ICT, Economic Growth and Poverty Reduction

Essay by John Daly


Technological Innovation

What is the role of information and communication technologies (ICTs) in social and economic development and poverty reduction? That role is perhaps best understood within the context of the broader topic of technological innovation and diffusion and their social and economic impacts.1 Different forms of technological innovation and diffusion are likely to be highly correlated, affected by the same policies and institutions, synergistic in effect, and resulting in related distributions of benefits. Moreover, the broader studies of technology, such as those covered in the Knowledge Economy Topic page, throw light on ICTs.

The idea of technological systems was introduced by Thomas Hughes2 and others. Basically, technological changes come in clusters, each change synergistic with others. A famous example is that of the development of surgery. Before the discovery of the germ theory of disease and the development of antisepsis, the risk of infection was so high as to greatly limit the possibility of surgery; the later invention of antibiotics further reduced the threat of infections as complications of surgery. Similarly, prior to the development of anesthesia, surgery was limited by the extreme pain, shock, and the frequent deaths it caused; analgesics later helped management of pain during surgical recovery. With antisepsis and anesthesia in place, the medical sciences of anatomy, pathology, etc., could be brought to bear to suggest situations in which surgery could be useful, medical imaging could aid in surgical diagnosis, and the development of the entire suite of surgical tools and equipment could be undertaken. Thus an entire technological system has evolved over many decades, involving many sciences and technologies, to enable modern surgery.

The development of electricity illustrates a further technological element, that of the network. Edison, of course, not only invented the electric light, but also a system of generators, distribution, and lighting. Still, early electrification was based on stand-alone generators; later came the development of large-scale electrical networks linking many generators and electrical appliances. As electrical networks grew, so too did the electrical technological system, to include electrical machines, electric trolleys, electric refrigerators, and many other electrical appliances. The greatest economic impacts of the electrification revolution developed only in the second, networking epoch. And, indeed, it has been suggested that the course of the ICT revolution will be similar.3 (Communication networks exhibit unusual network economies, as there are positive returns to the growth of the network.)4
These ideas tie to the theme that the life of a technology will tend to follow an "S-shaped curve" (a form familiar from studies of the "diffusion of technology"). In the very early stages of development of a technology, growth will be relatively slow. As the technology becomes more familiar, and the benefits of its application more apparent, the growth will accelerate. Finally, as the technology becomes mature, and saturates the market for its application, the growth rate will slow again. Ultimately, most technologies are replaced, and follow the buggy whip and hand-copying of manuscripts into oblivion.

 

Technological Innovation in Multi-factorial Theories

In recent decades it has been recognized that technological improvements, driving increases in economic productivity, are important motors for long-term economic growth. Older theories of economic growth emphasized land, labor, and capital as the determinants of economic productivity, recognizing that capital could be in the form of human capital, improvements in the productivity of land (e.g., investments in irrigation or soil improvement), or in physical capital (e.g., factories, roads). In these models, one could increase incomes primarily by increasing capital per worker, or by increasing the proportion of the population that was working. More recently, though, some economists have stressed that better organization and better technology are responsible for a significant portion of the growth in productivity. Indeed, the technology-based increment in labor productivity growth (over that which could be expected from capital deepening), seen acting consistently over decades, may account for a large portion of the improvements in standards of living in rich nations.

"Total Factor Productivity" growth is a keystone for those economists studying the effect of technology on economic development. It is a measure of how the productivity of the use of the bundle of resources used in production – capital and labor – increases. Historically, the link between the growth in total factor productivity and technology has been intuitive. Switching from animal to mechanical power was necessary for the industrial revolution, as the introduction of electrical and internal combustion engines was obviously linked to the increase in productivity in the early 20th century. While reengineering and restructuring are required to effectively utilize the potential of a new technology, the technological innovations are often the most easily visible markers of the changes being made.

Technological determinism in development theory has been around at least since the 1949 presentation of President Truman’s Point Four policy; the phrase alludes to an idea that technology alone can serve as the motor of development. Technological determinism is just one of many single-factor theories of development, and has had little more success than the others5 -- it seems clear that many interacting factors affect the rate and course of social and economic development and poverty reduction. Economists have long identified the importance of good policies and institutions as well as human capital. More recently, a school of thought has stressed that "Culture Matters",6 focusing attention especially on cultural institutions.

