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ABSTRACT

T he worldwide development of information and communication technology (ICT) has
accelerated dramatically over the past decade. Increased ICT production and use has the

potential to influence economic growth positively. This paper focuses on the linkage between
ICT and output growth and summarizes the findings in the literature on the contribution of
ICT to economic growth arising from capital deepening and increases in total factor productiv-
ity. It looks at the methodologies used to assess the magnitude of the different channels through
which ICT influences productivity growth, summarizes the key factors that increase and obstruct
ICT expansion, and outlines the challenges developing countries face in maximizing ICT’s
contribution to growth. Strengthening institutions to create an environment that attracts ICT
investment and promotes ICT use; exploiting network and spillover effects by creating domestic
demand; and promoting “adaptation close to use” to match local capacity and local needs have
been identified as policies to surmount these challenges.
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T
he worldwide development of information and communication technology (ICT)1 has
accelerated dramatically over the past decade, spurred by an increasingly global economy.
Technological advances and increased competition have led to falling prices for ICT goods

and services, and that has provided a strong incentive to replace other forms of capital and labor
with information technology equipment (Jorgenson 2001). The revolution in ICT sectors coupled
with a loosening of trade restrictions has encouraged the growth and expansion of ICT. Conse-
quently, investment in ICTs has grown substantially in both developed and developing countries.
In fact, expenditures rose twice as fast in developing countries from 1993 to 2001 compared to the
OECD average.2

Increased ICT production and use has contributed significantly to economic growth. Based on
the increase in ICT investment in industrial countries between 1995 to 2000, Haacker and
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1. ICT, as defined in the Information & Communication Technology Sector Strategy Paper of the
World Bank Group (April 2002, http://info.worldbank.org/ict/ICT_ssp.html), consists of hardware, 
software, networks, and media for collection, storage, processing, transmission, and presentation of information
(voice, data, text, images).

ICT-producing sectors are defined by OECD as a combination of manufacturing and services industries
that capture, transmit and display data and information electronically. Manufacturing includes office,
accounting and computing machinery; insulated wire and cable; electronic valves and tubes and other elec-
tronic components; television and radio transmitters and apparatus for line telephony and line telegraphy;
television and radio receivers, sound or video recording or reproducing apparatus and associated goods;
instruments and appliances for measuring, checking, testing, navigating and other purposes, except indus-
trial process equipment; and industrial process equipment.

Services include wholesaling of computers, computer peripheral equipment and software; wholesale of
electronic and telecommunication parts and equipment; renting of office machinery and equipment (including
computers); telecommunications; computer and related activities (OECD 2002a).

ICT-using sectors are defined in this paper as sectors that use ICT products in their business.
2. The cumulative annual growth rate of ICT expenditures in developing countries was 12 percent during

this period and 6 percent in developed countries.



Morsink (2002) estimate an average increase in growth of total factor productivity (TFP) of about
one-third of a percentage point per year. However, there are significant variations. In the United
States, which experienced a higher-than-average increase in ICT expenditures during this period,
the increase in TFP growth is projected at about one-half of a percentage point per year. Though
the United States is the most striking example, other countries are enjoying the benefits of ICT
capital investment on economic growth. The evidence suggests that ICT production and diffusion
can generate significant returns in both industrial and developing countries. For example,
Malaysia’s return on ICT capital (44.8 percent) is about three times higher than that for non-ICT
capital (15.4 percent), point out Lee and Khatri (2003).

The increased production of ICTs contributes to output, employment,3 and export earnings,
while ICT use increases productivity, competitiveness, and growth. ICT has the potential to make
governments more efficient, more inclined to share information, more transparent and accountable
(Joseph 2002).4 Governments can also use ICT to connect isolated rural communities with urban
centers as well as offer the poor economic opportunities.

The focus of this paper is the impact of ICT on economic growth due to capital deepening and
increases in total factor productivity (TFP).5 Chapter 2 outlines the methodologies used to evalu-
ate the different ways ICT influences productivity growth. Chapter 3 illustrates the magnitude of
ICT’s contribution to growth in various countries and the distribution of benefits that follows
between and within countries. Chapter 4 summarizes the key factors that increase and obstruct
ICT expansion, and defines the challenges developing countries face in maximizing ICT’s contri-
bution to growth. Chapter 5 concludes with policy implications for developing countries.

2 WORLD BANK WORKING PAPER

3. In 2000, the White House estimated that more than 13 million Americans held ICT-related jobs
and the rate of growth in this sector was six-times as fast as overall job growth (World Bank 2002). In the
same year, India’s software industry alone employed 400,000 people and produced $8 billion in sales
(Economist 11/10/01).

4. An example is GovernmentNet, Brazil’s government portal, which provides more than 4,800 types of
information and 800 services, including income tax declaration, registration of government suppliers, primary
and secondary school enrolment and information on social security benefits (http://www.redegoverno.gov.br).
Singapore estimates that the use of ICT by government services has yielded a return of $2.70 for each dollar
invested (Based on UNESCAP 1999 and Chapter 3 referenced by World Bank (2002)).

5. Output growth stemming from an expansion of the labor force is not discussed in this paper.



Research Methodologies in the Literature
Researchers employ a variety of methodologies to assess the contribution of ICT to economic
growth. The most common are (i) growth accounting, (ii) sectoral contribution analysis to pro-
ductivity growth within an economy, and (iii) cross-country regression analysis.

