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Abstract 

The world is witnessing a new digital economic order which may be quantified by the diffusion 
of information technology and globalization process. The current information technology gap (digital 
divide) between developed countries and developing countries is huge. Improvements in information 
technology (measured by the digital opportunity index) usually open up an opportunity for 
national/regional growth and development. There is a need for scientific investigation on the digital 
divide, digital opportunity index and their consequences. This paper presents a critical analysis of 
existing digital divide and its trends, it also investigates the relationship between the digital divide and 
the digital opportunity index. A mathematical model based on analysis of the growing digital divide is 
presented as a possible tool for combating and eradicate the digital divide gap which is only possible if 
developing and poor nations take advantage of the digital opportunities that can transform them into 
global competitive partners in digital knowledge economy.  

 
 
 
 

MIRAMARE – TRIESTE 

July 2007 

                                                 
1 Senior Associate of ICTP. ctbhunia@vsnl.com 



 2

 
1. INTRODUCTION 
The global economy is increasingly driven by informational technology. It is expected that 
this trend will continue for the foreseeable future. The unprecedented advances in information 
technology in the form of convergence of computer and communication has resulted in the 
creation of a knowledge based society (or world). This knowledge based world may be 
visualize as made up of knowledge workers, knowledge factories, knowledge government, 
knowledge management, knowledge products and knowledge organizations; all working 
together to generate and improved the weightless or knowledge (based) or digital economy [1-
4].  
Generally, there is no single name for this new economy but rather different authors, literature 
and experts use the terms weightless, knowledge based or digital economy.  
Given that in information technology all knowledge is digital, a more specific term could be 
Digital Knowledge Economy (DKE). 
In today's world, the countries with the most mastery, skill and control over science, 
technology and techniques of knowledge (creation, storage, protection, management, planning 
and communication) will undoubtedly be the superpowers [5,6]. The basic components that 
will shape the DKE are the Internet (connectivity - invariably, may be called computer + 
communication or talking computers) and Internet content. While former is the infrastructure 
and a tool (scientific and technological), the latter is generated by people (human beings) via 
natural, acquired and realizable intelligence process. 
It should be pointed out that since intelligence has no geographic, gender and race boundary, 
the issue (for developing countries) that will define substantially the wealth 
creation/aggregation ability in a nation is the availability, accessibility, utilization of the 
Internet or broadly speaking ICT (Information and Communication Technologies). ICT 
includes other technologies such as mobile, broadband, TV and telephony, however it should 
be noted that there is an un-parallel convergence of these technologies with the Internet 
resulting in the next generation technologies such as voice over ip, mobile internet, 3G, etc. 
Fig 1 shows the the Internet growth statistics, while Fig. 2 shows the convergence between 
the Internet and other smart and communicating devices. 
 
In this paper, Internet is used as the primary reference parameter instead of ICT due to the 
increasing convergence of other ICT technologies with the Internet while the preparedness for 
DKE will be based on the study of digital divide. 
The ITU (International Telecommunication Union (http://www.itu.int/ITU-D/digitaldivide) 
defines digital divide as “the gap between those who benefit from digital technology and 
those who do not”. This qualitative definition is taken as the basis of a quantitative 
measurement of the asymmetry between countries and populations towards distribution, 
availability, accessibility and readiness of ICT and Internet [7-13].  
In fact, the UNO (United Nation Organization) also classifies the countries in two asymmetric 
parameters, “Information Rich” and “Information Poor” based on information utilization and 
consumption by the respective countries.  The preparedness or digital opportunity is measured 
by a parameter known as Digital Opportunity Index (DOI) that measures ICT for development 
for the countries.  
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Internet Growth Statistics
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Fig 1: Internet growth in the world over 1995-2007  

(from http://www.allaboutmarketresearch.com) 
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Fig 2: Trend of Integration of other ICT devices with Internet in Japan.  
(from WIP Japan National survey). The same growing integration trend is noticed globally. 

