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Mapping the Global Digital Divide
Abstract
The global digital divide as a concept is intuitively understood by most academicians,
politicians and public policy makers. However, to date little empirical work exists to explain
differences in per country access to Information and Communication Technologies (ICTs). The
research that does exists places heavy influence on the impact of country wealth, as measured by Gross
Domestic Product (GDP) per capita, on the diffusion of ICTs. While GDP per capita certainly
influences the diffusion of ICTs within a country, it is not the sole determinant of a country's location
versus other countries vis-a-vis the global digital divide.
To investigate and map the global digital divide, as it currently exists, the authors utilize modelbased cluster analysis to determine cohorts of countries based on three variables: personal computers
per 100 population, Internet users per 100 population and Internet bandwidth per person. Data for these
three variables was obtained from the 2008 International Telecommunications Union (ITU): The
World Telecommunication/ Information and Communication Technology (ICT) Indicators Database.
Thus, this research is innovative on two levels. First, it introduces model-based cluster analysis to the
international business research literature. And second, it introduces the variable of International
bandwidth per person as a measure of the global digital divide.
The results indicate that the global digital divide consists of four tiers. And although all of the
developed countries are included in the first tier, some surprising results are obtained. Implications of
the results are discussed and directions for future research are provided.
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Mapping the Global Digital Divide
Introduction
Although growth in worldwide Internet penetration was over 600 percent for the seven-year
period 1997 through 2004 (Shea et al., 2006), a substantial gap exists globally between those countries
with broad access to the Internet and those without. This gap, identified in the literature as the digital
divide, has been referred to frequently (and was a catalyst for a new area for discussion, the Bottom of
the Pyramid (BoP)) but has never been clearly described. That is, people quickly understand the
concept of digital divide but can not accurately describe how specific countries are impacted by this
divide. The purpose of this research is to provide a map of the digital divide as it exists currently, using
countries as the unit of analysis. By providing a contemporary snapshot of the global digital divide, a
baseline for tracking changes and for future investigation is established.
The role of the Internet in the personal and business life of the world today can not be
overstated. Since its inception as a global communications system, the Internet has put over one billion
people globally in touch with each other (Shea et al., 2006) and has had a profound influence on the
global economy (Zhao, 2002). The diffusion of the Internet is theorized to foster a convergence of
economic structures (Sharma and Gupta, 2003) and cultures (Lim, 2002) globally. Gutierrez (2004)
claims that this interconnectedness may homogenize global society at the expense of local, national and
regional cultures. Cultural concerns aside, it is clear that the Internet has had a profoundly positive
impact on the growth of the global economy by providing market access to those traditionally limited
by geography (Kim and Galliers, 2004). Thus, the diffusion of Internet technology and access to this
technology are critical issues for the sustainable economic development of cities, countries and regions.
The measurement of the diffusion of the Internet has received attention in the literature as has
the concept of the digital divide. Studies focusing on the former seek to identify the variables that assist

or hinder the diffusion (c.f., Rogers, 2001) and for the latter tend to look at the gap between developed
and developing countries (Bagchi, 2005). Deichmann et al. (2007) propose that studying the digital
divide is important because of the link between Internet connectivity and the economic and social wellbeing of a population and to facilitate the development of policies to improve the economic and social
well-being of that population. Therefore, the focus of this study is a macro-level view (as defined by
Kim and Galliers, 2004) of the current status and structure of the global digital divide given the best
data available.
Digital Divide Defined
What is the digital divide? Surprisingly, no one generally accepted definition exists despite
concerns expressed by scholars about the perceived gap between rich and poor countries in terms of
Internet access (Wallsten, 2005). An evolution of definitions is presented in Table 1 below.
-----------------------------------------Please Insert Table 1 About Here
------------------------------------------Two common themes appear to be (1) access to Information and Communication Technologies
(ICTs) and (2) the use or ability to derive benefit from ICTs. Thus the global digital divide may be
summed up as the inequality in access to ICTs and the inequality in the ability to derive benefit from
ICTs both between and within countries. And though evidence exits suggesting that access to ICTs is
growing faster in developing countries than it is in developed countries (Fink and Kenny, 2003), the
gap in access on a country by country basis has not received much attention. Cullen (2001) suggests
that those without adequate access to ICTs share some common characteristics including low income,
low educational attainment, low literacy and high unemployment.
Chinn and Fairlie (2007) contend that different factors contribute to the global digital divide.
Previous studies identify Gross Domestic Product (GDP) per capita as the main predictor of diffusion
of ICTs, use of personal computers (PCs) and the Internet (Quibria et al., 2003; Chinn and Fairlie,