Growth Accounting
Growth accounting measures increase in factors of production, that is, stocks of physical capital,
human capital and “raw” labor. Physical capital is defined as the number of non-human assets
(such as factories or roads) measured by their constant dollar value. Human capital is usually mea-
sured by the average years of schooling, and “raw” labor is the number of people of working age.
Increases in physical and human capital and labor will yield an expected increase in productivity.
TFP growth is then defined as the actual output growth minus the growth rates of capital and labor
stocks, weighted by their contribution to output. It represents a measure of the efficiency with which
capital and labor are combined to produce output.

Analysis of Sectoral Contribution
Sectoral contribution analysis focuses on the primary sectors that produce and use ICT. This
type of analysis explores the contributions of individual economic sectors to economic growth.
In this analysis, employment levels, capital allocation, and overall contribution to gross domestic
product (GDP) are taken into account. This type of analysis helps explain why some important
ICT-producers, like Japan, experience much slower economic growth from ICT use compared
to some insignificant ICT-producers, like Australia. It also explores the extent a domestic 
ICT-producing sector facilitates the spread ICT within a country and/or among its neighbors.

Regression Analysis
Regression analysis is used to determine the interdependency of ICT variables on economic
growth. Correlation of ICT-related factors—such as expenditure on ICT and level of education—
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with growth of TFP offers insights into the variables that determine growth and those that 
do not. For example, Haacker and Morsink (2002) use cross-section and panel regressions to
understand variation in growth of TFP and ICT-related activities in different countries. Once the
key variables are identified, government leaders can take them into account to make pro-growth
policy decisions.

Channels of ICT’s Contribution to Economic Growth 
There are three channels through which ICT can influence economic growth (see Figure 1):

1. TFP growth in sectors producing ICT
2. Capital deepening
3. TFP growth through reorganization and ICT usage.

The ICT revolution partly consists of high TFP growth in industries producing ICT, driven by
rapid technological progress. The main characteristic of this revolution is the rapidly increasing
computing power of new ICT products. In particular, memory chips, which as long as “Moore’s
Law” holds, double their computing power every 18 months. Such performance increases are
equivalent to rapid TFP growth in ICT-producing sectors, which in turn raise the average TFP
growth of the economy.6

The second channel where ICT can influence productivity is when higher levels of financial
investment in ICT bring about new products and falling prices (Figure 2). This may lead to an
increase in the real capital stock per worker—that is, ICT-related capital deepening across the
economy (implying a lowering of the marginal cost of capital). To the extent that ICT is a sub-
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6. It is important to note that only the difference in the growth of TFP between ICT-producing sectors
and non-ICT producing sectors would be attributed to ICT. If the ICT sector did not exist (and therefore all
ICT products would be imported), the production factors used in this sector would otherwise be used else-
where, and be subject to the rate of productivity growth for non-ICT producing sectors.
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FIGURE 1: CHANNELS OF CONTRIBUTION TO GROWTH BY ICT



stitute for other forms of capital (and labor), it frees productive resources to expand the overall
output of the economy; to the extent that it is a complement, it raises the productivity of the
existing capital stock and of labor.

The third channel is more difficult to characterize, yet it may have the most profound long-term
effects. Advances in ICT have the potential to significantly reorganize how goods and services are
created and distributed. ICT applications can create new markets, new products8 and new ways of
organizing how society operates—in much the same way the electric motor, the telephone and the
computer chip have done previously. One must look at how these technological advancements
affect the entire economy rather than just focus on the benefits of improving technology in one
ICT-producing sector. Such dramatic technological changes across the entire economy9 naturally
affect TFP growth and demonstrate ICT’s potential to stimulate productivity. Much has been
written about the multitude of ways ICT can reduce administrative procedures, disseminate
information cheaply and efficiently, and trigger new business models that are more productive
than existing models. While these predictions may be exaggerated, sectors such as retail, financial
services, and transportation are benefiting from ICT utilization.10
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7. This figures shows real growth of spending on ICT, using BEA hedonic unit prices that capture both
price and quality changes.

8. There is the so-called “incorporation of ICT in products”, i.e. ICT is embedded in products and improves
their quality and performance. One example is cars that have better performance with internal computers and
electronics. 

9. In fact, in the late 1990s, the concept of “new economy” has been used widely to mark the association
of non-inflationary growth with high investment in ICT and a restructuring of the economy. Characteristics of
the “new economy” include higher TFP growth due to more efficient business practices linked to the use of
ICT; and increasing returns to scale, network effects and externalities from the use of ICT in parts of the
economy (OECD 2000).

10. For instance, a recent study on the transport industry in Poland showed that the market share of
transport companies using sophisticated software increased from 45 percent in 2000 to 60 percent in 2001
(Piatkowski 2002).
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Source: WITSA for ICT spending data; US Bureau of Economic Analysis (BEA) for investment price deflators of
computers and peripheral equipment, communication equipment, and software.





Magnitude of the Three Channels
The existing literature has established that ICT is contributing to labor productivity through both
increases in the levels of ICT capital, and TFP growth in sectors producing ICT (see Table 1). The
precise magnitudes of these contributions, however, remain a subject of debate. Results based on
the standard growth accounting decomposition show that the contributions to economic growth
through these two channels increased during the 1990s in developed countries and in East Asia’s
emerging markets (see Figure 3).

