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ABSTRACT. This article employs cross-sectional data from 100 countries to analyze the main determinants of intercountry Internet diffusion rates. We set up an empirical model based on strong theoretical
foundations, in which we regress Internet usage on variables that
capture social, economic, and political differences between these
countries. Our results support past findings that economic strength,
infrastructure, and knowledge of the English language positively affect
Internet connectivity. In addition to these indicators, the openness of
a country, tertiary enrollment, and income equality are found to also
have a significant positive effect on Internet diffusion.

I
Introduction

EVER SINCE THE RELEASE of the first graphical web browser in 1993, the
Internet has experienced exponential growth. Today, nearly 16 years
later, the Internet has become an incredibly valuable informational
resource, housing over 11 billion websites. Since 2000, the number
of users has tripled, with current estimates of worldwide Internet
users being over 1 billion. However, diffusion rates across countries
vary tremendously; in fact, many developing countries have penetration rates that are less than 1/100th of those found in wealthy
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European countries. To date, Europe and North America, which
represent a mere 17.5 percent of the total world population, house
close to 50 percent of worldwide Internet users.1 To make matters
worse, the “digital divide” is steadily increasing, according to the
International Telecommunications Union. Given that the Internet has
revolutionized communication and information, and even impacts the
cultural, economic, and political development of a country, it is
important to try to understand what the primary factors are that
account for this divide.
II
Previous Literature

THE UNEVEN ADOPTION OF TECHNOLOGY among countries is not an
Internet-specific phenomenon. Economists have long pointed out that
rich countries are usually technologically more advanced than their
poor counterparts. However, the difference of diffusion rates in the
case of the Internet is quite extreme. Since it is very unlikely that
income alone can explain this divide, various studies, the most important of which are described below, have been conducted in order to
discover the most important determinants of intercountry Internet
diffusion rates. Further studies are discussed as part of the theoretical
framework in Section III.
Hargittai (1999) is one of the first economists to have studied the
spread of the Internet across nations. Her research aims to find the
primary reasons for the international variation in Internet connectivity
within the member states of the Organization for Economic Cooperation and Development (OECD). Hargittai argues that there may be a
number of factors that influence Internet diffusion, including economic indicators, human capital, the legal environment, and existing
technologies within a country. Her findings show that even among
OECD countries, which have similar levels of social and economic
development, economic strength does matter when it comes to predicting diffusion rates.
Beilock and Dimitrova (2003) extend the focus of research on
diffusion rates to 105 countries. Unlike most previous studies, they
include countries that have vastly different socioeconomic levels of
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development. Their results confirm that GNP per capita is, by far, the
most important determinant of Internet usage rates, but that the effect
tapers off as GNP per capita increases. They also show that the
political and economic openness of a country, as well as existing
infrastructure such as telephone lines, have a positive impact on
Internet usage.
Guillen and Suarez (2001) use cross-sectional data from 141 countries to test whether favorable conditions for entrepreneurship and
investment as well as competition and privatization of the telecommunications industry accelerate the adoption of the Internet. Their
findings support the claim that income, infrastructure, and proficiency
in English matter more than public policy. Guillen and Suarez (2004)
extend previous research by showing that regulatory, political, and
sociological variables are also responsible for some of the difference
in penetration rates across countries.
Crenshaw and Robison (2006) analyze the main factors contributing to the change in the number of Internet hosts for approximately 80 countries from 1995 to 2000. They employ numerous
measures of globalization to determine whether a country’s openness has a positive impact on Internet growth. Among their most
interesting findings is that countries with a larger urban population
and stronger participation within a global network of urban civilization will develop the Internet faster than others. Their work also
suggests that a government’s enforcement of property rights seems
to have a significant positive effect on Internet growth. They conclude that countries that remain “isolates” in the global system are
at a large disadvantage compared to their counterparts in terms of
Internet diffusion.
III
Theoretical Framework