 

Social and Economic Development and Poverty Reduction

The phrase used above, "social and economic development and poverty reduction," implies several things. One is that economic growth is one, but not the only, indicator of "development"; economic growth is perhaps more easily quantified, but "social development" seems at least equally important. It appears likely that development of ICTs will have at least as much potential effect on social conditions as on economic. That these effects on social development are not discussed here at the macro level should not be taken to imply that the ICT-related, large-scale changes in culture, political systems, communities, family, etc., are not important, but simply that the author is unable to address them.

Note also that there is interest in the reduction of both social and economic poverty. Certainly, lack of wealth and income has been the most common marker of poverty, but it is increasingly recognized that social aspects of poverty are crucially important. These include poor health and early mortality, many forms of physical disability, ignorance, lack of information, lack of voice, political powerlessness, and other forms of cultural deprivation. While there is widespread interest in ICTs to reduce economic poverty, ICTs also have great -- if difficult to quantify -- potential effects on reduction of social poverty.

 

The Solow Paradox and Developing Nations

"You can see the computer age everywhere these days, except in the productivity statistics." Robert Solow

I am (mis)using Solow’s comment to underline the point that a very small investment in ICTs should not be expected to produce a large social and economic impact. ICT investments have been increasing as a portion of GDP, as has the power obtained per unit investment. Computers are now visible, even in the productivity statistics of the ICT leader countries. However, poor countries are not only constrained to spend less on ICTs, as shown in the Figure7 they tend to spend a smaller portion of their GDPs on ICTs than do rich countries. The impact of ICTs in most poor nations might well be expected to be delayed and smaller than that in rich nations.
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The Figure indicates that the range of expenditures on ICT is quite large, and that some low and medium income countries are spending heavily on the technology. This of course may be an artifact of the data, but it suggests that countries are using quite varied ICT strategies. Will those spending heavily on ICT leapfrog ahead economically, or are they exceeding their absorptive capacity and overspending on the technology?

It may well be that we will do Solow one better, and see the non-use of ICT in the economic and productivity statistics of poor nations. If the non-using nations lose markets for their products to others who have more effectively utilized technology to increase productivity and competitiveness, the results may well exacerbate poverty.

 

Information and Communications Technology and Economic Growth

In leading countries, industries producing micro-chips, software, and computers have had high levels of total factor productivity, as compared with more traditional industries. Therefore, as investments have been made in this portion of the ICT industry, and it has grown to represent a larger portion of total manufacturing, one would have expected the average total factor productivity across manufacturing to increase, as it has in fact done.

The ICT technological revolution has also made possible high and improving Total Factor Productivity (TFP) in other ICT industries – both those running the ICT infrastructure and those producing other ICT goods and complementary ICT services. In those countries where that potential is realized, these other ICT industries will be also expected to attract capital and labor. The growth of these other ICT industries with relatively high TFP of course also raises the average TFP for the economy.

Moreover, the ICT revolution makes possible a more rapid increase in TFP in the rest of the economy, as the technology is put to work (via reengineering and restructuring of productive systems), improving efficiency in primary, and other manufacturing and service industries. This again, in propitious circumstances, is likely to encourage increased employment of capital and labor, and again to raise the average TFP for the entire economy.

If the circumstances are indeed propitious, and the improving TFP encourages more investment, one might expect to see more rapid capital deepening; the effect might well include human capital (and other forms such as "social" or "organizational" capital) as well as ICT capital. If you have an improving TFP and increased investment of capital and labor, there is economic growth. The process described also suggests a changing pattern of growth in the economy, with the relative growth enhanced of sectors that are most able to increase TFP utilizing ICTs, as compared with those less able to utilize the technology.

Some few developing nations have successfully built export-oriented ICT industries large enough to have significant macro-economic impacts. Costa Rica, for example, greatly stimulated its economy by attracting an Intel facility for the production of micro-chips. India is developing a software industry and exporting a significant portion of its product, and is, moreover, developing ICT-based service industries, such as that producing "back-office" services for foreign and international corporations.

 

Further Complexity: Input-Output Matrices and Geography

It is necessary to step back from the specific in order to holistically perceive the economic interplay between ICT and economic development; to distance oneself from the trees to perceive the forest. ICT innovations reverberate through society.8 Thus, ICT innovations have triggered complementary innovations from other technologies in many sectors. For example, microchips have been introduced into automobiles and other manufactured goods, potentiating mechanical other technological innovations in those goods, which together lead to still further technological innovations. Enterprises reengineer in order to more effectively utilize the potential of ICT innovations, leading to restructuring of markets and other institutions in which those enterprises function. The economic productivity gains from each sector also affect and reinforce gains in others. For example, ICT improvements have enhanced the efficiency of systems for the transportation of goods: more efficient communications and transportation, combined with ICT innovations have enhanced the efficiency of manufacturing enterprises, and on and on. In theory, Leontief, input-output models offer one way to calculate the ultimate effect of innovations through these reverberations.9 However, "open loop" estimations of the economic effects of ICT, made by summing estimated impacts sector by sector, are inadequate to capture the ultimate impacts of the technology.