However, no consensus exists on ICT’s effect on generalized TFP11 growth through growth
accounting exercises and using the sectoral approach. Evidence from cross-country regression
analysis that examines the relationship between TFP growth and ICT production and use is equally
ambiguous, with estimated coefficients and standard errors being sensitive to specification, time
period, and set of countries included in the regression (IMF 2001).

Cross-Country Evidence
Various results reached by different countries and regions fuel the debate over exactly how much
influence ICT has on economic growth.

The US, for example, has enjoyed markedly better results from investment in ICT than most
other countries. Jorgenson (2001) found capital inputs to primarily drive US economic growth
during the post-WWII period. Since 1995, capital inputs have raised output growth by nearly a full
percentage point—ICT accounts for more than half of that increase (Jorgenson 2001). Computers
are largely responsible for this increased growth. But communications equipment and software
have also contributed significantly. In contrast to the contribution of ICT capital deepening to

CHAPTER 3

THE CONTRIBUTION OF

ICT TO ECONOMIC GROWTH
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11. The debate focuses on whether the remainder of the acceleration reflects cyclical factors or structural
acceleration. It may be partially due to possible lags between ICT adoption and economy-wide productivity
growth.



economic growth in the US, evidence supporting TFP growth due to ICT is more opaque, partic-
ularly for ICT utilization, the third channel. The evidence suggests that production of ICT
increases total US growth of TFP by about one-quarter of a percentage point per year.12 Oliner
and Sichel (2000) estimate that the combined TFP effect from ICT utilization and computer pro-
duction accounts for about two-thirds of the one percentage point increase in productivity growth
in the United States between the first and second halves of the 1990s.

In Europe, ICT’s contribution to growth has been more sporadic. Daveri (2002 and 2003)
concludes that between 1995 and 2000, growth contributions from ICT capital rose in 10 out of
14 EU countries. In only six of the 14 countries, however, was an increase of ICT-related capital
deepening associated with higher aggregate TFP or growth in labor productivity (see Table 2). For
instance, despite ICT expenditures nearly comparable to the United States, the United Kingdom

8 WORLD BANK WORKING PAPER

TABLE 1: CONTRIBUTION OF ICT CAPITAL DEEPENING AND ICT PRODUCTION SECTOR TO

LABOR PRODUCTIVITY IN SELECTED COUNTRIES (1995–2000)

ICT-Related Contribution of Total Labor 

Capital ICT Production Total TFP Productivity 

Deepening to TFP Growth Growth

Developed Countries 1/

Austria 0.37 0.10 1.63 3.06

Denmark 0.41 0.06 0.72 1.84

Finland 0.33 0.17 3.18 3.29

France 0.32 0.22 0.70 1.35

Germany 0.37 0.16 0.91 1.76

Ireland 0.68 3.02 4.27 5.88

Italy 0.38 0.15 0.25 1.13

Netherlands 0.55 0.10 0.21 0.41

Portugal 0.30 0.03 0.92 2.49

Spain 0.17 0.12 −0.14 0.22

Sweden 0.50 0.09 0.96 1.96

UK 0.65 0.32 0.49 1.76

USA 0.75 0.43 1.21 2.21

Developing Countries 2/

China 0.27 n/a 3.76 7.41

Hong Kong, SAR 1.17 0.41 −2.36 −0.49

India 0.11 0.05 2.15 5.82

Indonesia 0.19 0.63 −4.30 −0.69

Malaysia 0.57 3.47 −1.12 1.78

Philippines 0.31 0.65 1.11 2.12

Singapore 1.36 7.04 −0.28 2.68

South Korea 1.10 0.66 3.00 5.21

Taiwan, Province of China 0.58 1.90 2.29 5.04

Thailand 0.23 1.90 −0.83 1.21

1/ 1995–2000 data.
2/ 1995–1999 data.

Source: Based on findings from Van Ark et al. (2003) and Lee and Khatri (2003).

12. The average calculated from Van Ark et al. (2003), Gordon (2003), US CEA (2001), Jorgenson and
Stiroh (2000), Oliner and Sichel (2000), and Lee and Khatri (2003) is 0.28 percentage point.



13. The data are simple averages of some EU countries (Austria, Denmark, Finland, France, Germany,
Italy, Netherlands, Portugal, Spain, Sweden and UK) and of Asian newly Industrialized Economies (NIEs:
Hong Kong SAR, Korea, Singapore and Taiwan Province of China).

14. Study by Japan Economic Planning Agency (2000).
15. Controlling for the economic status of Asian countries, as measured by GDP per capita, Wong found

that the region had lower than expected ICT adoption levels.
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Source: Based on findings from Van Ark et al. (2003) and Lee and Khatri (2003).

has not achieved similar TFP growth. One possible explanation is that TFP growth attributed to
increased ICT capital deepening is offset by TFP decreases in other sectors. Unlike other EU mem-
bers, Belgium, Germany, Netherlands, and Spain have experienced stagnating or mildly declining
growth in contributions from ICT capital, on top of declining TFP growth during the same period.