 
 
2. DD BETWEEN THE DEVELOPED AND THE DEVELOPING 
Various aspects of digital divide has being studied from different perceptions and many 
quantitative measurements are available from printed literature or web-sites.  
However, it is not logical to compare the raw absolute numbers of two countries without 
consideration of the respective populations therefore this study will analyze a country's DD by 
considering the index values (from various sources [8-20]) as a percentage over a country's 
population.  
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The International Telecommunication Union (ITU) used an index known as Digital Access 
Index (DAI) to rank/classify the countries as shown in [12,14,16]. The DAI has a linear 
relation with DD and was determined by factors like the affordability to Internet access, 
education, percentage of high-speed Internet users and the availability of the raw bandwidth. 
Table (i) lists the ranking of countries as per DAI calculated by ITU. 
 

Table (i): DAI ranking as per ITU (2002, situation hardly varies in 2005) 
RAN
K 

Country Remark 

1 Sweden 
2 Denmark 
3 Iceland 
4 South Korea 
5 Norway 
6 Netherlands 
7 Hong Kong 
8 Finland 
9 Taiwan 
10 Canada 
11 USA 
12 UK 
13 Switzerland 
14 Singapore 
15  Japan 
16 Luxembourg 
17 Austria 
18 Germany 
19 Australia 
20 Belgium 

First Twenty countries includes: 
 

• most of developed and G-5 countries like USA, UK, 
Germany, Japan 

• But prominent missing countries are France, Italy, 
Russia 

• a few small but rising countries like South Korea, Hong 
Kong and Taiwan 

• a few other small countries like Iceland, Finland, 
Norway etc 

…… ……….. 
63 Russia 
64 Mexico 
65 Brazil 
…… ….. 
78 South Africa 
…. …. 
84 China 
….. ….. 
119  India 
….. …… 
153 Nigeria 

Most striking issues are: 
 

• THE DEVELOPED COUNTRIES IN GENERAL 
BELONG TO TOP RANKING DAI 

• THE DEVELOPING and POOR COUNTRIES BELONG 
TO LOWER RANKING DAI 

• It is important to note that neither Brazil, Russia, India and 
China are in the FIRST FIFTY! Is there any wrong in our 
prediction? 

….. ….  
174 Guinea Bissau 
175 Chad 
176 Mali 
177 Burkina Faso 

178 Niger 

Last five Countries 
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The scenario based on DAI clearly indicates the existing division of “haves” and “haves-not” 
of the countries in the world, and is quite similar to the economic division as based on GDP or 
other similar indexes. The economically developed countries are “DAI rich” and the 
developing and poor countries are “DAI poor.”  
Table (ii) (a & b) gives the figures of Internet penetration rate and that of computer use for 
different zones in the globe from 2004 to 2007 [20]. The table is gives a similar picture as 
Table (i). So it is possible to say that the data in table (ii) reflects the true current global 
scenario. That is an increasingly wide mismatch (in both DD and DAI) exists between the 
developed and the developing countries.  
The percentage penetration of Internet in Asia, Africa, and Middle East is below the world 
average over last couple of years. Africa is below other continents while. Asia and Middle 
East are nearly at par one with the other. The Latin America is nearly parallel to world 
average. Only USA, Oceania and Europe are above the world average. The significant 
observation is that Oceania beats Europe. 
It is then possible to say that globally only about 20% rich population living in the developed 
nations (i.e. in USA and Europe) have about 60% of Internet access, while the vastly poor 
population of about 70% mostly living in Asia and Africa have only about 30% world Internet 
access. This disparity of such a huge volume should surely be a cause of concern for the users, 
the technology providers, and the policy makers.  
Fig. 3 shows a comparison of how the DD is moving over years and it is seen that the DD gap 
[20-22] between the developed and the developing either remains nearly same or has 
increases over the years, although the growth rate in the developing countries is slightly 
higher that that of the developed countries. This slightly higher growth rate of penetration in 
the developing countries is not matched to their population growth rate. Thus the increasing 
DD gap when based in terms of Internet penetration (Fig. 3) is contrary to the study made by 
ITU [23] that shows a decrease in DD over a period of 1998-2004 in terms of Internet users 
on logarithmic scale. So the number of users of Internet does not necessarily indicate 
country’s affordability and availability, but only accessibility. The affordability and 
availability give a clear picture of country’s preparedness for a DKE while the country’s 
present economic position could be used to indicate the preparedness for implementing a 
DKE. A conclusive judgment may therefore be drawn that in real terms, the DD is widening. 
The same conclusion has also been collaborated in literature [24]. The widening aspect of DD 
becomes more prominent if the growth rate of population is considered with the growth of 
Internet users as is described in next section.  
 