While the "Death of Distance"10 has been proclaimed, so too has the importance of clusters for technological innovation, and especially for ICT innovation in Silicon Valley and Bangalore.11 Countries that have been especially successful in using ICTs for development, the so-called Asian and Celtic tigers, appear to have had geographical advantages. Regional markets are seen to enhance and be enhanced by the new information infrastructure. Globalization, also clearly enhanced by the information revolution, affects the economies of developing nations, as well as the spread of the "knowledge-based economy."12 In short, geography clearly matters in the distribution of the economic effects of the information revolution but that geography is not only physical but the geography of cyberspace. And no simple approach ignoring this complex geography will be likely to adequately illuminate the effect of ICT on development.

 

Incompetence, Malfeasance, Malevolence

In some countries, at some times the introduction of ICT may lead to reductions in economic growth. Thus, it seems likely that initial, exploratory investments in ICT may have low immediate economic yields. Sometimes you have to take a tactical step back in order to be able to make long-terms strategic gains.

It is also all too possible to make bad investments in ICT, and there are many examples where that has been done accidentally, through incompetence, and even as the result of malfeasance. I suspect that the fads related to the Internet, e-commerce, telemedicine, distance education, etc. have led to spending money on ICT that could have been better used for other purposes.

Even worse, ICT can be a powerful tool in the pursuit of bad as well as good ends. Corrupt and coercive regimes, uncaring and greedy businessmen, and others certainly can (and probably will) use the technology in ways that will exacerbate underdevelopment and poverty.
 

ICT and the Reduction of Economic Poverty

Whether economic growth results in the reduction of economic poverty depends on the evolution of the distribution of income and wealth. World Bank economists have documented a strong correlation between national economic growth and poverty reduction,8 but the data on which such calculations are based are typically from countries not much affected by the information revolution. On the other hand, the more wired countries have generally seen worsening distribution of income and wealth over the last decade or so.9
Poor countries, as mentioned above, not only invest less in ICTs than do rich countries, but they tend to invest a lower portion of their GDP in ICTs. If investments in ICTs are an effective way to increase average TFP, will the ICT revolution ultimately tend to exacerbate the productivity differences among nations? Would increasing differences in labor productivity be reflected in increasing differences in wages? Would increasing differences in returns to capital be reflected in increasing differences in wealth?

The comparative advantages of nations depend on the relative productivities in different economic sectors. The argument above has suggested that these sectoral productivities will change according to the degrees that different sectors are successful in harnessing ICTs to increase productivity. The more fully a nation accepts and adopts ICTs, the greater the expected effect on its pattern of sectoral productivity. Thus the pattern of comparative advantage among nations is likely to change as a result of the ICT revolution.

There seems to be an indication that international trade in ICTs and high technology products is increasing, as is trade in labor-intensive products. Some developing countries have taken the opportunity to develop ICT exports, but most have not. Moreover, such a pattern would appear to be consistent with a change in comparative advantage, in which rich countries were generally trading ICTs and high tech products to poor countries for labor intensive products. Are there impacts on the terms of trade? What is the effect on poverty?

 

ICT and Social Poverty - Micro Level

Let’s consider three areas of ICT for Development:

1. The ICT physical infrastructure, which I take to include telephone and computer infrastructure, radio and television infrastructure, and (if pushed) the print media infrastructure – including both the presses that publish newspapers, magazines, and books, and the physical infrastructure involved in their distribution. 

2. The ICT industries. There seems to be a focus in the development community on export-oriented ICT industries, such as the aforementioned software industry in India and chip-manufacturing industry in Costa Rica, and IT-enabled services, such as back-office services (accounting, credit card processing). There is an argument for export-led ICT industry development, but developing nations will also have to develop ICT industries for domestic use, including, in addition to those described, wholesale and retail distribution of ICT products, ICT maintenance, ICT consulting, Internet value added services, etc. 

3. Utilization of ICTs in all the other productive sectors of the society. These include the often cited telemedicine, distance education, e-commerce and e-government, but also applications of telephones, mass media, and computers to business and government that have long been common in developed nations, but are still uncommon in developing nations.