In East Asia, the ICT sector is growing in importance, particularly in production. Today, 
28 percent of the region’s manufacturing exports are ICT goods (Kenny 2003). ICT production
has contributed significantly to GDP growth in the region. In Japan, the contribution of ICT-related
capital deepening to growth increased by about one-half to three-quarters of a percentage point
between the early and late 1990s.14 However, high levels of ICT production have not resulted in
increased use of the technology. Wong (2001) observes that while the Asia region has captured a
disproportionately high share of global ICT production, it trails other regions in ICT adoption.15

Furthermore, within the region, the divide is expanding between more advanced countries such as
Japan and the Asian NIEs and other developing Asian countries (see Table 3). The region’s frag-
mentation into a large number of relatively small markets, divided by language, culture, technical
standards, weak legal institutions, and mistrust for e-commerce transactions inhibits regional diffu-
sion of ICT and internet-based applications.
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TABLE 2: CHANGE IN GROWTH CONTRIBUTION OF ICT PERCENTAGE POINT, 
1996–1999 VERSUS 1991–1995

Change in Growth Contribution of Change in Aggregate

Country ICT Capital Deepening TFP Growth

Austria 0.04 2.46

Belgium −0.07 −0.49

Denmark 0.14 −2.37

Finland 0.32 1.13

France 2/ 0.08 0.41

Greece 0.21 1.86

Germany 1/, 2/ 0.00 −0.59

Ireland 0.35 0.46

Italy 2/ 0.06 −1.50

Netherlands −0.08 −0.94

Portugal 0.07 1.11

Spain −0.18 −0.90

Sweden 0.33 −0.41

UK 2/ 0.25 −1.04

1/ 1992–1995.
2/ 1995–2000.

Source: Daveri (2002 and 2003)

TABLE 3: THE WIDENING DIGITAL DIVIDE IN ASIA

(Per 1,000 inhabitants)

Fixed+Cellular Phones Personal Computers

1995 2001 1995 2001

Asia NIEs + Japan 1/ 547 1,207 118 385

Other Asia 2/ 37 130 8 21

Other Asia in percent of Asian NIEs + Japan 6.8% 10.8% 6.8% 5.5%

Internet Hosts ICT Per Capita 3/

1995 2001 1995 2001

Asia NIEs + Japan 1/ 2 48 6,482 8,955

Other Asia 2/ 0.03 0.49 363 448

Other Asia in percent of Asian NIEs + Japan 1.5% 1.0% 5.6% 5.0%

1/ Asian NIEs are Hong Kong, South Korea, Singapore and Taiwan.
2/ Other Asia is Indonesia, Malaysia, Philippines, Thailand, and Vietnam.
3/ In US dollars per inhabitant.

Source: WITSA for ICT per Capita and ITU for all other.



In some regions, there are few cross-country findings on ICT’s contribution to economic
growth. In regions such as South Asia,16 the Middle East, and Africa there is no data available for
growth accounting analysis. In Latin America and in Central and Eastern Europe,17 ICT invest-
ment levels are too small to measure their impact on economic growth, according to Piatkowski
(2002). This is an area for future study.

Distribution of the Benefits
While data shows that ICT’s contribution has varied across regions, it is also useful to examine the
impact of ICT on specific groups within the ICT production and utilization chain. In principle, the
benefits of a technology could accrue to owners (in the form of higher profits), users (through lower
prices), or labor (through higher wages) (IMF 2001).  Other benefits occur between innovators and
adapters or—within countries—between groups of people.

Who actually benefits most from the ICT revolution?

ICT Producers vs. ICT Consumers
The exceptional economic success of some major ICT producers, including East Asia and Ireland,
during the last decade has generated interest in ICT production as a potential vehicle for greater
prosperity and economic development. These countries have apparently benefited from continuous
technological improvement.

The plummeting prices of ICT goods—that is, deteriorating terms of trade for producers—in
recent years, however, have led some to conclude that welfare gains are primarily reaped by users of
ICT.18 Bayoumi and Haaker (2001) claim that the ICT industry is subject to perfect competition and
therefore, no excess profits can be made that would generate significant economic benefits for pro-
ducers.19 As a result, they conclude that welfare gains are significantly higher for the consumer coun-
tries than for those that produce ICT (see Table 4).

Countries that produce ICT may face another challenge created by policies that over-emphasize
ICT production. East Asia is a good example. Through targeted governmental policies East Asia
successfully produces and exports ICT. But as previously noted, the region lags behind in ICT use.
The region’s preoccupation with promoting ICT production has resulted in a minimal allocation
of resources to promote its use—the assumption appears to have been that ICT production would
automatically lead to widespread use of it, but it has not. India, for example, is a large exporter
of software-related goods and services, but its over-emphasis on IT production has not led to a
large-scale increase in domestic ICT use. Also, India’s focus over the last decade on an export-led
development strategy that capitalized on its comparative advantage in the software sector has
crowded out, at least in the short-run, other industries competing for highly-skilled labor and
capital resources (Joseph 2002). As a result, India’s net export earnings from ICT were less impres-
sive than gross earnings suggest because other industries failed to develop at the same rate as ICT.
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16. India is an exception due to its successful software export industry.
17. ICT and R&D expenditure levels are quite low in the transition economies of Central and Eastern

Europe. Consequently, ICT expansion has been minimal thus far, but the impending membership of several
of these countries to the European Union coupled with increasing FDI flows are positioning the more afflu-
ent transition economies for greater ICT diffusion in the near future (Piatkowski 2002).

18. On the production side, technological improvements incorporated in the drop in relative prices of IT
goods raise productivity growth, most notably in Singapore and Malaysia. However, because most of these
goods are exported to the rest of the world, and hence exchanged for non-ICT goods, which are becoming
relatively more expensive, the benefits to real domestic demand are significantly smaller. Conversely, countries
that import ICT goods from abroad gain from falling prices and continuing improvements in trade terms
(IMF 2001).

