telephony access and price of (residual) and shows a strong negative
use, illiteracy, urban correlation with both Internet and
population mobile diffusion
Kenny and Mobile GDP per capita, GDP per 6 regions 2002-2004 Mobile-phone coverage can be predicted
Keremane footprint km?2, competition dummy based on GDP, population, country
(2007) coverage area, and the status of reform
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Appendix B

Countries Included in This Study

Afghanistan
Albania

Algeria
American Samoa
Andorra

Angola

Antigua and Barbuda
Argentina
Armenia

Aruba

Australia

Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus

Belgium

Belize

Benin

Bermuda

Bhutan

Bolivia

Bosnia and Herzegovina
Botswana

Brazil

Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada

Cape Verde
Cayman Islands
Central African Rep.
Chad

Chile

China

Colombia
Comoros

Congo

Congo (Dem. Rep.)
Costa Rica

Cote d’Ivoire
Croatia

Cuba

Cyprus

Czech Republic
D.P.R. Korea
Denmark
Djibouti

Dominica
Dominican Rep.
Ecuador
Egypt

El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Faroe Islands
Fiji

Finland
France
French Polynesia
Gabon
Gambia
Georgia
Germany
Ghana
Greece
Greenland
Grenada
Guam
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong, China
Hungary
Iceland

India
Indonesia
Iran (I.LR.)
Iraq

Ireland

Israel

Italy
Jamaica
Japan

Jordan
Kazakhstan
Kenya
Kiribati
Korea (Rep.)
Kuwait
Kyrgyzstan
Lao P.D.R.
Latvia
Lebanon
Lesotho
Liberia

Libya
Liechtenstein
Lithuania
Luxembourg
Macao, China
Madagascar
Malawi
Malaysia
Maldives

Mali

Malta

Marshall Islands
Mauritania
Mauritius
Mayotte
Mexico
Micronesia
Moldova
Monaco
Mongolia
Montenegro
Morocco
Mozambique
Myanmar
Namibia

Nauru

Nepal
Netherlands Antilles
Netherlands
New Caledonia
New Zealand
Nicaragua
Niger

Nigeria
Northern Marianas
Norway

Oman

Pakistan

Palau

Palestine (West Bank/Gaza)
Panama

Papua New Guinea
Paraguay

Peru

Philippines
Poland

Portugal

Puerto Rico
Qatar

Romania

Russia

Rwanda

S. Tomé & Principe

Samoa

San Marino

Saudi Arabia
Senegal

Serbia

Seychelles

Sierra Leone
Singapore

Slovak Republic
Slovenia
Solomon Islands
Somalia

South Africa
Spain

Sri Lanka

St. Kitts and Nevis
St. Lucia

St. Vincent and the Grenadines
Sudan

Suriname
Swaziland
Sweden
Switzerland

Syria

Taiwan, China
Tajikistan
Tanzania

TFYR Macedonia
Thailand
Timor-Leste

Togo

Tonga

Trinidad and Tobago
Tunisia

Turkey
Turkmenistan
Tuvalu

Uganda

Ukraine

United Arab Emirates
United Kingdom
United States
Uruguay
Uzbekistan
Vanuatu
Venezuela

Viet Nam

Virgin Islands (U.S.)
Yemen

Zambia
Zimbabwe

Note: Casewise deletion used for substantive analyses. Only 170 countries from this table had complete data. CAGR = compound annual growth
rate; OECD = Organisation for Economic Co-operation and Development.
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Notes

1. Throughout this article, we use the terms mobile, mobile phones,
and mobile telephony interchangeably.

2. GDP per capita is expressed in U.S. dollar equivalents. Values
listed in the 2005 CIA Factbook were substituted for GDP per capita
values missing from the World Bank database.

3. Education index (EDI) is a composite index based on each
country’s adult literacy rate and combined gross enrollment ratio for
primary, secondary, and tertiary education.

4. Rouvinen’s (2006) table only included introduction dates
through 2000. To allow the use of a larger overall sample in our analy-
ses, we chose to provide conservative estimates of the twenty-one
countries mentioned in the note to his table with no record of the
introduction date (they were recorded as 2001). All remaining
countries were recorded as 2002.

5. Another possible explanation for this result is the recognition that
education is highly correlated with GDP per capita and median age,
which could mean that one or both of the latter variables acts as a sup-
pressor. We sought to be comprehensive and included all three sub-
stantive variables in our analysis while acknowledging that the threat of
multicollinearity could make parameter estimates unstable (although
each had an acceptable variance inflation factor value). We ran a series
of additional regressions and determined that the parameter estimate
for education was reduced substantially when median age was intro-
duced to the equation, but this was not the case for GDP per capita. We
also reran the main effects and subsequently described interaction mod-
els without the education measure; we determined that the parameter
estimates for the remaining variables were largely unchanged.

6. Given the high degree of collinearity between multiplicative
interaction terms and its corresponding main effects, the residual cen-
tering procedure was followed (Lance 1988).
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