2007; Deichmann et al., 2007). Other influences include the level of political openness (Crenshaw and
Robinson, 2007) and social policies (Bagchi, 2005). In the existing literature focusing on the global
digital divide, variables investigated include teledensity, Internet access, infrastructure access (Sharma
and Gupta, 2003), education and trade (Deichmann et al., 2007). The variables included in this study,
as defined below, offer a new perspective on the global digital divide.
Methodology
To determine the extent of the global digital divide, this analysis utilized a database purchased
from International Telecommunications Union (ITU): The World Telecommunication/ Information and
Communication Technology (ICT) Indicators Database (11th edition, June 2008 update). This database
contains time series data for nearly 100 communications statistics. Data for the year 2005 is used as it
is the most complete in terms of data collected for the 172 countries included in this analysis.
Three variables indicative of the diffusion of information technology globally are included in
the analysis. Two of the ITU variables, personal computers per 100 people (PC100) and Internet users
per 100 people (IU100), have been used in previous studies focusing on the digital divide (Bagchi,
2005; Chinn and Fairlie, 2007; Deichmann et al., 2007). PC100 is thought to be highly correlated with
GDP per capita and used as a surrogate measure of economic diffusion. IU100 provides a surrogate
measure of the degree of the diffusion of technological competence and acceptance within a country.
The subtle difference is that IU100 can be higher than PC100 as access is available in educational
institutions, libraries and cyber cafes throughout the world.
The third variable, International Internet Bandwidth per Inhabitant (IbitsPP), has not received
much attention in previous research regarding the global digital divide although its importance was
alluded to by Bagchi (2005) who discussed the need to investigate the quality of Internet access. It is,
arguably, the most important measures of the diffusion and use of digital information access because it
represents the total capacity of backbone operators within a country to carry Internet traffic (measured

in bits) divided by the population of the country (Gray, 2008). Thus, it provides a surrogate measure of
the degree of interconnectedness of a country in terms of access to the information globally. The
authors propose that the higher IbitsPP, the more interconnected the country and the higher the access
to the wealth of information available globally via the Internet.
Measures of these three variables (PC100, IU100 and IbitsPP) for 172 countries for the year
2005, the most recent complete data in the database, are the input for a multi-stage cluster analysis
designed to provide an accurate contemporary map the global digital divide. Cluster analysis is a wellknown data summary technique (Hair et al., 2006). Historically, one of the limitations of using cluster
analysis is determining the optimal number of clusters. Previous researchers have used intuition,
decision heuristics or breaks in the plot of eigenvalues to determine the appropriate number of clusters.
The technique of model-based cluster analysis overcomes this limitation by mathematically identifying
the optimal number of clusters within a given data set (Fraley and Raftery, 2002; 2005; 2006). Modelbased cluster analysis is available in the statistical analysis software package R (R Development Core
Team, 2008).
For this project, a multi-stage cluster analysis procedure is employed. The first stage consists of
subjecting the data set to a series of model-based cluster analysis to identify the optimal number of
clusters per iteration. Once the optimal number of clusters per level is identified, a k-means cluster
analysis using the Hartigan and Wong (1979) algorithm is used to determine group centers (means) and
to identify cluster membership. The combination of the two techniques allows for the development of
a multitiered map depicting the status of the global digital divide given the most recent complete data
available.
Results
The results are presented in Table 2 and serve to both define the global digital divide and
debunk some of the assumptions regarding the global digital divide.

