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Abstract

The aim of this paper is to propose a research agenda that can lead to universal availability, accessibility, and affordability of information and communication technologies for the 4 billion people who subsist on an income of less than $2,000 per year.  We shall see how in relative terms the world's poor have more to gain from this technology than the affluent nations of the world.  We shall also review the barriers that make it difficult to realize the potential benefits.  We present the "4C" research agenda, which has the potential to overcome these barriers through research, development, and demonstration test beds (R, D & D) that eliminate problems in Connectivity, Computing access, Content and Capacity building.  

Introduction

The implications of the advances in information and communication technologies (ICT) for developing economies are profound.  ICT is not a cure to all the problems.  However, the poor, the sick and the illiterate of the world have more to gain in relative terms than the billion people who already enjoy the benefits of this technology.  ICT can be a powerful tool to facilitate and enable affordable solutions to economic development, individual development, and social development in emerging economies and to those populations who are socio-economically deprived. 
In the area of economic development, ICT can provide access to markets and jobs, and promote competition and efficiency.  It cannot feed the poor but can enable wealth creation and cost reduction through applications such as price discovery, marketing assistance (using eBay-like auction exchanges), and finding jobs through online job search tools (such as monster.com).

In the area of human development, ICT can help to improve quality of life for the individual by providing access to education, entertainment and healthcare.  ICT alone cannot make one literate but can enable life-long learning and education independent of limitations of language, distance, age and physical disabilities.  It can permit access to any movie, TV show, music, newspaper, or book instantaneously independent of location.  It can provide a link to doctors and treatment using telemedicine,  help to reduce infant mortality and facilitate access to safe water and information about hygiene.  Many programs for infrastructure and human development can become streamlined and more democratic through ICT.    

In the area of social development, ICT can help to facilitate free flow of information (thereby supporting democratization of otherwise insular societies) and lead to increased transparency of the Government operations through eGovernment initiatives.  It can help to provide logistic support when disasters strike whether they are natural (such as cyclones, earthquakes, volcanic activity, etc.) or man-made disasters (such as oil spills or nuclear accidents).

Barriers to Entry

The mythology of Digital Divide is that if we can somehow get everyone a PC, wonderful things will happen.  When one listens to many Digital Divide panels over the last decade, it is clear that there is a lot of wishful thinking all around.   

The reality is that in order to make this technology truly available, accessible, and affordable, there are many technical, social, regulatory and legal issues that need to be solved.  Less than 10% of technical, economic and social problems of “what it will take to fully harness the power of ICT” relate to having a PC.

It is well known that Digital Divide really consists of many sub-divides: 

Infrastructure Divide

Access Divide

Literacy Divide

Language Divide

Information and Knowledge Access Divide

Jobs Divide

Health-care Divide

Entertainment Divide

Demographic Divide

Solving any of the above problems alone will not address the others, and a systemic and integrated approach is therefore needed, with appropriate experiments and demonstrations to validate the approach.

Infrastructure Divide

One has only to look at the density of connectivity, for example, as projected in the TeleGeography maps, to appreciate how poorly south Asia, Africa and Latin America are connected.  Even within countries disparities remain.  With one-sixth of the world’s population, less than 2% of Indians use the Internet, and the teledensity is only about 7%.

Access Divide

Availability does not by itself guarantee accessibility, which requires computers or a similar machine and other ICT enablers.  In fact, at least 80% of developing country populations live within the signal of a mobile phone provider.  Access is often made more difficult through a pricing policy that is regressive against low-income users connecting to networks for even minimal usage.  

Literary Divide and Language Divide

Computers today are for literates, and largely to those who can read European or select Asian languages.  Less than 5% of usage is by people who only speak and read other languages.  For those with reading difficulties, there are not many options to get around the problems of illiteracy.  

Information and Knowledge Divide

Most of the information available on the Internet today is from Western sources, and even local contents typically cater to the urban elite.  Relevant, useful, and trusted content for developing countries is not easily accessible.  For instance, good information on alternative or traditional medicines that have been in use for centuries in Africa, China, and India are not readily accessible.  Beyond literacy divides, there remains the e-literacy divide, which separates the multitudes of passive consumers of ICT from those who are empowered by ICT for private, commercial, and social good.  While television and radio have provided some amounts of information (and entertainment), the Internet is unique in allowing the possibility of feedback and user-to-user interaction.  

Jobs Divide

Employment opportunities in developing countries are not fully available, and this especially limits the openings for transient and seasonal workers.  The Internet has the potential to provide wider dissemination of opportunities thus enabling a larger base for selection. This would provide a transparency not usually seen in many developing countries.  

Health-care Divide

One has only to access the webpages to see how poorly served the developing countries are when it comes to providing appropriate health information (e.g., childhood diseases, prevention, nutrition, basic care, etc.) or information relating to neighborhood health facilities and their accessibility.  In addition, ICT is yet to be easily available for those with special disabilities, especially the elderly.  