19. This is not to deny that in some ICT markets, notably where strong externalities exist, competition is
imperfect, and individual companies can obtain a monopolistic market position. 



In such countries, governments should develop a more balanced economic growth strategy that
takes into account the complementary role of the domestic market for ICT. This could lead to
greater innovation and economic growth.

ICT Innovators vs. ICT Adaptors: Late-comer Advantages and Disadvantages
Although developing countries currently lag behind developed countries in adopting ICT, low
opportunity costs for switching from old to new ICT technology may enable developing countries to
learn from the experiences of advanced economies from the outset and adopt more efficiently tech-
nologies through leapfrogging (Piatkowski 2002 and Wong 2002). An example is the penetration of
cellular phones, which has surpassed fixed lines in a number of developing countries (see Figure 4).

However, despite the potential advantages of being a late-comer, some ICTs are not amenable to
leapfrogging but require instead a stock of existing ICT capital. The internet, for instance, cannot be
utilized without a computer and data communication access. Also, there are likely network effects in
the application of ICT at least in some areas, which may create an effective barrier to widespread ICT
leapfrogging below a certain threshold level. The requirements for technology adoption in terms of
human capital also vary across the new technologies, which allows relatively easy leapfrogging in
some areas, such as mobile telephony, while other technologies, such as effective use of certain
software applications, require higher levels of human capital.

Skilled vs. Unskilled Workers
Evidence from several countries suggests that the ICT revolution is skill-biased and increases
demand for high-skilled relative to low-skilled workers creating a significant disparity in wages.
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20. Social saving is defined as the accumulated welfare benefits of the decline in prices of ICT goods, i.e. a
generalization of consumer surplus used to describe the welfare benefits achieved for past technological innova-
tions. Consumer surplus is calculated in this case for the year 1999 from the fall in prices between 1992 and 1999. 

TABLE 4: RELATIVE PRICE CHANGE AND SOCIAL SAVINGS IN SELECTED COUNTRIES20

Relative Price of 

ICT Goods Social Savings ICT Production

Percentage Change in Percentage Average Share of

Change Points of GDP GDP

1992–1999 1992–2001 1996–2000

Producers

Ireland −55 2.7 11.5

Malaysia −46 2.5 21.3

Singapore −54 4.0 34.4

Taiwan −47 1.9 7.4

Thailand −50 1.4 6.2

Average 2.5 16.2

Consumers

Australia −49 3.6 0.2

Switzerland −50 3.1 0.5

United Kingdom −55 3.5 1.8

United States −58 4.1 1.7

Average 3.6 1.7

Source: Bayoumi and Haaker (2001).



Higher-skilled workers are more likely to be hired21 than low-skilled workers and that skews the
pay differential between educated and less-educated colleagues. For example, in northern Ghana,
locals trained in computer skills and management can earn $6,000 per year while the average gross
national product (GNP) per capita in Ghana is $390 (Kenny 2003).

In developing countries, the majority of ICT users are from the most educated sector of the
population. This means they reap the benefits and economic opportunities while the uneducated
are excluded. In Ethiopia, for instance, 98 percent of internet users had a university degree in 1998
(CABECA 1998). However, the skills required for using ICT are gradually diminishing, as more
people become familiar with them. For instance, in the service sector, using computers often
involves simple, repetitive tasks that are easy to learn. Over the long-term, as some ICT applica-
tions become more user-friendly, it is likely to increase the value of less-skilled workers and reduce
the skill bias (IMF 2001).
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21. Jorgenson (2001) points out that high-skilled workers are likely complementary to ICT, while
low-skilled workers are substitutable.





S
ome countries, population groups, and certain industries evidently have so far benefited more
than others from the ICT revolution. What are the reasons behind this? What are the factors
that account for variations in ICT’s contribution to economic growth?

It is not surprising that the same countries that lag in ICT adoption also lag generally in
economic development. The factors that promote overall economic development are the same
factors that enable a country, a population group or an industry to successfully harness ICT’s
benefits.

ICT capital deepening, as noted earlier, has been a driving force for economic growth. In
comparison to developed countries, developing countries are financially constrained and there-
fore, ICT investment is relatively limited. ICT spending in developing countries rose twice as fast
as the OECD average (see Figure 5). However, developing countries continue to lag significantly
behind developed countries in terms of ICT expenditure as a percentage of GDP. In 2002, this
ratio was about 10 percent in the ten countries with the highest ICT expenditure-to-GDP ratio,22

8 percent among the four Asian NIEs, and only 3.8 percent in India and Russia (World Economic
Forum 2003).

In absolute terms, the disparity between developing and developed countries is far worse. On
average, the United States spends $3,500 per person per year on ICT. In comparison, China spends
$50 and Bangladesh only spends $1 per person on ICT (Pitt and Qiang 2003). Piatkowski (2002)
suggests that relatively small ICT investments are one reason for the apparent lack of economic
benefits from ICT diffusion experienced in the transition economies of Central Asia. 

Moreover, countries vary in their ability to achieve low ICT investment costs and high returns.
The growth of TFP accelerated more in higher- income countries, which suggests that they are
better equipped to realize the gains that come from using ICT. 
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22. These “top ten” countries are Australia, Colombia, Czech Republic, Denmark, Netherlands, New
Zealand, Singapore, Sweden, Switzerland, and United Kingdom.