-----------------------------------------Please Insert Table 2 About Here
------------------------------------------As illustrated in Table 2, the need for utilizing a multi-stage cluster analysis is evident at each
level of analysis. The initial combination of model-based cluster analysis and k-means cluster analysis
divides the 172 countries in the database into six distinct clusters: Cluster 1 (Denmark), Cluster 2 (five
countries), Cluster 3 (12 countries), Cluster 4 (nine countries), Cluster 5 (14 countries) and one final
cluster consisting of 131 countries.
A second iteration of model-based cluster analysis and k-means cluster analysis is performed on the
cluster containing 131 countries to explore differences within the large number of countries represented
and to define membership in the next tier. This procedure was replicated two more times to produce
four tiers or levels of about equal size: Tier 1 = 41 countries, Tier 2 = 41 countries, Tier 3 = 37
countries and Tier 4 = 53 countries. And while it may have been possible to continue the iterative
process (the final cluster contains 53 countries), the relative lack of variance within the final cluster
suggests that little additional insight would be gained by doing so.
With few exceptions, the average number of Internet users per 100 population within each
cluster is greater than the average number of personal computers per 100 population (exceptions are
cluster one, three and eleven). And the importance of variable three (IbitsPP) in contributing to the
results is evident by analyzing the difference in that variable between clusters. The cluster map, as
presented in Figure 1, presents the four tiers of the global digital divide with each tier arranged from
top to bottom in terms of variable three. Overall, the variable IbitsPP has the greatest weight in
determining cluster membership. On average, as a country increases its IbitsPP by a factor of 2.265
times, it advances one cluster position.

-----------------------------------------Please Insert Figure 1 About Here
------------------------------------------The results suggest that while the global digital divide does, in fact, exist, some of the original
assumptions regarding the global digital divide are not accurate. For instance, previous research has
characterized the global digital divide as one between developed and developing nations (e.g., Castells,
2001) or between rich and poor nations (e.g., Gutierrez, 2004; Wallsten, 2005; James, 2007). The
presence of Jamaica, Antiqua, Estonia, Hungary, Slovak Republic, Aruba, Barbados, Brunei, Chile,
Latvia, Lithuania, Qatar, Slovenia and the United Arab Emirates in the top tier of the digital divide
provides evidence that refutes the assumption that GDP per capita is the main predictor of global
Internet access. Likewise, who could predict that both Columbia and Uruguay would be in the top of
the second tier of the global digital divide, while three of the four BRIC countries (Brazil, Russia and
China) would be in the bottom cluster of the second tier? Another assumption inherent in the previous
definitions of the digital divide is that it consists of two tiers (haves versus have nots; rich versus poor).
The results of this study support the presence of at least four tiers, and possibly more, depending on the
variables investigated.
Even within Tier 1, some surprising observations include the presence of the USA in cluster
four, indicating that at least 18 countries outperform it in terms of Internet access and bandwidth per
person. And while Tier 1 does contain a prevalence of developed countries, there are notable
exceptions as highlighted above. Unfortunately, evidence exists that perpetuates some of the
assumptions regarding the global digital divide. African countries account for a majority of the
members of the final cluster, indicating a disadvantage for the continent in terms of the personal
computers per 100 people, Internet users per 100 people and international Internet bandwidth per
person. The mean values of each variable for Cluster 14 (1.10, 1.25 and 1.39) are significantly less than

that of Cluster 1 (69.46, 52.55 and 34,702.49) and represent the amount of work to be done to bring the
equal access to the global digital environment to the continent.
Implications of the Global Digital Divide
As the results of the model-based cluster analysis suggest, and as reported by Cullen (2001),
there is no easy solution to the problem of the global digital divide. How does one address the gap
between Cluster 1 and Cluster 14 when the difference in average access is so pronounced (63 times
more access per capita to PCs, 42 times more users per capita of the Internet and 24,965.8 times more
Internet bandwidth per capita)? Crenshaw and Robinson (2007) contend that gaps in access this large
hinder the transformative power of the Internet for the world's poorest nations. Okoli and Mbarika
(2003) extend this argument further by claiming that, on average, developed countries are reaping
enormous benefits from ICTs while developing countries are not. Although this article highlights the
inclusion of some developing countries in the Tier 1 of the global digital divide, it also provides
evidence for the arguments presented above: that there exists a large percent of the global population
without access to major forms of information technology (James, 2007). Shea et al. (2006) estimate that
only 20 percent or so of the global population is benefiting from access to and use of the Internet.
Likewise, it is clear that the policies national governments play an important role in the
diffusion of and access to ICTs within a countries borders. Countries who make ICT infrastructure
development and access a priority reap the benefits associated with increased access (Mutula, 2005,
2005b). However access alone, although necessary, is not sufficient. Fryer and Granger (2008) contend
that to adequate address the global digital divide, the emphasis has to change from access alone to
using digital technology for empowerment. Access to ICTs provides rural populations with access to
information that enhances their ability to access and provide education, conduct commerce and to
interact with the world at large. The old adage remains as true today as was centuries ago: knowledge
is power. Unfortunately, the hindrance of knowledge and limits to its access also represents power.