Entertainment Divide

Many developing countries have limited access to locally (community) generated entertainment.  Local events, cultures, festivals, and traditions are not given enough prominence, often because of the pressure of globalization or being “competitive.”  This is an extension of the knowledge divide, which results in much of the content being generated in developed countries, or, at best, in (and for) urban areas.  

Demographic Divide

Even when one finds an increase in the overall usage of ICT, such statistics can mask deep divisions within a population.  In addition to rural/urban and gender divides, the elderly are often the least likely to benefit from ICT or its possibilities.  The inclusivity of women is paramount, as they are the anchor of the family unit, and are also overwhelmingly the primary nutrition, water, and healthcare provider for many families.  

Availability, Accessibility, Affordability: Necessary Conditions for Sustainable ICT

Simply extrapolating today’s growth rates into the future, it is estimated that over the next 10 years, advances in ICT will give us 100 times more computational power, 1,000 times more (disk) memory capacity and 1,500 time more (optical) network bandwidth for about the same cost.  How can we harness this power for the benefit all humanity?

For ICT to be available for all, communication technologies must be accepted as a basic necessity of life. As the recent ITU data from the World Telecommunication Development Report 2003 indicate, not only is connectivity limited, but the cost for even limited dial-up connectivity alone is often equal to over 100% of the average per capita gross income!  Broadband connectivity of less than 2 mbps costs around $40 per month in the US, and such connectivity is unavailable in most countries.  At connectivity charges of $40 a month (or even $4 a month), accessibility to ICT will be out of reach for 70% of the world's population.  We must seriously explore if not embrace the idea of free information highways provided by the Government, just as they do roads.  This will require a significant change in the mindset of the political leadership (and the current system of incumbents and monopolies), but this is the only way to quickly achieve near-universal utilization of information technology. Too often, ICT infrastructure itself is thought of as a major profit center (and something that must only be privatized), and this makes applications and services unaffordable.  

The second necessary condition for ubiquitous ICT is the existence of a clear value proposition.  In an under-educated society, such as in a small village in India, the role and value of a computer will not be obvious.  For ICT to be ubiquitous, this role should become self-evident.  The value proposition should be, “would you rather spend money on a computer or X”?  In many villages across the world, the choice would be clear if the option was a TV set or an affordable luxury item such as a refrigerator or music system.  Until we can make the value of a computer as self-evident as the TV set or refrigerator, we will not succeed in creating a society that values ubiquitous access to ICT.  

The third necessary condition for sustainable ICT is accessibility.  It is not always necessary to own a computer to be able to access one, as demonstrated by the emergence of cyber cafes around the world.  Thus we would expect that in rural underdeveloped environments, it would be adequate to have access to a computer within a walking distance.  But it should be a reasonable walking distance, not the many miles that people often travel for obtaining water or firewood!  The cost per hour of usage should not exceed more than the cost of a basic cup of coffee.  Accessibility to a computer also implies local language support and/or in the case of an illiterate person, the use of speech-based and graphical communication with the computer.  

The fourth necessary condition for sustainable ICT is affordability.  If ICT is to achieve pervasive presence in developing economies, it has to become affordable.  A multi-function information appliance should cost about the same as a TV set while providing superior capabilities than current subsystems.  There are efforts under way to build a single appliance that combines the computer with a television, video conferencing for tele-medicine and tele-education and accessing other experts, IP enabled telephone, and hard disc video recorder – a 5-in-1, as one may call it – at an affordable cost.  

The fifth necessary condition is that ICT be trustable and tamperproof.  It should be a trusted source for information such as news, prices of produce in the regional markets, and governmental obligations (e.g. tax information, bill payment and filing deadlines).  It should guarantee privacy and anonymity to users such as when requesting information, for example, about diseases and treatment.  In addition, online assets such as house deeds and land records should be as safe, private and yet accessible as though they are taken out from private safe vaults.

The 4C Research, Development, and Demonstration Testbed Agenda

In this section, we discuss the Research, Development and Demonstration Testbed Agenda, which would permit universal access to information and communication technologies.  Normally, even research and development find a chasm between them, and only a handful of demonstration testbeds are parts of the research agenda.  However if widespread deployment is the goal, demonstration testbeds are necessary to ensure that it is more than a case of “does the technology work?” which is often shown by a pilot demonstration only.  A true testbed incorporates non-technical issues such as social acceptance, economics and sustainability, field conditions, etc.  All these three steps (R, D, & D) require feedback and linkages without which many promising ideas will not reach widespread deployment, and a lot of time and money would be spent on stop-gap solutions and innovations.
  

The Four Columns (4Cs) that are essential to support Universal Utilization of ICT are: Connectivity, Computer access, Content and Capacity building.  

Connectivity: What are the technologies and architectures that might enable Governments to provide a free communications infrastructure? What is the Research, Development and Demonstration Testbed Agenda for connectivity?