IN THIS SECTION OF OUR ARTICLE, we lay out the theoretical framework on
which our analysis relies. The hypotheses we construct are based on
economic theory and on findings presented in previous literature.
They reflect our expectations of how Internet usage ought to be
affected in a given scenario. For each of the following propositions we
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include at least one corresponding independent variable in our
empirical model, which we present in Section IV.
Hypothesis 1. Countries with a higher GDP per capita are more
likely to have higher penetration rates.
As already mentioned above, this is a hypothesis that holds in
general when it comes to adopting new technologies. Richer countries
have well-developed market economies and well-established legal
systems, and as a result are able and willing to invest more in research
and development and innovation. Given that innovation relating to
the Internet is taking place at an unprecedented pace, this should play
a very important role. All serious econometric studies that have been
conducted on diffusion rates agree that GDP per capita is indeed a
very significant determinant of Internet diffusion.
Hypothesis 2. Countries with more developed telecommunication
and technology infrastructures are more likely to have higher penetration rates.
The Internet is a fairly advanced technology in that it requires a
well-functioning telecommunications network to be present in order
to operate. At the beginning of the Internet era, the presence of a
traditional telephone line per computer was necessary in order to be
able to connect to the net via modem. However, over the last five
years, information transmission technology has advanced dramatically.
Innovation has paved the way for a much faster Internet, so-called
broadband, which, depending on the technology, requires only a
single phone line for an entire network of computers (all types of
DSL), or even none at all (cable, satellite, fiber optics). While such
technologies are readily available in most developed countries, their
availability is extremely limited in less developed parts of the world.
Of course, telecommunication networks alone are not sufficient for
Internet connectivity; computers are needed as well. Our data show
that the number of personal computers per country varies considerably more than the number of telephone mainlines, although the two
are closely correlated.
While Arnum and Conti’s (1998) study stands out for having
employed numerous measures for infrastructure, most econometric
studies on Internet diffusion have at least included the number of
telephone lines per 1,000 inhabitants as an infrastructure variable,
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which they have found to be significant. However, as pointed out
above, we would expect the significance of traditional telephone
infrastructure to decrease over time as the availability of broadband
and wireless technologies increases. In this sense, computer and
technology infrastructure may be a better predictor of Internet
usage.
Hypothesis 3. Countries with higher educational standards and
literacy rates are more likely to have higher penetration rates.
There are many reasons why this hypothesis should hold, the most
obvious being that the World Wide Web and e-mail are currently
entirely text-based, implying that literacy is required in order to be
able to actually use the Internet. Although there are some ongoing
efforts to “vocalize” the Internet, such as Opera’s text-to-speech
engine,2 it will be a long time before such programs, along with
dictating software, will truly lessen the need for literacy.
Another, perhaps less apparent, reason supporting this hypothesis is
that academic institutions play an essential role in adopting new
technology. Indeed, schools were among the first institutions to
heavily make use of the Internet, and in doing so introduced young
people to this new form of media. Today, research and other important aspects of education rely on the use of the Internet; hence, one
can argue that education also promotes the adoption of the Internet in
this sense.
There are a couple of studies (Chinn and Fairlie 2004; Guillen and
Suarez 2004) that attempt to analyze the effect of literacy and education on penetration rates; however, literacy does not end up being a
significant variable in either. We believe that there are essentially two
problems with using literacy as a variable. First, the data are quite
limited. In fact, in Guillen and Suarez’s study, the data set decreased
by a third when employing this variable. Second, literacy may not truly
be enough to ensure that a person is actually able to use a computer.
It may be that some other measures such as years of schooling or
enrollment statistics deliver a more complete picture. To circumvent
these issues, this study employs gross tertiary enrollment as a measure
of education.
Hypothesis 4. Countries with a large percentage of their population
living in urban areas are more likely to have higher penetration rates.
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In general, cities are better networked than rural areas. This is
mostly thanks to practical and economic reasons. It is not only harder
to build a communications network that spreads over vast territories,
but it is also less interesting for firms from a profit-maximizing
perspective, since firms want to target as many consumers as possible
at the lowest cost possible. Therefore, it is plausible to assume that
countries in which people tend to live in cities benefit from higher
penetration rates. Studies such as Kay and Xiaoming (2004) and
Crenshaw and Robison (2006) have found urban population to have
a significant impact on Internet diffusion.
Hypothesis 5. Countries in which the population has a high level of
English proficiency are more likely to have higher penetration rates.
Literacy and education may not be enough to guarantee an “enjoyable” Internet experience. English is currently by far the most commonly used language on the Internet, with estimates of over 50
percent of all websites being written in English. These numbers are so
high because many nonnative English speakers choose to publish
their websites in English in order to attract more surfers to their site.
While the number of native Chinese users has increased more than
threefold over the last five years, Chinese is rarely used as a lingua
franca, and English will likely continue to be the main second language used for nonnative speakers. Most researchers have included
some measure of English proficiency in their models and have found
it to have a significant positive impact on Internet usage.
Hypothesis 6. Countries with less income inequality are more likely
to have higher penetration rates.
It has been argued that higher income inequality within a country
may have a negative effect on Internet diffusion because fewer people
will be able to afford to pay subscription and connection fees.
Unfortunately, Hargittai (1999) is among the very few researchers to
test this hypothesis. Her results show that, among the OECD countries,
income inequality does not have a significant effect on Internet
connectivity.
Hypothesis 7. Countries that are politically less free are more likely
to have lower penetration rates.
A politically unfree and unstable country is likely to hinder the
usage of new media in general. This is particularly true when it comes
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to the Internet, where anti-government websites are only a click away,
and typically hard to censor. Thus, it is reasonable to assume that
countries that are less free will have lower penetration rates, partly
due to the problems that the Internet creates for their governments. In
fact, Buchner (1988) demonstrates that Communist countries tend to
have fewer telephone lines per capita than their counterparts, and that
this difference is indeed primarily due to the regime itself. It would
therefore not be surprising to see this phenomenon also apply to the
Internet.