Investment, however low, that generates limited returns in developing countries could be due
to three factors:

1. There may be both high investment and operational costs due to a lack of adequate institu-
tions, including the ICT regulatory framework and legal environment;

2. Human capital may be low, making it harder to adopt, understand and apply ICT;
3. There may be a threshold level associated with network effects that prevents high returns

before a critical mass of ICT investment and usage is reached.

High Investment and Operation Costs
Production of some ICT services and efficient ICT use rely heavily on a dependable infrastructural
framework. However, most developing countries do not possess an adequate information and
communications infrastructure (see Table 5) and consequently, service is limited and expensive.
Promoting competition in the telecommunications sector can cause ICT prices to drop and usage
to increase. Regulatory reform in the telecommunications sector can play an important role in
promoting competition and in encouraging ICT investment.

However, an adequate communication infrastructure is only part of the challenge. The high
costs associated with building a network, as well as the market structure and the regulatory
framework in its operation must also be taken into account. Each factor alone could make access
to a reliable communication infrastructure expensive for ICT end users. High costs inevitably
will limit ICT use and expansion. Many observers identify high user cost as a major impediment
to the diffusion of internet services in developing countries. Onyeiwu (2002) maintains that,
given extremely low levels of per capita income in African countries, the prices of connectivity,
hardware, and of software are so prohibitive that only affluent urban dwellers can afford to pay
for internet access. 

Aside from the regulatory and market structure in the telecommunications sector, openness to
trade, the flexibility of product and labor markets, and the business environment more generally,
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FIGURE 5: TEN COUNTRIES WITH THE HIGHEST GROWTH RATE OF ICT SPENDING,
1993–2001
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23. An example of the importance of English in internet usage is Slovenia, where 75 percent of people
who considered themselves fluent in English used the internet versus only 1 percent of non-English speakers. 

24. http://www.glreach.com/globstats/index.php3
25. Service sub-sectors that are more information-intensive and therefore have a greater potential for ICT

use, such as finance and business services, constitute a larger share of the economy in developed countries.
Moreover, the service sector has lagged behind manufacturing in productivity growth, so services companies
in advanced economies where labor is expensive have strong incentives to substitute ICT for labor in the
expectation of increased productivity (Kraemer, Dedrick and Shih 2000). The industrial structure of develop-
ing countries—with abundant labor—limits investment opportunities compared to developed countries with
high-tech industries.
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are also likely factors behind differences in the uptake and diffusion of new technologies between
countries. (OECD 2000, 2001)

Low Human Capital
The use of ICT depends also on a solid pool of skilled workers. Several studies demonstrate that
variations in the rate of returns from ICT production and use between countries are related to
levels of human development (Hargittai 1999, Joseph 2002, Rodriguez and Wilson 2000). A well-
educated population is far more likely to capitalize on the productivity gains from ICT. Education
in general, and the ability to read and speak English in particular, play a critical role in ICT adop-
tion and application.23 In 2002, about two-thirds of all web sites were in English.24

ICTs, such as the internet were designed with the capital/labor endowments and the economic
structure25 of developed countries in mind. Therefore, introducing ICTs into developing countries
with a lower capital-labor ratio results in relatively high adjustment costs. These costs initially

TABLE 5: INFORMATION AND COMMUNICATIONS INFRASTRUCTURE, 1995–2001 
(Per 1,000 inhabitants)

Personal Computers Internet Users Telephone Mainlines Mobile Phones

Country Groups 1995 2001 1995 2001 1990 2001 1995 2001

Income Breakdown

High-income OECD 188 363 34 360 455 574 89 690

Developing countries 14 34 2 37 52 104 4 94

Least developed — 4 — 3 3 7 0 8

Regional Breakdown

Northern America 273 623 68 467 555 660 108 382

Western Europe 174 325 30 345 445 572 84 747

East Asia and Pacific 82 158 14 177 148 222 36 278

Eastern Europe & 
Central Asia 26 81 5 65 130 232 4 199

Middle East and 
North Africa 28 62 1 61 89 147 16 163

Latin America and 
the Caribbean 17 49 1 63 66 145 9 142

Sub-Saharan Africa — 12 — 9 9 19 1 30

South Asia 0 4 0 4 5 20 1 9

Notes: .. = Data not available, 0 = less than half the unit shown, and the classifications are based on the definitions
in the World Bank’s Development Indicators Database. All countries with a population below one million are
excluded. The group average was calculated when data for at least half the countries was available.

Source: Based on ITU (2002) created by Pohjola, Matti (2003).
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adversely effect productivity growth until the new technology is absorbed into the economy 
(Daveri 2002). This barrier may be formidable enough to deter ICT diffusion even if the long-term
benefits outweigh the short-term costs.

Unfortunately, the amount of resources allocated to education and R&D (see Box 1) in devel-
oping countries is insufficient to create the levels of human capital ICT requires. In developing
countries, discretionary expenditure for secondary schools is as low as $12 per person per year yet
the cost to introduce computers in the classroom is estimated to be $100 per student (Kenny 2003).
Reform in this area, while benefiting economic development in general, is particularly important
for the production and use of ICT. However, it is unlikely resources would go to ICT when there
is barely enough money for universal primary schooling. Therefore, competing demands on scarce
resources need to be carefully assessed.