Computer Access: What would make a PC (or alternative device) desirable to an average citizen in a village? What is the Research, Development, and Demonstration Testbed Agenda for creating an affordable PC that is easy to use and has a clear value proposition?

Content: What is the Research, Development, and Demonstration Testbed Agenda for creating locally relevant and useful content?

Capacity Building: What is the Research, Development, and Demonstration Testbed Agenda for training an illiterate person to use and benefit from a PC?

Many issues cut across these four areas, such as the questions on the best role for government and appropriate regulations.  Additionally, sustainable ICT requires security (encompassing issues such as confidentiality, authentication, integrity, privacy, etc.)  While corporations and larger entities like governments have the resources to spend on security, end-users cannot and should not have to spend significant time or money worrying about such issues. We should try to design systems to be more secure.  

In the rest of this section we discuss these issues in some detail.

Connectivity

For ICT to be available for use by everyone, communication technologies must be accepted as a basic necessity of modern life much as we view water, air and roads.  That means it has to be free or at marginal cost, or provided as part of public infrastructure.  It is a historical accident that communication technologies such as telephony were viewed as a luxury and deemed to be part of a market economy.  Internet Connectivity is seen as even more out of the ordinary.  

The capital costs associated with creating an information highway are two orders of magnitude lower than the cost of building an Interstate Highway system.  Recent advances in Wifi (802.11b) and now WiMax (802.16) wireless technologies should make it possible to provide basic connection to the Internet nearly for free.  Unfortunately, most developing countries limit the use of unlicensed spectrum, limiting such innovations.  

Table 1:  Policy Divide on Unlicensed Spectrum and Usage

	
	Developed countries
	Developing countries

	% with license exempt wireless spectrum
	96%
	41%

	% with license exempt wireless devices
	95%
	40%

	% with license exempt wireless commerce
	65%
	20%


Source: The Wireless Internet Opportunity for Developing Countries (2003)

For ICT to be sustainable (with widespread ubiquitous access to all citizens), it cannot be based on charity.  While many governments provide TV broadcasting infrastructure, individuals buy their own TV sets.  Similarly, governments provide roads and individuals pay for cycles, cars and gasoline.  The same analogy would apply for creating a sustainable ICT infrastructure.  We believe it is necessary and desirable for the governments (with appropriate private participation) to provide a ubiquitous Internet infrastructure (both wired and wireless), while individuals pay for computers and usage charges.  Thus, while the Internet connectivity might be free, one might pay a penny for each email sent in excess of a basic, free allocation.  To be truly and universally beneficial, say, the first hundred outgoing email messages per month, should not incur any charges.

Uneven participation of many segments of the global end-user community has constrained and distorted the market-driven development of Internet goods and services, electronic commerce, education, entertainment, and other services; large market segments that are yet to be connected, cannot participate.  For example, potential producers of educational software are unable to design Internet-based solutions for those who would eagerly use their products, because those segments are not connected.  This prevents economic justification of the educational products.  

In the future, every home should have affordable connectivity, perhaps through high bandwidth wireless connectivity.  Broadcasting (wirelessly or even through wires) can be replaced by unicasting and multicasting, and personalized service.  Entertainment and other services can become demand-driven. A revolution in education can spring from the capacity to serve all learners, regardless of family wealth or location.  eCommerce can simplify the tasks of daily life.  And, overall prices can drop in both private and public sectors, as efficiency gains can be translated into benefits for both consumers and producers.

We present below a concept study for “greening” the Continent of Africa with virtually unlimited bandwidth for communications.  Given the falling costs of IP switching equipment and low cost of labor in Africa for trenching and installing conduits and fiber, it appears that such a network can be created at a cost of about 1 dollar per person as one time capital cost. Such a network would be able to provide services to a large fraction of the population.  This makes it possible to conceive of a scenario where Africa would be the first continent where communication is free.  The aim of this analysis is to explore the creation of a future-proof telecommunications infrastructure for Africa, one that helps the continent leapfrog while ushering in new models of development and empowerment.

The FiberAfrica Case Study

Africa is a vast continent but with a modest population and much lower GDP than its size and raw resources would suggest.  Most of its 53 countries are underdeveloped, and much of the contribution to the overall development metrics comes from a few countries in northern Africa or South Africa.

The accompanying figure in Figure 1 shows a schematic for a new optical fiber backbone for Africa. This network is designed from the ground up so that it would be able to cover a very large percentage of potential users at very low cost.  Combining new technologies including Dense Wavelength Division Multiplexing, optical networking and broadband wireless, we aim for near- universal access at very low cost to most end-users, with free basic connectivity and small charges for value-added services.  

This plan is not as ambitious as it would appear at first sight, and might, in fact, have a high likelihood of success as measured by viability, penetration, and impact.  The capital costs for the entire continent are modest - totaling under a billion dollars (based on the assumptions detailed below, and assuming free right-of-way from all the countries, and excluding certain end-user equipment like computers or modems).