IV
Methodology and Empirical Analysis

OUR METHODOLOGY EMPLOYS weighted least squares estimation3 in order
to test all of the above hypotheses. The dependent variable in our
model is the Internet penetration rate, which is measured per 1,000
inhabitants:

INTERNETi = β0 + β1lnGDPi + β2 INFRAi + β3TERTENROL +
β 4URBANPOPi + β5 ENGLISH i + β6GINIi +
β7 FREEDOMi + εi .
Our continuous independent variables include the natural log of GDP
per capita measured at PPP (lnGDP); a telecommunications and
technology infrastructure variable (INFR), which is calculated by
taking the minimum of the telephone and PC penetration rate per
1,000 people for each country;4 the gross tertiary enrollment rate as a
percentage of the population in the theoretical school-age group, that
is, the five-year age group continuing on from the secondary school
theoretical leaving age; as well as the percentage of urban population
and the Gini Income Inequality Index. The model also includes two
discrete independent variables: English and Freedom. The former is a
dummy variable that takes on a value of 1 for countries in which
English is an official language; the latter was obtained from Freedomhouse’s Freedom Index, and ranges from 1 to 7, where 1 represents
the highest degree of openness and freedom both in terms of civil
liberties and political rights (thus the expected sign of the freedom
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coefficient is negative). Table 1 presents summary statistics and our
main findings.
As is evident from Table 1, overall our model produced highly
significant estimates. Moreover, the signs of the estimated coefficients
all match the theoretical predictions, including the coefficient of the
urban population variable, although the estimate is not significant at
any reasonable level.5
The coefficient of GDP states that a percentage increase in GDP per
capita, holding all other variables constant, will lead to an estimated
increase of 0.49 Internet users per 1,000 inhabitants. Its elasticity at the
centroid value indicates that a 1 percent increase in GDP per capita
will lead to an approximate 0.11 percent increase in the Internet usage
rate (IUR).
Our results also demonstrate that infrastructure, that is, access to
PCs and telephone lines, plays an essential role in terms of Internet
diffusion. Our model predicts that for every additional PC/phone line
per 1,000 people, the IUR will increase by almost 0.5. Thus, an
increase in the number of computers available in a country will likely
have a very large effect on Internet diffusion.
The coefficient of tertiary enrollment states that a 1 percent increase
in enrollment will lead to an estimated 1.4 increase in the IUR. The
coefficient is relatively small, yet significant nevertheless, indicating
that increased enrollment does indeed have a positive effect on
Internet penetration. This confirms our hypothesis that education has
a positive effect on Internet diffusion.
Countries can expect to see Internet usage rates increase by 0.96 per
percentage increase in the urban population. Note, however, that the
coefficient of urban population is not significant; hence we should be
wary of its interpretation.
Contrary to previous studies, our results support the claim that
income inequality does indeed negatively influence Internet diffusion.
According to our results, a 1 point increase on the Gini index,
signifying greater inequality, will lead to an estimated 2.5 point
decrease in the Internet usage rate.
Our findings also support the notion that freedom plays a relatively
important role when it comes to penetration rates. For every unit
decrease on the freedom scale (which corresponds to an increase in

[+]
[+]
[+]
[+]
[+]
[-]
[-]

8.627
125.64
30.36
55.94
0.26
40.42
2.895

Mean

1.19
175.13
24.49
22.09
0.44
10.52
1.705

SD

49.03805
0.4975
1.413783
0.9553558
44.621
-2.46842
-27.51996
-203.045

Est. Coef.