Thus, governments who seek to repress free speech and access to information are less likely to invest in
adequate levels of infrastructure to support the diffusion of ICTs within the country, thus perpetuating
the negative impacts associated with the global digital divide.
Not all of the news regarding the global digital divide is negative. Fink and Kenny (2003)
contend that evidence suggests that the per capita global digital divide is shrinking. Likewise, Sarrocco
(2002), advocates broadening access in developed countries from the urban areas (where it is currently)
to the rural areas. Fryer and Granger (2008) stress that all populations, regardless of location, benefit
from closing the gap in the global digital divide.
Summary and Conclusion
Purcell and Toland (2004) indicate that a major challenge of the new millennium is to make
certain that all world citizens benefit from open access to ICTs. This contention is supported by Wood
(2004) defines the greatest benefit that access to ICTs provides developing countries is opportunity.
Access to ICTs in developing nations fosters economic opportunities for all (Lim, 2002; Kim and
Galliers, 2004; Wood, 2004). Internet access has the potential to foster economic development in
sectors as diverse as tourism, agriculture and handicrafts (Rao, 2001).
By providing a contemporary map of the global digital divide, this research provides a baseline
measure of the investment in ICTs needed on a per country basis in order to close the gap as it currently
exists. Paul (2002) cautions that gaps in ICTs are not static nor are the impacts of new technologies
equal: with the introduction of each new ICT technology, the global digital divide has the potential to
widen. Thus, the importance of measuring the diffusion of ICT technologies remains. Fortunately,
research exists (c.f., Brown et al., 2004; Wolcott et al., 2001) the provides a template known as the
Global Diffusion of the Internet (GDI) framework consisting of six dimensions: pervasiveness (number
of Internet users per capita), sophistication of use, geographic dispersion, sectoral absorption

(commerce, education, health and public service), connectivity infrastructure and organizational
infrastructure.
Investment by developed countries into the ICT infrastructure of developing countries makes
sense on too many levels to ignore. Providing access to ICTs increases opportunities for all involved,
especially in terms of sustainable economic development and market access.
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Table 1: Digital Divide Defined Chronologically
Definition
Digital divide is characterized as a lack of telecommunications access.
Digital divide is a large divide between developed and developing nations and the
challenges it presents in terms of ownership and control of data, and exclusion of groups
by virtue of education, technology and national cultures.
...the disparity in access across classifications of race, gender, age, income, and
education to telephone, personal computers, and the Internet.
The digital divide is defined as the gap that exists between individuals advantaged by the
Internet and those individuals relatively disadvantaged by the Internet.
The term digital divide refers to the unequal and disproportionate pace of development in
societies in having access to digital infrastructure and services.
The digital divide is the gap between individuals, households, businesses and geographic
areas at different socio-economic levels with regard to their opportunities to access
Information and Communication Technologies (ICTs) and the Internet.
Digital divide – 4 interpretations:
1) a gap in access to use of ICTs,
2) a gap in the ability to use ICTs,
3) a gap in actual use,
4) a gap in the impact of use
The gap between rich and poor is represented in the digital world between the people
who have access to information and those who do not.
The digital divide may be defined as inequitable access to ICTs by individuals or groups
of people in a country or between countries.
Digital divide is defined as the division between those who have real access to ICT and
are using it effectively and those who don’t.
The digital divide is a phenomenon associated with disparities between groups and
societies in the adoption and diffusion of electronic ICTs and e-business practices.
The International Telecommunications Union (ITU) defines the digital divide as the
inequalities in access to and utilization of ICTs
(The digital divide is) ….the differential extent to which rich and poor countries benefit
from various forms of information technology.
The digital divide characterizes the gap that exists between those populations who are
able to benefit from digital technologies and those who are not.
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TABLE 2: Cluster Means for 172 Countries
TIER 1
Cluster