The Need for a new ICT network -  Rationale.  Telecom development in Africa today is limited and disparate.  Access, especially to data networking, is very expensive, if available at all.  While many countries recognize the importance of ICT, most development programs are one-off initiatives fundamentally different from what we propose.  These efforts center on international linkages with some satellite connectivity as well.  In addition, many designs are urban and/or elite oriented.  What we propose is to build a network with enough capacity and of such low cost that basic connectivity can be provided for free to all casual users.  

In terms of GDP and telephone penetration overall, by some metrics, Africa comes near India and China (China being a good deal ahead of the others).  Both countries are success stories when it comes to ICT, and find very high growth rates, economically as well as ICT-wise.  But, despite its size in aggregate, most countries in Africa are very small on an Internet scale.  In fact, the entire continent would only compare to a single large city in the US in terms of data networking.  Without a network designed similar to the one proposed, including the economies of scale, each country will replicate much of the network, especially when it comes to international connectivity, uplinking, and data centers.  Alternate incremental network designs and upgrades will only lead to incremental or marginal benefits.  In fact, ICT does not always lend itself well to intermediate efforts but rather favors leapfrogging and widespread deployment, because of the so-called “network effect.”

Network Design.  The core of the network is an optical fiber backbone, connecting virtually all major population centers (cities with a population over 250,000).  Even if these cities are not all “lit” in the first phase of the network, it becomes increasingly easy to connect them over time as demand warrants.  This design offers almost limitless capacity, scalability and “future-proofness.” A preliminary design indicates that the core network would be of approximately 70,000 route kilometers in size.  

Of course, a backbone network is of limited value without users accessing the network, and this is where new wireless technologies are expected to play a major role.  Wireless technologies are exceptionally attractive not only because of their ability to be deployed with limited existing infrastructure, but also because they are based on a shared medium, which lends itself well to low densities of users. While 802.11 (“WiFi”) has led to “hot spots” and entrepreneurial innovation for wireless access, there are emerging technologies even better suited for wide-area networking (such as 802.16 -“WiMax”).  Regional optical fiber spurs would extend the wireless footprint, while satellite-based connectivity would be useful for remote locations where extending optical fiber connectivity is not cost effective.  The aim is for most users to have access available within walking distance, and the revolutionary pricing model (free basic connectivity) eliminates barriers to entry for users.

Impact and Benefits. The impact of this network, even during its initial deployment, is going to be dramatic.  All public users such as schools, hospitals, libraries, etc. would have free access to basic connectivity.  This can be an enabler for both e-governance as well as social and humanitarian activities such as literacy and tackling HIV/AIDS.  With widespread deployment of such a network, citizens would find much lower transaction costs, and experience greater transparency in their interactions with government and business.  A longer-term vision is for not only doing things less expensively than today, but also differently as well.  ICT based employment can have high growth rates, and can bring many countries into the global knowledge-based economy.  Niche examples of this are already visible in countries such as Ghana.  

ICT has a great role to play in human development, as discussed at the World Summit on the Information Society (WSIS).  Most of the targets established at WSIS related to infrastructure development, which this network addresses.  There is enormous and latent demand for ICT in Africa, evidenced by people’s willingness to pay even the high costs of today (the average telecom user in Africa today pays ~$350+ per year).  This network will also lead to enormous employment opportunities, not only after deployment, but also during the construction phase involving laying and linking 70,000 km of fiber into a network.  We estimate the trickle down and spin off benefits of this network to be significant as well.  

Figure 1: FiberAfrica Preliminary Design and Features
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Salient Features

Core network estimate:

70,000 km

Regional Fiber Spurs (to reach other major areas not in yellow and to connect Wireless Hubs):

30,000 km

~ 400 population centers are connected

Fiber (including laying) is over half the capital costs - implies most expenditure can have a long amortization horizon.  

Computer Access

The Goal.  As we discussed earlier, availability, accessibility and affordability of a PC (or appropriate device) is essential to entice a rural villager to buy a PC rather than a mere TV.  We propose the development of an integrated multifunction information appliance called PCtvt which includes the functions of a PC, TV, digital VCR, Video Phone and IP-Telephone as an all-in-one device to satisfy this need and whose value proposition would be self evident.  

Projected technological advances offer us the opportunity to create such a device, a PCtvt, at an affordable cost.  In the coming years, with appropriate policies, there can be a convergence of television, telephony, and the Internet.
  Users can be offered information on demand – and even innovative services not yet conceived – since all information is just bits of digital data processed by an appropriate device like the PCtvt.  

PCtvt Technical Specifications
Carnegie Mellon University is working with Trigem Computer Inc. of South Korea (http://www.trigem.com/abouttg/overview.asp) in designing a new multifunction information appliance, the PCtvt as an integrated low-cost consumer product.  The target price of the PCtvt is under $400 in 2004 and hopefully under $250 by 2007, with widespread manufacturing and rapid commoditization.  The software is being designed for easy use by a rural or even illiterate person without formal education.   Complex systems need not always require formal or extensive training; the automobile is a classic example of such a system.  