0.041*
0.000**
0.014*
0.104
0.024*
0.016*
0.002**
0.357

p-Value

0.1100502
0.3313255
0.0031728
0.002144
(x)
-0.1959178
(x)

Elasticity

n = 100 Adj- = 0.8956 F[7,92] = 122.38**
* and ** denote significance at the 5% and 1% level, respectively. The signs in [ ] next to the independent variables denote the expected
sign of the corresponding coefficient. Elasticities computed at the centroid values.
(x) Due to the discrete nature of these variables. elasticities were not computed.
Countries used in sample: Albania, Algeria, Argentina, Armenia, Australia, Austria, Bangladesh, Belgium, Bolivia, Botswana, Brazil,
Bulgaria, Burkina Faso, Burundi, Cambodia, Cameroon, Canada, Central African Republic, Chile, China, Colombia, Costa Rica, Cote
d’Ivoire, Croatia, Czech Republic, Denmark, El Salvador, Estonia, Ethiopia, Finland, France, Georgia, Germany, Ghana, Greece, Guatemala,
Honduras, Hungary, India, Indonesia, Ireland, Israel, Italy, Jamaica, Japan, Jordan, Kenya, Kyrgyz Republic, Laos, Latvia, Lithuania,
Madagascar, Malawi, Malaysia, Mali, Mauritania, Mexico, Moldova, Mongolia, Morocco, Mozambique, Namibia, Nepal, Netherlands, New
Zealand, Nicaragua, Niger, Nigeria, Norway, Panama, Papua New Guinea, Paraguay, Peru, Philippines, Poland, Portugal, Romania, Russia,
Senegal, Slovakia, Slovenia, South Africa, Spain, Swaziland, Sweden, Switzerland, Tanzania, Thailand, Trinidad and Tobago, Tunisia,
Turkey, Uganda, Ukraine, United Kingdom, United States, Venezuela, Vietnam, Yemen, Zambia, Zimbabwe.

lnGDP
INFR
TERTENROL
URBANPOP
ENGLISH
GINI
FREEDOM
CONSTANT

Independent Var. Hypothesis

Summary Statistics and Weighted Least Squares Results Dependent Variable: Internet Usage Rate
(Mean: 215.75, SD: 234.72)

Table 1
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freedom and openness), the Internet usage rate is predicted to rise by
27.5 users per 1,000 inhabitants. Our model therefore predicts that
countries with a high degree of openness will, all else being equal,
have a substantial advantage over countries with restrictive regimes in
terms of Internet diffusion.
Finally, our study also confirms that English is indeed a very
significant determinant of Internet adoption. Countries that use
English as an official language have an Internet usage rate that is on
average 44.6 points higher than countries that do not.
Overall, our estimates support the findings of previous studies
discussed in Sections II and III, but in some ways our results extend
previous research. Our estimates also support the hypotheses that
higher education and income equality do indeed have a significant
positive impact on Internet diffusion, an effect that has been disputed
in the past. Moreover, we have shown that the effect of PC and
telecommunications infrastructure has a very strong and significant
effect on Internet usage rates. Another important result of this research
is that language plays a major role on the Internet. Expanding the
Internet platform in (local) regional languages, in addition to English,
would likely benefit the majority of the population in less developed
countries.
V
Conclusions and Policy Implications