Table(ii): (a) Internet penetration rate over 2004-2007 
Penetration Rate(over % population) Country/zone  
2004 2005 2006 2007 (March) 

North America 56.11 67.9 68.6% 69% 
Australia/Oceania 49.08% 49.2 52.6% 54% 
Europe 28.01% 36.8% 36.1% 39% 
Latin America/Caribbean 9.01% 12.5% 14.4% 18% 
Asia 6.29% 8.7% 9.9% 11% 
Middle East 5.58% 8.3% 9.6% 10% 
Africa 1.11% 2.31% 2.6% 4% 
World Average 11.5% 14.5% 15.7% 17% 
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Table(ii): (b) Computer and Internet Use per 100 people as per World Bank  
World development Report 2006-2007. This compared with table (ii)(a)  

cross verifies the acceptability of data in table(ii)(a). 
 

Zones Computer use per 100 
people 

Internet use per 100 
people 

Developing Countries 2.5 2.6 
Least Developed 
Countries 

0.3 0.2 

Arab States 2.1 1.6 
East Asia and pacific 3.3 4.1 
Latin America and 
Caribbean 

5.9 4.9 

South Asia (Includes 
India) 

0.8 0.6 

Sub Saharan Africa 1.2 0.8 
Central & Eastern Europe 
& CIS 

5.5 4.3 

OECD 36.3 33.2 
High Income OECD 43.7 40 

 
 

Internet Penetration Rate from 2004-2007
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Fig 3: Variation of digital divide (measured by Internet penetration rate)  
in the world during 2004-2007 
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2.1 DD TREND IN COMPARISON WITH POPULATION GROWTH RATE of 
FUTURE 
 
In measuring the DD, it should be noted that it is not the absolute number of Internet 
penetration or number of PCs etc of a country that will make it “information rich”, but the 
penetration rate over population. The yearly growth of Internet access of a country and that of 
the population of that country determine the penetration rate of Internet. Mathematically 
speaking the stated relation be given as: 
 

dN
dP

= dN
dY

÷ 1
dP
dY

 

 
where : 

  
dN
dP  = penetration rate, 

  
dN
dY  = growth rate of Internet access over years, and  

 
dN
dY = population growth with respect to years. 

 
While for the developed countries the reasonable empirical relations between N & Y and 
between P and Y will be: 
 

 N = a Y2  
and  

P = b Y  
 
those for the developing countries will be at best 
 

N = c Y2  

and  
P=d Y2  

 
where a, b, c and d are constants.  
 
The above equations are based on the Figs. 4 and 5 that portray the growth pattern, population 
and Internet users, for a few selected countries over years as per available data.  
Thus over the coming years, the penetration rate for developed and developing countries will 
grow at the rate of A.Y and B respectively, where A (= 2aY/b) and B (=c/d) are constants. It 
is evident that in the coming years, whereas the growth for developing countries will increase 
over time, the penetration growth of the developing countries will remain a flat one. This may 
be called negative avalanche for gap reduction in technology from which we may infer that 
 
(Penetration rate of the developed nations ÷ Penetration rate of the developing nations) 
is proportional to years in numbers from any current reference to any future reference 
 
 …………………..(1) 
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This is due to disparity in growth of the population between the developed and the 
developing. Thus the digital divide will increase over time and as per the model proposed the 
gap will grow linearly with time until and unless some drastic, innovative, appropriate, 
strategic and corrective measures are taken. 
 