1. The product will have a standard PC configuration (sealed box - not intended to be programmed by end-users) including a DVD-CDRW and Wifi wireless internet interface, hard disk (for digital video recording), TV tuner with mpeg encoder/decoder, camera for Video Telephony, and IP-Telephone plus voice input-output.

2. Modularity and expandability to other configurations.  This improves the product life-cycle, as well as expands the target audience.  The basic version would include a monitor, and upscale versions would offer flat panels, larger screens and optional external displays (and connectivity choices) such as HDTV screen or LCD projection for large-screen viewing.

3. Inexpensive, reliable, standards-driven architecture.

4. Simple but extensible operating system.  Linux and/or a low cost version of Microsoft Windows (less than 5% of total cost).

5. Radically simple user interface for all the functions (as easy to use as a TV set
).  

6. Multilingual capability, including non-European character sets and voice input-output (at a level for people who do not read or have disabilities).

7. Cable-ready, antenna-driven, Internet-ready.

The PCtvt is being designed with a view to making it attractive for the rural population with a clear value proposition viz., for a small additional cost, anyone buying a TV would also be persuaded to choose PCtvt. 

If efforts to create such a device are successful, PCtvt will change the telecommunications industry as we know it.  Even without this device, the POTS phone is gradually being replaced by IP (if not video) telephone and PCtvt would only accelerate this trend.  It will also change the cable and broadcasting industries as we know them, with broadcasting replaced by "unicasting," i.e., content individualized and customized for end-users, including interactive multimedia, entertainment, games, and educational programs.  Presently, one system delivers high-quality prepared programs for spectators to "watch TV."  A different system supports “interactivity” and access to the Internet.  A third system allows "telephone conversations.”  The proposed multifunction information appliance will not only perform all these functions on a single platform, but would also allow many new services such as Telemedicine, e-Learning, entertainment, voice and video email, many-to-many video and audio conferencing, eCommerce, etc.

Given PCtvt's low cost, service suppliers (ISPs) may see the value in providing it free, with a service contract.  Advertisers, content suppliers, and other eCommerce companies will be motivated to support the widespread adoption of the device.  Government, schools, health care organizations, and social agencies will see the value in supporting it.  Widespread adoption will hasten the development of a  global communications infrastructure and many new services.  

Two major issues with any such device for a worldwide market would be the ease-of-use and product lifecycle.  While the necessary components to create a PCtvt have existed for many years, they have not been integrated into a platform that is robust and easy-to-use.  Secondly, such a device would need to have a longer service life than a PC, of 5-10 years, if it were to replace devices like a TV, phone, or a VCR.  This also affects the cost of such a system to the end-user.  Making the technology modular and expandable would be one way to address this challenge.  In addition to these concerns, such a device should only require very low power, since lack of reliable electricity is a bottleneck to ICT penetration; standalone power systems are very expensive, often more than the ICT they support.  

If one combines all the market segments where this device can be a replacement or enhancement, this would span PCs, TVs, VCRs, DVD players, digital entertainment systems, etc.  This shows that the global market for a PCtvt may be about 100 million plus units per year!  The challenge would be to create a device that has a low cost basis and targets a much larger number of currently underserved populations.  In addition, if this is truly meant to be a commodity, how is the required R&D to be funded, to bring us to the point where the technology is mature for commodity production?  

In addition to PCtvt and other traditional devices, mobile devices have unmet potential in their ability to supply basic connectivity and necessary data services such as weather, crop prices, etc.  While mobile phones are becoming ubiquitous (with twice as many mobile phones in Africa as landlines, and with ~80+% of developing country population falling within a telephone provider’s footprint), lack of standards, content, and appropriate cheap devices and usage plans have limited their usage for data services.  

Current Limitations.  Socio-economic factors have been undermining progress toward universal access and full participation in the networked society.  A July 1999 report from the U.S. Department of Commerce identified several factors (below) that define "The Digital Divide."  While some of the gaps below will decrease over time with saturation of penetration within the upper strata, they remain a strong predictor for households’ ability to use ICT effectively.  

1. Education.  In 1998, households headed by a college graduate were 8 times more likely to have a home computer and 16 times more likely to have home access to the Internet than households with only an elementary education.  This gap grew 25% between 1997 and 1998.  

2. Income.  High-income households are more than 9 times as likely to have a computer and 20 times more likely to have Internet access.  This gap grew 29% in the previous year.

3. Urban/rural.  Even accounting for income levels, those in rural areas have lower computer ownership and are less connected than those in urban areas.

4. Schools.  In 1998, 62 percent of schools in wealthier areas were connected to the Internet, but only 39 percent of poorer schools.  Even when a school is connected, number of users sharing a computer (or connectivity) varies significantly amongst schools.  