In addition to insufficient educational and R&D expenditures, developing countries also
suffer from the flight of their relatively scarce well-educated, highly-skilled workers to advanced
economies. Over the past two decades, only 90,000 of the 260,000 students—or little more than
one-third—sponsored by the Chinese government to study abroad returned to China, observed
Meng and Li (2001). Brain-drain does result in foreign workers sending home roughly $75 billion
in remittances per year (Castles 2000), but the loss of expertise and potential entrepreneurs has
long-term negative effects on economic growth far greater than the gains from remittances—even
if you factor in the wealth of experience returning students bring to their home countries. With the
recent liberalization of visa regulations in both North America and Europe for ICT migrants due
to increasing demand for skilled ICT workers, the brain drain is likely to continue.

Lack of Network Effects
The feature of strong network effects in the application of ICT may also partly explain the dis-
parity in investment returns from ICT. Once a critical mass of investments is reached, network
externalities—there are increasing benefits per connection to the network the higher the number
of other connections—come into effect and marginal returns on ICT investment are increasing,
at least up to a point. Therefore, the development of the ICT infrastructure needs to reach a cer-
tain threshold before the network effect begins to have an impact on additional ICT investment
(Röller and Waverman 2001).

Daveri (2002) provides a related reason for why ICT investment does not always translate to
economic growth. He argues that if the initial stock of ICT capital is low—where the investment
costs are sunk, such as fixed cost for initial infrastructure building, ICT investment might be simply
unproductive on impact and hence generate no additional output upfront. Nevertheless, such
investment is indispensable for any subsequent investments to be productive. Piatkowski (2002)
notes that the least-developed countries are not likely to invest more than one percent of GDP on
ICT. That is arguably too insignificant to make a difference or to generate more ICT capital or to
positively affect economic growth.

BOX 1: DISPARITY IN R&D SPENDING

R&D is important for understanding and absorbing internationally developed knowledge of ICT, for upgrading

domestic R&D skills, and for enabling active participation in international R&D networks (Piatkowski 2002). In

most developing countries R&D expenditure is minimal. In transition countries, R&D expenditure is generally less

than one percent of GDP compared to an average of more than two percent in OECD countries (Laafia 2000),

and in South Asia 0.8 percent and sub-Saharan Africa only 0.2 percent (World Bank 2000). In absolute terms,

R&D expenditure by the United States alone is three times more than all developing countries combined, and

40 times that of all low-income countries combined.

Source: Pitt and Qiang (2003).



T
he previous sections raise at least two important questions for policymakers. First, what can
countries— particularly developing countries— do to create an environment to attract ICT
investment and promote ICT use? Second, how can countries maximize returns from ICT

investments and have them generate economic growth? The following section26 addresses these ques-
tions mainly in light of the needs of developing countries. These countries face far more formidable
challenges than industrialized countries, but some policy implications pertain to more industrialized
countries as well.

Institutional Policies of an Enabling Environment
ICT is neither a panacea nor the sole impetus for economic growth. It cannot replace the institu-
tional capacity which lays out the foundations for successful economic development. Institutions
are, to a certain extent, a precondition for successful ICT development. But ICT, once developed
and incorporated into a society, can accelerate the process of change that fosters overall develop-
ment. The need to attract private investments, the transfer and use of new ICT, and the related
reorganization of economic activity, create challenges for legal and regulatory arrangements.

Information and Communications Infrastructure Reform
Cross-country evidence strongly suggests that well-regulated economies with a competitive climate
for cultivating an information infrastructure beget lower costs, better service, wider access (see
Figure 6) and greater diffusion of telecommunications and internet services (World Bank 2002,
Colecchia and Schreyer 2001). Brazil’s telecommunication’s deregulation, for instance, resulted in
access costs dropping. In 1998, Brazilians paid $33.20 for 20 hours of Internet dial-up. Two years
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26. An overall policy and institutional environment that favors economic growth and technological
innovation are critical for ICT to contribute to growth. But a review of overall growth policy is beyond the
scope of this paper. 



later, after deregulation, the price dropped to $14.70 for 20 hours. (Schneider 2002). Regulatory
policies that promote competition are crucial to develop the infrastructure and to foster an environ-
ment conducive to higher levels of ICT investment and use, consistent with the demands of an
increasingly dynamic global ICT economy. Equally important is access expansion through sector
reform and universal access programs. At a minimum, the basic communication tools much reach
the threshold level necessary for market forces to function and network effects to take place. For
example, the government of Chile took a proactive sectoral approach by establishing the Telecom-
munications Development Fund in 1994. The fund was financed by the national budget and
helped to catalyze additional private investment in payphone service in rural and urban areas with
low income and low telephone density. As a result, the number of households with telephones
jumped to 75 percent in 2000 from under 20 percent in 1988 (Colecchia and Schreyer 2001).

Trade Openness
An environment that allows free trade is critical for spreading knowledge and innovations via
imports. A liberal trade environment enables international R&D to spillover and makes leapfrog-
ging possible (Piatkowski 2002). Lower consumer prices and cheaper imports of ICT hardware—
such as PCs—software and services will promote the spread of ICT technology. Economic openness
is identified as the most important factor explaining variations in ICT access within Africa (Onyeiwu
2002). Therefore, countries wishing to encourage ICT use should remove trade barriers, reduce tariffs
and relax laws and regulations that hinder the adoption and diffusion of imported technology.