IN THIS STUDY, we set up an empirical model in an attempt to discover
the main determinants of intercountry Internet penetration rates. Our
results confirm past findings that economic strength, telecommunications and technology infrastructure, English proficiency, and a country’s political and economic openness play a fundamentally important
role in determining diffusion rates. In addition to these findings, we
showed that tertiary enrollment and income equality also have a
significant positive impact on Internet usage rates.
Given that the Internet is becoming increasingly important in
today’s societies, not just as a means of communication and source of
information, but also in terms of cultural,6 economic,7 and political
development, effort should be put into bridging the digital divide. Our
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results hint at various possible policies that may help accelerate the
adoption of the Internet in developing countries, such as fighting
income inequality and promoting higher education and the learning of
the English language.8 Keniston (1997) makes a very strong case that
the benefits of Internet usage can be experienced by the majority
of the population in less developed countries only if we move away
from an English-only Internet platform and embrace local languages.
In a 2000 survey article, Madon provided an outstanding summary of
documented research regarding the measurable impact of Internet
usage in developing countries on economic productivity and infrastructure development, improving health, lowering costs of education,
alleviating poverty,9 empowering marginalized groups, and promoting
democracy and sustainable development.
One of the best approaches may be to focus on improving the
existing infrastructure and increasing the availability of personal computers to the general population. In this spirit, the MIT Media Lab
recently announced that it is working with governments in developing
countries, especially in Africa, to provide $100 laptops to students in
these regions. The initiative, known as One Laptop per Child (OLPC),
has received worldwide publicity and funding; the first prototype was
unveiled in November 2005 by then U.N. Secretary-General Kofi
Annan and Nicholas Negroponte, then the chairman of the MIT Media
Lab.10 In addition to providing computers, the lab is also working hard
to find ways of providing Internet connectivity to students at very low
costs.
We look forward to future research geared toward assessing the
impact of such projects and government policies aimed at increasing
Internet usage in developing countries. Developed countries are not
only able to use computers to optimize the production process but can
also quickly access the Internet and employ this added knowledge to
further optimize production. On the contrary, not only are developing
countries limited by the lack of present technology, but growth is
further stunted by the much slower access to information in the
absence of computers. Hence, it is doubly crucial for poor countries
to strain every nerve and sinew to stay afloat in the technological
revolution by investing in it. Further research into the feasibility of
utilizing technology in general, and the Internet in particular, for
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disseminating education and increasing democratic participation is a
must.11 It will be interesting to see whether initiatives such as One
Laptop per Child will affect the determinants of Internet diffusion, and
whether they will ultimately help bridge the current digital divide.

Notes
1. Internet World Stats, September 2006. See also Bauer, Berne, and
Maitland (2002).
2. Details available at http://www.opera.com/voice/.
3. The Breusch-Pagan-Godfrey test confirmed that the errors of our
nonweighted estimation had nonconstant variance, that is, were heteroskedastic. We corrected for heteroskedasticy by using the average cost of 20
hours of Internet as a percentage of GDP as a factor of proportionality.
4. The telephone and PC penetration rates exhibited a high degree of
collinearity, evidenced by the very high correlation (0.92) of the two variables
as well as their variance inflation factors (in excess of 10), which is why we
chose to combine them into a single infrastructure variable. The idea behind
taking the minimum of the two is that one can think of computers and
telephones as both being essential for Internet access. Of course, recent
advancements in Internet technology have diminished the reliance on telephone lines. However, for the time being this approximation makes sense,
since the reach of such technologies is still fairly limited in most of the world.
The model proposed here builds on some of the variables Murthy (2004)
proposed in his econometric study.
5. Note that a lower value on the freedom index corresponds to a higher
degree of freedom and openness. Thus the theoretical sign is negative.
6. We were unable to use firm-level data to see whether foreign versus
domestic ownership matters in impacting the Internet diffusion rates across
countries. For an excellent article in this critical area of research, please refer
to Clarke (2004). This study was based on enterprise-level data of 21 lowand middle-income transition economies, in which the author demonstrated
that foreign-owned firms experienced higher Internet adoption rates than
domestic-owned firms and employee-owned firms.
7. One of the key economic benefits could be overall low inflation.
Meijers (2006) showed that at least in the short run, increased Internet
diffusion could lead to a “low inflation experience.”
8. A study by Tan and Clark (2000) based on the data for the years 1994
and 2000 for the United States (where English is a dominant language) and
China (where English is used only by the upper-end population) gives further
support to the hypothesis that English proficiency is critical to a wider Internet
diffusion across different demographic groups. In other words, their research
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showed that the diffusion of the Internet into general population is faster in
the United States (a developed country) than in China (a developing country).
9. For example, by providing critical weather and market information to
farmers, relief workers, and researchers fighting crises caused by natural
disasters. Another example is the success of the Village Internet Program of
the Grameen Bank (Yunus 1998) in Bangladesh in promoting computer
literacy among rural poor and by providing information about economic
opportunities. Yunus, who is also the receipient of the 2006 Nobel Peace Prize
for the work he has done regarding the Grameen Bank, stressed the importance of “information technology for the poor” in his acceptance speech
delivered in Oslo, Norway on December 10, 2006.
10. Recent estimate for this type of computer is about $175 as per the
Economic Times dated May 7, 2007.
11. In a recent panel-data–based study covering a sample of 58 countries
for years 1990 through 1999, Jamali, Wandschneider, and Wunnava (2007)
demonstrated that increased usage of technology (proxied by 00 computers
per 000 individuals) has a significant impact on economic growth (i.e., annual
percentage growth in real GDP per capita).
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