To help benchmark these numbers, ITU statistics show that worldwide, there were 75.3 televisions per 100 households (2002), of which 46.4% accessed cable or satellite television, 9.9 PCs per 100 persons (2002), and 10.2 Internet users per 100 persons (2002).  These indicate not only the demand, but also the scope for growing the market.  Another benchmark is the percentage of GDP spent on Information and Communications Technology (ICT).  While there is variance across countries by size and level of industrialization, the 2002 global expenditure on ICT was 6.6% of the Gross World Product.  While some developing countries spend a much lower fraction of their GDP on ICT, some of the larger countries such as China do not lag in ICT expenditure.    

Content

It is well recognized that different information carry different value (measured by $/bit), ranging from the very inexpensive for broadcast television, to the more expensive (telephone).  Individualized contents have a much higher value.  One challenge is developing the right platform and infrastructure for supporting this wide range of content.  In addition, content must be relevant, affordable, trustworthy, and accessible.  

With appropriate infrastructure and user-devices, the following contents could be available for users:

· Communication (even for free?), perhaps with new forms of communication

· Text, Voice, Video e-mail

· IP-Phone, Video-Phone, mobile IP-Phone

· Instant messaging: in touch with all family members and associates

· Many to many conferencing

· Information on Demand

· Essential Information

· Disaster Warning (and mitigation)

· Natural (weather, earthquakes, et)

· Man-made (oil spills, power plant accidents, etc.)

· Medical

· Farming

· Searchable FAQ database: text, voice and video content, with indexing and searching

· Access to specialists and learning from “best practices”

· Communities and Forums/Societies on various issues and topics

· Life-long learning and education

· Literacy

· Functional literacy

· Adult literacy

· Reading Tutors to augment teachers’ roles

· Driving, cooking or other vocational classes 

· Independent of limitations of language, distance, age and physical disabilities 

· Governance & empowerment 

· Free flow of information 

· Supports democratization of otherwise insular societies

· Increased inclusiveness, participation, and feedback

· Increased transparency of Government functioning

· Enables easier “freedom of information” by law

· Health-care

· Access to medical information for small problems & assists triage for emergency needs

· The family unit (especially the mother) is the primary care provider for much of the world

· Information about hygiene and nutrition 

· Link to doctors and treatment using telemedicine

· Enable and enhance access to safe water 

· Agricultural information 

· Price discovery for food products to increase farmers’ share of retail price

· Diagnosis and treatment for crop diseases 

· Forecasts and prediction

· Weather

· Disaster

· Demand

· Access to best practices to improve productivity

· Access to markets and jobs

· Price discovery

· Marketing assistance (using eBay-like auction exchanges)

· Home-made or local goods (clothes, object d’art, edibles)

· Employment opportunities through online job search tools (such as monstor.com)

· Especially helpful for temporary, migrant, and new job-seekers

· Access to finance, credit, payments etc.  

· ICT can help spread the availability of finance, insurance, etc. to those who lack such facilities today

· Utility payments (electricity, gas, telecom, etc.)

· No queues, delays, extra (late) charges

· Increased ability to offer lifeline services

· Higher efficiency

· Reduced theft of services (coupled with integrated advanced metering and monitoring)

· E-commerce and Household Shopping 

· Online purchasing

· Rapid delivery

· Efficiency and lower prices

· Reduced inventory requirements

· Reduced commuting

· Personalized ads and targeted marketing/discounting 

· Entertainment & Amusement 

· Access anywhere, anytime, to any movie, TV show, music, newspaper, or book

· Increased options in terms of language, culture, etc.   

· Tourist & Pilgrimage Information 

· Location, travel assistance, fares to near by cities, pilgrimage centers and tourist spots 

· Online booking of tickets from home 

Capacity Building

“Give man a fish and you will feed him for a day.  Teach man to fish and you will feed him for life” (old Chinese proverb purportedly by Lao Tzu).  Building human capital or capacity building has to be a central element of our research agenda.  Both UN and World Bank have stressed the importance of building human and institutional capacity to be as important as the transfer of financial resources and the building of physical capacity.  

For technology transfer to be successful, the recipient must have the capacity to absorb and internalize the technology.  For example, if we give all the designs of an advanced aircraft to Russia, it would be able to build that aircraft without much difficulty (and perhaps even add some enhancements), but if we give the same to, say, New Guinea, it will be a long time before we see an output resembling a plane.  Thus achieving universal utilization of ICT will imply having a society that has the knowledge and skills to learn to use it.  

As luck would have it, the multifunction information appliance we discussed earlier is the very tool that can facilitate capacity building.  Having access to live and prerecorded lectures is not the only form of knowledge access that is facilitated by replacing a TV in a rural home by a PCtvt.  Instant access to knowledge through digital libraries also becomes possible including searchable video clips that explain, in the local language, the details of using various tools and applications available in and beyond the PCtvt.