However, Mayer (2002) argues that unilateral trade liberalization in developing countries has
not achieved anticipated benefits from technology imports. Trade barriers in developed countries
limit their capacity to generate foreign exchange earnings and thus, their ability to import ICT
goods and services. Thus, not only do developing countries need to lower their trade barriers but
developed countries as well. Developing countries need to fully understand new and existing trade
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FIGURE 6: CUMULATIVE ANNUAL GROWTH RATE OF MAINLINE AND MOBILE PENETRATION

IN DEVELOPING COUNTRIES, 1996–2001

4.6%

5.4%
5.2%

6.7%

45% 46%

51%

55%

0%

2%

4%

6%

8%

No separate regulator Separate regulator Noseparate regulator Separate regulator

Not liberalized Liberalized

0%

20%

40%

60%

80%

Fixed 
Mobil

Source: Authors’ calculation based on ITU 2002 data.



CONTRIBUTION OF INFORMATION AND COMMUNICATION TECHNOLOGIES TO GROWTH 21

issues and the industry dynamics that can create new opportunities. In the World Trade Organiza-
tion’s (WTO) negotiations, developing countries should maximize any leverage they gain from
trade offers to cultivate their own ICT development.

Policies to Maximize ICT Returns

Network/Spillover Effects
Each country differs in ICT development, infrastructure, and human capacity. Policies should be
based on a comprehensive assessment of these factors and targeted to facilitate spillover and net-
work effects. In a regional context, policy coordination opens the possibility spillover and comple-
mentation effects.

A domestic ICT production sector, such as manufacturing computers, may act as a catalyst for
greater use of ICTs throughout other sectors. The sector can create demand for the products by
introducing ICT services into the rest of the economy. While this is not automatic, appropriate
policies can capitalize on such spillover effects. Ireland, a major ICT manufacturer and exporter,
has leveraged its ICT production activities by offering professional services including outsourcing,
network management, custom programming, software localization, call center operations, systems
integration, and Web development services. This service sector initially emerged as a by-product of
ICT production, but now prospers independently demonstrating the positive spillover effects a
domestic ICT production sector can produce. 

However, in some countries, the domestic ICT producing sector is simply too small to gener-
ate much economic spillover, yet these countries might benefit from spillover effects from their
neighbors (Onyeiwu 2002). Take Botswana, Mauritius, and Namibia and as an example. It is quite
expensive for them to directly import computer hardware and software because their markets are
relatively small. In comparison, their economically more advanced neighbor, South Africa, has
invested considerably in ICTs and is a larger market. Importing computer technology from South
Africa is cheaper for these countries because transportation costs are quite low. By linking networks,
countries can also exploit complementation effects. In East Asia, the economics of the production
of ICT goods has generally provided significant regional effects, resulting in the “flying geese”
pattern of diffusion of production from the more advanced countries to their less advanced
regional neighbors.

“Adaptation Close to Use” to Match Local Needs and Capacity
Some developing countries simply cannot provide sufficient incentives to encourage ICT production.
Nor do they have adequate coffers to spend on R&D and promoting ICT use in the short-term.
Moving toward “adaptation close to use” might be an interim solution. This solution involves
adapting ICT applications for local use and to local conditions that can be adjusted by local users
reorganizing and updating their businesses and capacity. The type of technologies suitable for this
approach in developing countries include those that require less human or physical capital, that
match the existing systems, institutional structures and policies (Heeks and Kenny 2003), and that
have flexible applications like voice communication, email and the Web (vis-à-vis rigid applications
like decision support systems).

For the “adaptation close to use” to work effectively, it is essential to establish policies that
encourage alliances among the public sector (to encourage ICT use27), the private sector (to identify
business’ needs and desired applications) and R&D institutions (to find local solutions). Such cooper-
ation can ensure that resources—buildings, people, networks, hardware, software applications—
are available and used efficiently to match local needs and optimize returns on ICT investment.

27. For instance, government policies encouraging e-government applications, enabling small and
medium enterprises to use ICT, and sector specific-ICT applications such as telemedicine, e-learning, online
tourism may be useful to promote demand.





I
CT has been widely used to positively affect economic development. Its applications provide
access to worldwide information and allow for collaboration between people on different con-
tinents. Greater access to information and opportunities for collaboration can create job oppor-

tunities,28 transfer of skills, and greater efficiency and transparency in politics and business. This
paper focuses on the linkage between ICT and output growth and summarizes the findings in the
literature on the contributions to labor productivity growth from ICT-related capital deepening
and ICT production.

In developing countries, due to resource constraints, ICT’s contribution to overall economic
growth is limited. Many developing countries face challenges because of their relatively small ICT
investment and limited ability to achieve high ICT investment returns.

Yet, opportunities exist to:

■ Strengthen institutions to create a business climate that attracts investment and promotes use.
■ Exploit network and spillover effects by creating domestic demand.
■ Promote “adaptation close to use” to match local potential and local needs.

Implementing these policies would contribute to increased investment flows, greater returns
on investments and sustainable economic growth. Moreover, ICTs can be used as tools to
broaden, enrich and enlighten people and institutions in a way that expedites overall economic
development.
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28. Governments are sometimes reluctant to foster the development of an ICT industry because of poten-
tial concerns of unemployment (‘displacement effect’). Large-scale adoption of ICTs may reduce the demand
for low-skilled labor. Creation of new ICT jobs may counterbalance potential displacement effects.
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