In conjunction with the inference (1) drawn above, the negative avalanche will continue to 
decline further due to ever and rapid changing of techniques and technology of smart devices 
and ICT technologies. The developing and poor countries will be lured to purchase costly 
smart devices and ICT produced by the developed countries. These costly devices then go 
rapidly obsoleting. The developing and poor countries may gradually become unable to afford 
to move with technology pace of the developed economies badly resulting in poor national 
infrastructure when compared to international standard. While the developing countries are 
yet to reach the current technological threshold, the developed countries are already in the 
pilot stage of developing quantum or chemical computers. The technology gap is continuing 
and will continue to widen, resulting in another non liner negative inference: 
 
(Technology of ICT of the developed nations ÷ Technology of ICT of the developing 
nations) is non linearly increased function of any period in years from any current 
reference to any future reference  
 
 ………………….(2) 
 
Both inferences stated above based on negative avalanches) stated in (1) indicate that the DD 
gap is not truly declining. It is possible to say that previous studies on DD [25-32] have not 
taken into account the aspect of negative avalanche (2) and as such their conclusions about 
DD is not completely. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4: Population growth over years in some selected countries 
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Fig 5: Growth of Internet users over years in some selected countries 
 
 
 
2.2 DD BETWEEN INDIA AND CHINA 
 
India and China both belong to Asia. These two countries are the world’s two highest 
populated countries, and they are highest both in absolute number of population as well as in 
population density. It is therefore proper to investigate if any DD exists between these two 
populated giant countries of Asia as shown (compared) in Table (iii) [21-24]. Leaving aside 
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Table(iii): DD in between China and India 
 India China Remarks 
Population in 2004 1,088,056,200 1,327,976,727 Comparatively 

same 
Internet Users in 2000 5,000,000 22,500,000 Wide gap; India 

lags 
Internet Users in 2004 16,580,000 79,500,000 Wide gap, India 

lags 
Users’ growth over 2000-2004 231.6% 253.3% Comparatively 

same 
Internet Penetration in % (population) 
2004  

1.5% 6.0% Wide gap, India 
lags 

PCs per 100 inhabitants in 2002  0.72 2.76 Wide gap; India 
lags 

Compounded Annual Growth Rate 
(CAGR)* in main telephones lines 
over 1997-2002 

16.4 24.3 Wide gap; India 
lags 

IT per Capita in 1999 15.4 37.9 Wide gap; India 
lags 

Cellular subscribers as % of total 
telephone subscribers in 2002 --- may 
be taken as an index to migration to 
wireless age like 4G.  

23.4% 49.1% Wide gap; India 
lags 

* CAGR is calculated (by ITU) using the formula: 
 
[{(Vp/V0) (1/n)}-1] X 100; where Vp and Vo are respectively the present value and the 
beginning value, and n is the number of periods. 
 

 
It is clear that India is lagging behind China and so one could conclude that regional 
imbalances does exist even within the developing zones. 
 
2.3 DD in LANGUAGE ZONE 
 
Digital divide has been shown to exists over many distributions which include age, education, 
income, gender and urban rural divide [25-32] on global as well as country perspectives. But 
how does DD vary with language imbalances at global perspective? While the other 
parameters (age, education, income, gender) could be country specific, a language based DD 
study is only possible on a global scale as on the Internet, language does cut across 
geographic boundaries. People speaking the same language irrespective of the countries they 
belong to can share and exchange information for achieving the expected benefits of Internet 
age (often known as global networked age). Therefore a classification of the people on line in 
Internet access by language zone is relevant. Table (iv) and (v) presents the results and is 
based on information from [21-24]. 
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Table(iv): Digital divide over World Language 
Top Languages in 
Internet Culture 

% of all 
Internet 
users 

Internet Penetration by 
language (June’2007) 

