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Technology and Technological

Diftusion in Developing Countries

Technological progress—improvements in the
techniques (including firm organization) by
which goods and services are produced, mar-
keted, and brought to market—is at the heart
of human progress and development. At the
national level, technological progress can
occur through invention and innovation;
through the adoption and adaptation of pre-
existing but new-to-the-market technologies;
and through the spread of technologies across
firms, individuals, and the public sector
within a country.

For developing countries, the bulk of tech-
nological progress occurs through the latter
two channels. Much of this chapter is con-
cerned with measuring the extent to which
this process has occurred in countries in dif-
ferent regions and at different income levels.
Although the current state of technological
achievement is itself illuminating, the pace at
which it is changing is equally important, and
this is estimated by comparing the level of
technological achievement in the early 1990s
with its current level and inferring the pace of
change for different countries. The chapter
concludes by looking at the speed with which
specific technologies spread both across coun-
tries and within them. Armed with this broad
view of technological progress within devel-
oping countries, chapter 3 explores in more
detail the main factors that influence techno-
logical progress in individual developing
countries. That chapter places equal emphasis

on the international connections and net-
works that expose firms and individuals in
developing countries to cutting-edge tech-
nologies and on the domestic factors that de-
termine how successfully countries are able to
absorb and apply those technologies. To es-
tablish a baseline for future work, both chap-
ters adopt a positive (empirical) rather than a
normative or prescriptive approach. Never-
theless, some clear conclusions with policy
implications do emerge from the analysis.
This chapter begins its empirical examina-
tion by reviewing existing estimates of the
contribution of technological progress to eco-
nomic growth as measured by gross domestic
product (GDP) and of income levels in devel-
oping countries. It reviews the mechanisms by
which technology contributes to GDP and in-
comes, but also stresses the contributions of
technology to other important development
goals that are not well captured by GDP
alone, such as health, education, and the envi-
ronment. In addition, it discusses some of the
principal limitations of this kind of empirical
analysis and accompanying caveats. The chap-
ter then discusses a wide range of previously
published indicators of the extent to which
various technologies have penetrated the
economies of developing countries. For ease of
exposition, these indicators are arranged in
three groups: those showing the extent of sci-
entific innovation and invention; those mea-
suring the penetration of older technologies,
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such as railroads and telephones; and those
measuring the penetration of newer technolo-
gies, such as personal computers and mobile
phones. The chapter then develops an aggre-
gate measure of technological achievement
using a statistical technique (principal compo-
nents analysis) that combines some 20 sepa-
rate indicators of technological achievement
along these three dimensions, plus an
additional dimension, the extent to which
countries are exposed to external technologies
(explored in more detail in chapter 3). The
distribution of overall technological achieve-
ment across countries and changes over the
past decade are examined to evaluate both the
speed with which technological achievement
in countries is advancing and the dimensions
along which change is occurring most quickly.
The chapter concludes by examining a new
longitudinal data set (Comin and Hobijn
2004) that tracks both the speed with which
individual technologies are transmitted across
countries and the pace with which they diffuse
within countries.

Eight main results emerge from this
chapter:

1. While technological achievement is re-
lated to income levels across countries, the
nature of this relationship differs depend-
ing upon the dimension of technology being
examined.

e While a strong correlation exists be-
tween scientific innovation and inven-
tion and income in high-income coun-
tries, almost none of this kind of activity
is being performed in developing coun-
tries. As a result, virtually all technolog-
ical progress in developing countries
comes from the adoption and adapta-
tion of preexisting technologies.

e At an aggregate level, the use of older
technologies is positively related to in-
come in developing countries. However,
the extent to which they are employed
varies substantially within income
groups, suggesting that developing

countries’ history, geography, and past
government success in delivering
infrastructural technologies are equally
important determinants of the extent to
which older technologies are used.

e Penetration rates of more recent tech-
nologies vary more regularly with in-
come. In part this reflects their relatively
lower start-up and infrastructure costs
than those of older technologies and
their more flexible delivery structure.

2. While technological achievement tends to
rise with income, it tends to level off. The level
of technological achievement at which this lev-
eling off occurs differs across countries accord-
ing to their geography, history, and level of
technological absorptive capacity (discussed in
more detail in chapter 3). Thus, reflecting an
emphasis on equal access to education and
state-provided technological services, countries
within the Europe and Central Asia region
have significantly higher levels of technological
achievement than other countries at similar in-
come levels. By the same token, countries in
Latin America and the Caribbean are some-
what less advanced than might be expected, as
earlier inward-looking policies and weak basic
technological literacy in the overall population
have limited the extent to which technologies
have permeated economic activity.

3. Technological achievement within coun-
tries can vary widely. Despite a level of tech-
nological achievement in major cities that can
rival that in high-income countries, low levels
of technological advancement in rural areas
mean that, viewed as a whole, countries such
as China and India are not particularly tech-
nologically advanced. Moreover, because tech-
nology spreads slowly across firms, there are
wide differences in the technological sophisti-
cation of production, even within the same
sector in the same country.