Beyond e-literacy, the first and foremost step for countries must be literacy and basic skills.  In an increasingly modern and globalized economy, mere commodity production is unlikely to provide growth fast enough to reduce poverty.  One of the key components of capacity building would be the creation of “Teach the Teacher” programs, which could lead to explosive enhancement in the capacity of a nation.  Establishment of international fellowships would provide leapfrogging options to citizens of many countries. 

In addition to capacity building in terms of education, countries need appropriate legislation for the digital world.  This must cover the digital convergence, security, digital signatures and payments, etc.  The use of ICT must move from being an end in itself to being a means for development and growth.  

For end-users to take advantage of ICT, they (and entrepreneurs) must be willing to invest time and money into these new technologies.  Access to credit, especially microcredit, is a bottleneck hampering the spread of ICT.  Here, ICT can become an enabler, as increased transparency and information flows can help make funding available to those who lacked such facilities before.  In addition to private good, public good calculations (and symbiotic benefits between public and private) can justify many funding mechanisms for ICT projects.  

Social, Regulatory and Legal Issues

One of the major obstacles to the proposed vision of Free Internet is the resulting disenfranchisement of the current Internet Service Providers (ISPs) and incumbents.  We are today caught in a vicious circle.  Because of the high costs, the number of subscribers to high speed internet services in Emerging Economies is abysmal relative to Industrialized Countries.  Because of the tiny subscriber pool, the providers have no incentive to add such services, and even if they do, they charge exorbitant fees to recover their investment.
  

The answer today in many countries has been to try to limit innovation and convergence, e.g., disallowing unlicensed wireless or IP-telephony.  The future is likely to be disruptive.  Given the gigabit speeds enabled by fiber to the home or building, and at least 50 Mbps plus wireless connectivity in villages, and given the triple play of PCtvt providing TV (and Cable functionality), Internet, and IP-Telephony with low costs for providing bundled or integrated services, the pressure would be on the incumbents to innovate, or become irrelevant.  The Telecoms as we know them today will not have the long distance revenues to rely on (we see this already with the significant loss of revenues as people switch to Voice over IP technology and as competition takes hold in some places).  The Broadcasting and Cable companies will not be all-powerful in their current roles since Video on Demand will permit anyone to watch any show at anytime (broadcasting is superceded by unicasting).  Other current businesses such as the music industry have to reinvent themselves with new business models.

What can be done?  It is important to note that while the current business models may be untenable in the long run, the basic needs of customers who used to pay for these services will continue to be the same and will even grow.  With free and/or low fee business models, we further enable an additional 4 billion people at marginal level of incomes to become potential customers, adding to the total market a much larger pool of the global population.  

New Roles for Providers: 

As we search for feasible models, the US Interstate Highway System analogy appears to provide a useful metaphor.  Just like the existence of the free road system (paid for by taxes) creates the demand for cars, gasoline, motels, mechanics, auto supplies, repair shops etc. (all of which generate economic growth and jobs and, indirectly, governmental revenue from taxes), the existence of a free Information Highway will generate economic growth and value added taxes as customers buy PCtvts or other devices, download movies, music and books (paying a fee), use third party software as services, or exceed the free basic service allocations of bandwidth and capacity.  In all these cases, multiple payment models may be available thru different retail ISPs.  One is a prepaid subscription model for defined services such as free reading and email.  The other is “Pay Per Service” in which prepaid direct fees are collected when a service is used, permitting the customer to monitor charges thru continuously visible metering (no monthly “statement shock”).  The key is to create a market where one did not exist before, by providing free and/or very low cost choices much as Yahoo and Google have done, and letting the market develop.  The value proposition becomes obvious.

What role can the incumbents play in this new world and continue to thrive?  Even if the Government pays for the creation of fiber and wireless infrastructure, the day-to-day operation, customer service, maintenance and upgrading of the infrastructure can best be done by the private sector or competitive public sector companies.  The current Telecom Service providers have the people, trucks and training facilities and will be able to provide this service and pickup additional revenue, as conventional telecom revenues gradually decline.  Broadcasting Networks can continue to create content and charge for content as a subscription service or can adopt a fee for service model, and the Cable companies might become the retail ISPs who provide the Petabyte Servers at local or regional head ends for hosting movies, videos, music, books and other content.  The resulting revenues might be shared between Government, infrastructure support providers, retail ISPs, and content providers. 

Business models for compensating copyright and intellectual property (IP) owners:  

Media preferences generally follow the 90-10 rule, i.e., 10% of the movies (and 10% of music and 10% of the books) garner 90% of the revenues.  However, in a global market of 6 billion people, the remaining 90% of the media will also have a market potential, albeit a smaller one.  The ability to provide individualized delivery at extremely low cost to a small part of a large market can be beneficial to the forgotten 90% of the creators if they can be seen and discovered.  Here the current copyright laws act as a deterrent.  If a book is not online in form that permits searching, indexing and discovery, it is probably lost to society no matter how profound the content.  On the other hand, if an author simply puts his life work on the web, he stands to gain nothing in return.  Catch 22!  