Internet growth for 
Language(2000-2007) 

English 28.9% 28.6% 138.2% 
Chinese 14.7% 12.3% 413.9% 
Spanish 8.9% 22.8% 309.1% 
Japanese 7.6% 67.1% 83.3% 
Germany 5.2% 61.1% 112.7% 
French 5.0% 14.5% 362.1% 
Portuguese 3.6% 17.2% 430.8% 
Korean 3.0% 45.6% 79.2% 
Italian 2.75 51.7% 133.1% 
Arabic 2.55 8.4% 931.8% 
Top Ten these 
Languages 

82.3% 21.8% 187.0% 

Rest of the world   8.6% 435.5% 
Note: These top ten languages cover 82.3% of all Internet Users in the world, and rest of 
world language only 17.7% 

 
Table(v): DD in language zone (a) Zonal Comparison 

Language Internet access in 
million 

% of world online 
population 

English 287.5 35.8% 
Total non-English 516.7 64.2% 
Total European non-English 276 37.9% 
Total Asian Languages 240.6 33.0% 
Total Scandinavian languages (Danish, 
Norwegian, Swedish, Iceland etc) 

14.6 2.0% 

Russian 18.5 2.5% 
 

(b) Zonal figures of 2002 as per www.cybertelecom.org 
World Zone Language % Internet users by 

language 
% Web Content by 
language 

 English 36% (44% as www.why-
not.com) 

69% 

Spanish 7% 2% 
German 7% 6% 
French 5% 3% 

European other than 
English 

Italian 4% 1% 
Chinese 11% 4% 
Japanese 10% 6% 

Asian 

Korean 5% 1% 
Other 16% 9% 

 
From table (iv) and (v) it is found that: digital divide over the language zone, clearly shows 
that English speaking countries have an edge, followed by the European languages. For Asian 
languages, Chinese and Japanese are significant while native Indian and Africa languages are 
classified as others (or not significant). 
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3. DIGITAL OPPORTUNITY 
 
The disparities in different forms between the “haves” and the “haves not” in the current 
digital age has been clearly demonstrated in the above sections. Other reports and studies, 
have established positive and active role of the information technology in economic growth 
and development and it should be pointed out that with more studies and research work, the 
dimensions of the economic improvements due to ICT become clearer and better understood. 
In broad terms, ICT development can advance and enhance all the aspects of economic, 
cultural and social life. The economic, social and education gap between poor and rich, rural 
and urban and man and woman is believed and understood to be reducible with infrastructure 
developments and accessibility of informatics and telematics. The UNESCO’s Mac Bridge 
Commission [11] stated: “There can be no genuine, effective independence without the 
communication resources needed to safeguard it”. Another (Maitland) Commission reported: 
“No development provision of any country should be regarded as balanced, properly 
integrated or effective without a full and appropriate role of telecommunication”.  
GNP per person in US dollars in 1994 was respectively 24,290; 8,814 and 300 in Japan, 
Taiwan and India, while the Internet users in thousand were respectively 3,500; 480 and 60 
for these countries. The TV sets, the PCs and the CATV subscribers per 100 people were 
respectively 64.1, 12 and 8.3; 5.5, 0.1 and 1.1; and 31.5, 8.1 and 14.1 for these countries.  
The above are enough indicators on international front about the positive role of information 
and communication technologies in the process of the developments. The same sort of picture 
has been noticed in India. The relative index of development and the teledensity in terms of % 
deviation from all India figures were -1% & -15%; -57% & -78%; +269% & +692%; +14% & 
+58% and –3% & -36% respectively for the states of Andhra Pradesh, Bihar (including 
Jharkhand), Delhi, Gujrat and West Bengal. The correlation between the regional (state) 
development and the teledensity is easily shown in the above figures. The only deviation from 
the trend is noticed in case of Himachal Pradesh state that has allied figures as –25% and 
+53%. 
As such, it could be stated as a fact that Information and Communication Technologies play a 
significant role in enhancing and improving economic development. Several examples such as 
the “grameen phone” of Bangladesh and the NDDB (National Dairy Development Board of 
India) initiatives to avoid the cheaters/ middlemen in milk business so that villagers can get 
the right price of their produce are noted. In other reports [11,12], it has been shown that 
better communication enhances social and economic growth as improved telecommunication 
provides benefit to cost ratio in the ranges from 5:1 to 100:1. The DOI is quite adequate at 
showing how ICT has contributed to development. A similar index called ICT Opportunity 
Index (ICTOI) is defined as  
 