Countries

PC100

IU100

IbitsPP

1

Denmark

69.458382

52.554142

34702.492

2

Jamaica, Luxembourg, Netherlands, Sweden, UK

62.926851

65.495098

17437.902

3

Antigua, Austria, Belgium, Bermuda, Canada,
Germany, HK, Ireland, Norway, San Marino,
Singapore, Switzerland
Estonia, Finland, France, Hungary, Iceland, Slovak
Republic, Spain, Taiwan, USA
Aruba, Barbados, Brunei, Chile, Italy, Japan, South
Korea, Latvia, Lithuania, New Zealand, Portugal,
Qatar, Slovenia, United Arab Emirates
131 other countries

58.322394

51.141985

7576.5386

46.508244

48.936175

3605.8125

26.249112

43.623137

1322.0470

5.650156

8.707035

97.38774

4
5

TIER 2
Cluster

Countries

6

Bahrain, Belize, Columbia, Cyprus, Greece, New
Caledonia, Poland, Puerto Rico, Romania, Uruguay
Argentina, French Polynesia, Kuwait, Peru, Trinidad &
Tobago, Turkey
Bahamas, Costa Rica, Maldives, Morocco, Oman, Panama,
Seychelles, Tuvalu
Brazil, China, Djibouti, Ecuador, Egypt, Fiji, Gabon,
Lebanon, Malaysia, Mauritius, Mexico, Moldova, Russia,
Senegal, Suriname, Thailand, Tunisia
90 other countries

7
8
9

PC100

IU100

IbitsPP

13.792581

22.88312

540.94552

11.296220

18.25523

354.74290

11.285229

17.00382

237.10425

8.380002

12.81880

98.48574

3.355191

4.73465

14.92549
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Azerbaijan, Belarus, Bolivia, Bosnia & Herzegovina,
Guatemala, Guyana, Jordan, Kyrgyzstan, Micronesia,
Paraguay, Philippines, Samoa, Saudi Arabia, Venezuela,
Vietnam
Armenia, Botswana, Cape Verde, El Salvador, Equatorial
Guinea, Haiti, India, Libya, Macedonia, Mauritania,
Mongolia, Namibia, Sao Tome & Principe, Solomon
Islands, South Africa, Sri Lanka, St. Vincent & the
Grenadines, Syria, Tonga, Turkmenistan, Ukraine, Vanuatu
53 other countries
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PC100

IU100

IbitsPP

4.946000

12.214000

47.788000

6.536364

5.764545

21.177273

1.584906

2.190566

3.030566
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Benin, Bhutan, Burkina Faso, Cameroon, Cuba, Gambia,
Ghana, Honduras, Indonesia, Rwanda, Sudan, Uzbekistan
Albania, Algeria, Dominican Republic, Georgia, Togo,
Zimbabwe
Afghanistan, Angola, Bangladesh, Burundi, Cambodia,
Central African Republic, Chad, Comoros, Congo,
Democratic Republic of the Congo, Cote d'Ivoire, Eritrea,
Ethiopia, Guinea, Guinea-Bissau, Kenya, Laos, Lesotho,
Madagascar, Malawi, Mali, Mozambique, Myanmar,
Nepal, Nicaragua, Niger, Nigeria, Papua New Guinea,
Somalia, Swaziland, Tajikistan, Tanzania, Uganda, Yemen,
Zambia
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PC100

IU100

IbitsPP

2.072500

2.180833

6.904167

3.430000

7.673333

4.828333

1.101429

1.254000

1.394286
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FIGURE 1: Map of the Global Digital Divide
(n=172 countries)
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