Development for each of these three areas requires development in the others as well. Thus, without ICT industries and utilization of ICTs in the productive sector, there will be little incentive to develop the physical infrastructure. Similarly, without the infrastructure, there would be little opportunity to develop ICT industries or applications. All three areas should develop in parallel, creating a virtuous ICT for Development cycle.

As mentioned above, poverty is best seen not simply as the immediate lack of money. People are also impoverished by ill health and denied knowledge, by hunger, by failures in the systems through which other basic human needs are met, and indeed by the lack of an effective voice in their own and their communities' affairs. When people, having left their families for economic opportunities, can no longer communicate with loved ones, when they are lonely and lacking support, then they are the poorer for it. Money solves some of these problems, but not all.

Rolling out the ICT infrastructure is important, but so too is how it is done. Getting ICTs to the poor involves shared connectivity. Service providers naturally seem to prefer to roll out first to the highest return-to-cost ratio customers, who tend to be urban and rich; providers need regulatory requirements or incentives to extend their services to the rural and poor. If the rollout is done only to the elites in a poor country, it seems unlikely that the poor will have much direct benefit from access to the infrastructure.

It seems obvious that poor people do benefit from ICTs when they do have access. Many (most?) poor people like radio and TV and spend time with them whenever they have access to programming that they like -- and there are examples that not only entertain poor people but inform them in socially and economically valuable ways. People who use telephones sparingly probably get more benefit per use than we expect – saving on travel costs, and getting crucial information in important and emergency situations. However, I suspect there are big traps for those who assume that poor people in poor countries will benefit from Internet access in ways similar to the ways rich people in rich countries do; basing economic calculations on culturally biased assumptions is always dangerous.

Building ICT industries is also important, but so too is the way in which they are built. The emphasis on building export-oriented hardware and software industries is no doubt important, but such industries will provide little direct employment or direct service to the poor. On the other hand, there are a lot of ICT enterprises that can be developed that would provide services and even employment to the poor. Community radio strikes me as a good example of such an industry -- one that deserves to grow rapidly in poor countries. The GrameenPhone approach -- in which poor people are provided with micro-credit to allow them to acquire cell phones, and are offered fee-for-service telephone in poor neighborhoods and villages -- seems another great idea that could work in other poor countries.

Developing applications of ICTs appropriate to the poor and poverty reduction is also important. Appropriate ICTs can help make small and medium enterprises more productive, thus ultimately helping create jobs and provide services benefiting the poor. E-government applications can help the poor to access government services, to spend less time satisfying government demands, to influence government, and indeed to reduce the dead weight of so many governments on their necks. It is especially important to utilize ICTs to improve health and education services for the poor, including but not only through telemedicine and distance education.

Again, applying ICT to meeting social service needs must be done in a pro-poor policy environment to really benefit the poor. There will inevitably be limited resources available to utilize ICTs to accomplish new purposes, and there will inevitably be competition among the potential beneficiaries of those innovations for the allocation of those resources. ICTs can be used to improve hospital services limited only to the rich, or primary health care services benefiting many poor people; they can be used to improve elite education services disproportionately benefiting the rich, or to improve primary education and skills training programs primarily benefiting the poor. If the rich and powerful always succeed in assuring that all the innovations answer their needs, the poor will not benefit much from these indirect applications of ICTs.

Of course, in order for ICTs to be useful in improving performance of those sectors employing or giving services to the poor, the ICT infrastructure must be extended to reach the appropriate (public and/or private) enterprises. Moreover, the ICT industries needed to serve those enterprises (including software and hardware distribution and sales, ICT training, maintenance, application service providers, etc.) must also be in place. It may well be the case that the rollout of the infrastructure and industry to serve these intermediaries will be more important in alleviating poverty than direct rollout of services to the poor themselves.

 

Conclusion

I conclude that in order for the poor to fully benefit from the Information Revolution, there must be simultaneous efforts to get the conditions right for national economic growth, for stimulating complementary technological innovation, for rolling out the infrastructure, for building appropriate ICT industries, and for utilizing ICTs in many sectors of the economy. Not only is it important for there to be pro-growth policies and institutions in place for the ICT revolution to be translated into economic growth and rollout of infrastructure and services, but it is also important that there be pro-poor policies and institutions in place to assure that the progress and its benefits are shared by the poor. Empowerment of poor people with access to ICT is important, but indirect efforts to utilize the technology for development and poverty reduction may be even more so.
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