ouse)odensity(ICTOI= infinf
2

×  
 
 DOI and ICTOI are more or less comparable as shown by statistical data available in webs 
and literature. ICTOI is more generic and covers all aspects of ICT whereas DOI is 
specifically on IT access. A table of top countries in both the indexes along with other few 
countries is shown in table (vi). The table (vi) indicates that both DOI and ICTOI provides 
closely same sort of information and the both the indexes resemble the hard fact of DD 
studied previously. 
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Table(vi): Digital Opportunity Index[25] and ICT Opportunity Index[26] 
DOI ICTOI 
Rank Country DOI Score(2006-07) Rank Country ICTOI Score(2005) 
1 Korea 0.80 1 Sweden 377.69 
2 Japan 0.77 2 Luxembourg 371.10 
3 Denmark 0.76 3 Hong Kong 365.54 
4 Iceland 0.74 4 Netherlands 362.82 
5 Singapore 0.72 5 Denmark 360.79 
6. Netherlands 0.71 6 Switzerland 353.60 
7 Taiwan 0.71 7 Singapore 346.68 
8 Hong Kong 0.70 8 UK 346.37 
9.  Sweden 0.70 9 Iceland 340.57 
10  UK 0.69 10 Norway 338.53 
124  India 0.31 133 India 53.55 
77 China 0.45 79 China 109.41 
20 USA 0.66 13 USA 323.85 
13 Luxembourg 0.69 27 Japan 256.90 
 
 
4. CONCLUSIONS 
 
Based on the studies and analysis of the DD and the DOI, it is understood that not 
withstanding the vast opportunities for the developing (and poor) countries to benefit from 
digital opportunity to become a developed DKE, DD will continue to be a stumbling bar. 
At preliminary stage the government initiatives are imperative to build basic infrastructure 
and create a solid (critical) mass of human skills. A public sector and private sector 
partnership participation may be suitably employed in building rural intensive infrastructure. 
The community informatics centers are required to be implemented through rural 
communities.   
But in reference to the inferences (1) and (2) drawn earlier, the DD will continue to widening 
over time and could result in enormous problems for the developing (and poor) countries in 
competitive global world of DKE. As such closing (if not fully removing) the gap of digital 
divide is not be considered the only sound strategy for the sustainable DKE both in 
perspective of within country and of global scenario.  
 
On the global scenario, the available solution significantly lies with the theme of recent G-8-
UNESCO [33] World Forum on Education, Research and Innovation that is “we will promote 
the global information society by developing and integrating all three elements of knowledge 
triangle (education, research and innovation). We will do so by investing fully in people, 
skills, and research, and by supporting the modernization of education systems to become 
relevant to the needs of a global knowledge based society.”  
 
The two key components of DKE are people and network and it has been internationally 
recognized that improved higher education, both in quantity and quality should be one of the 
sound strategies required for the developing nations. 
Historically this is also a conclusive and decisive rule of development as “the real wealth of a 
nation is its people” and more specifically so in today’s knowledge based society [33-40] 
where “Knowledge is Power”. In other words, “Without improved human capital, countries 
will inevitable fall behind and experience intellectual and economic marginalization and 
isolation…… In the Developed World education is a major political priority.” (UNESCO). 
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The execution and implementation in the developing and poor countries need political 
realizations and priorities that may results in DIGITAL DIVIDEND (DIVIDE + END).  
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