We propose a model in which society appreciates creative works and compensates authors in return for permitting open public access to their works.  Libraries serve this function, but only a few countries like the UK have a compensation scheme to pay royalties to compensate authors for lost revenues from free access to their books from libraries.  If a government-funded payment scheme were to become universally accepted, we can create a global digital library that contains all out-of-copyright and out-of-print and out-of-money books, music and movies.  This would lead to a win-win situation – the public would have access to works that would otherwise be inaccessible, and the author would have the pleasure of (and money from) knowing that his or her work is of value and relevance to society.  A parallel model, not mutually exclusive to public access models, would be for online digital publications to be an additional stage of publishing.  Just like hardcover books are the most expensive (and released first), followed by paperback and then versions exclusively for sale in developing countries, “digitalback” versions could be offered at even lower prices, but after an appropriate delay of 6-18 months to prevent conflict with traditional sales.  

Public funding of access to information is not a new idea.  100 years ago there were few public libraries.  Until Andrew Carnegie made it a world wide mission, a library as a “public good” was not widely acknowledged or acted upon.  Today, it is estimated that global public spending on libraries is in excess of 40 billion dollars and that the US spends over 12 billion dollars annually in support of libraries.  In the 21st century, since much of the information is likely to be digital and accessed via the Internet, it seems appropriate that an amount equivalent to the annual library expenditures should be set aside from public funds (perhaps gradually reaching parity over 25 years) to enable digital access to information and knowledge.  But unlike physical libraries, where much of the costs are for buildings and people, in a digital library a significant portion of the funds (say 25%) could be set aside as royalty payments to authors and artists of creative works to be paid based on number of accesses rather than number of copies.  The savings from not requiring as much physical space or maintenance might alone justify such a transition.  

There will be numerous administrative and technical details in managing a trusted global distributed digital library, e.g., creating and monitoring registry of content available for free viewing, reading or listening and determining the royalty payments.  Many of these issues can be solved but are beyond scope of this paper.  

Conclusion

ICT has grown rapidly, but its effects have been heavily concentrated amongst the few.  We need to create a global research community (distributed research institutes?) devoted to research and experimentation on digital divide issues, which must encompass not only the technology, but also social and policy aspects of ICT.  Such efforts should lead to plausible solutions resulting in the availability of tools and solutions for the whole world as “open source.”  Such a community would:


Play an active role in creating solutions that can lead to free or nearly free broadband Internet connectivity.  It would cost only a few percent of the cost of building roads but would result in significantly greater return on investment and economic growth.  


Develop affordable multi-function information appliances that are dependable and easy to use such as a low cost PCtvt.  


Create applications and content that are primarily meant for rural or disadvantaged populations, and accessible to all citizens regardless of education, status or location.


Provide free universal access to knowledge and know-how by creating a center (a National Digital Library?) that would specially provide assistance and answers to problems faced by the disenfranchised or disconnected population.  


Develop solutions to overcome language barriers by creating multilingual interfaces, spoken language interfaces and translation systems across languages.  


Establish International Fellowships, to assure indigenous “Capacity Building in IT” for citizens of all countries.

The primary issue is how government, academia, industry, and research and development agencies can work together to make a difference.  Policy statements and reports are useful but do not demonstrate workable solutions.  We need believable Demonstration Testbeds and prototypes (exemplified by initiatives such as e-Choupal) and a concerted plan to make them sustainable and universally available.  We need to carry out multiple field experiments to demonstrate feasibility of the ideas that we – the research and user communities – generate.  Most importantly, the ideas must be sustainable and therefore cannot depend on charity.  Initial costs can come from seed grants or low-interest loans, but operating costs and even capital must be paid by the users, either directly or indirectly.  

Until we solve the challenges and problems posed by 4Cs (Connectivity, Computer-access, Content, and Capacity-building,), we will not have widespread use of ICT.  Solving any one problem can still leave the others festering, and a systemic approach with experimentation is therefore needed.  ICT can act as an enabling tool to breakdown the divides in society.  Providing real working exemplars is the only way to realize the societal impact that ICT has the potential to create.  
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� A process flow diagram for making ICT relevant for Sustainable Development is presented in the overview for the CMU organized Bangalore Workshop on ICT for Sustainable Development, at � HYPERLINK "http://www.cs.cmu.edu/~rtongia/bangalore.ppt" ��http://www.cs.cmu.edu/~rtongia/bangalore.ppt� 


� This “triple play” is already advocated as the best solution for greenfield telecom designs, and optical fibers have a large role to play in such designs (such as in the network for Africa discussed above).  


� Like an advanced TV set, which can actually be rather complicated, the basic functionality should be accessible to all users without a steep learning curve.    


� Bit for bit consumer broadband in Japan is ~100 times cheaper than in India, even in absolute terms at market exchange rates!
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