4. Owerall, the technology gap between
middle-income and high-income countries has
narrowed over the past 10 years. Evidence of
catch-up is particularly strong in Chile,
Hungary, and Poland, where the overall level of
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technological achievement increased by more
than 125 percent during the 1990s.

5. Onaverage, technology is advancing more
rapidly among low-income countries. Among
those low-income countries for which sufficient
data are available, the penetration of technol-
ogy is progressing more rapidly than in either
middle- or high-income countries. However,
this reflects very strong catch-up in some coun-
tries and more modest improvements, or even
relative declines, in the majority. Moreover,
technology in high-income countries is also ad-
vancing, and the absolute increase in these
countries is larger than in developing countries.

6. The pace at which technology spreads
between countries is accelerating. Whereas a
new technology in the 1800s could take as
long as 100 years to reach 80 percent of the
world’s countries, for a new technology to
reach 80 percent of the world’s countries now
takes less than 20 years.

7. Ultimately, however, what matters most
for technological achievement is the speed
with which technology spreads within a coun-
try. Here too the evidence suggests a pickup in
the pace of internal diffusion, but there is also
widespread divergence across countries, even
across those at similar income levels.

8. Changes in the regulatory enviromment
and in the nature of technologies partly ex-
plain the acceleration in the rate at which they
penetrate into developing countries. Many old
infrastructure technologies, such as roads,
railroads, sanitation, and fixed-line telephone
systems, are often provided by the government
and are thus subject to public sector budget
constraints and the risk of government failure.
By contrast, the most common new technolo-
gies, such as the Internet, mobile phones, and
computers, are being delivered in a regulatory
environment that encourages competition and
that harnesses private capital (domestic and
foreign) to provide basic infrastructure. More-
over, the past 10 years have been more stable
politically than the 1980s and 1990s, which
has likely given a boost to the diffusion of
newer technologies.

The role of technology

in development

echnological progress is at the heart of

human progress and development. As the
1998 World Development Report on the
knowledge economy (World Bank 1998) em-
phasized, the understanding of how things are
created and the communication of that know-
ledge are critical drivers of economic progress.
Central to understanding the role of technol-
ogy is the recognition that technology and
technological progress are relevant to a wide
range of economic activities, not just manufac-
turing and computers. For example, some esti-
mates suggest that technological progress has
boosted productivity in agriculture four times
as quickly as in manufacturing (Martin and
Mitra 2001). Indeed, seemingly low-tech prod-
ucts such as corn or flowers can be the result
of relatively high-tech production processes,
while in some countries the production of
ostensibly high-tech products such as comput-
ers is an outcome of relatively low-tech assem-
bly activities. Finally, in many cases technology
is embodied in production and management
systems rather than in physical goods or soft-
ware algorithms. A computer loaded with the
latest software that sits unused on a desk for
most of the day is a very different manifesta-
tion of technology than the same computer
that is running a production process or man-
aging an accounts payable system.

This report defines technology and techno-
logical progress in this wider sense, although
data limitations may give some of the measures
developed the flavor of a more narrow, physi-
cal, and manufacturing-oriented definition.

Technology is both a critical determinant
and an outcome of rising incomes
Traditionally, economists view the process by
which goods and services are produced as one
that combines capital, labor, and other factors
of production (land and natural resources)
using a particular technology. The relative ef-
ficiency with which a given economy produces

IN DEVELOPING COUNTRIES
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Table 2.1 Disparity among TFP levels
remains wide

TEP relative to that ~ Annual TFP

of the United States, growth,
2005 1990-2005
(annual
(index, percentage
Regions U.S. = 100) change)
East Asia and the Pacific 8.4 5.1
Europe and Central Asia 21.7 2.2
Latin America and the Caribbean ~ 19.3 0.2
Middle East and North Africa 13.3 0.5
South Asia 5.8 2.3
Sub-Saharan Africa 5.6 0.2
Income groups
High-income OECD
countries 771 1.3
High-income non-OECD
countries 53.1 0.7
Upper-middle-income
countries 23.7 1.2
Lower-middle-income countries 9.6 32
Low-income countries 5.2 1.7

Source: Poncet 2006.
Note: OECD = Organisation for Economic Co-operation and
Development; TFP = total factor productivity.

goods and services given a certain quantity of
labor and capital is called total factor produc-
tivity (TFP). TFP is commonly interpreted as a
measure of the technology of production and
its rate of growth as a measure of technical
progress.!

International comparisons of TFP suggest
that enormous gaps exist between high-
income and low- and middle-income countries
in the efficiency with which they produce
goods and services (table 2.1). In 20035, the av-
erage level of TFP in low-income countries
was only slightly more than 5 percent of
U.S. levels. The technology lower-middle-
income countries employed was roughly twice
as efficient and that of upper-middle-income
countries was approximately four times as effi-
cient. While these gaps have been narrowing
for low-income and lower-middle-income
countries, upper-middle-income countries
have only managed to maintain their relative
position in relation to high-income countries.
At the regional level, these gaps have widened

or remained stagnant in three of six develop-
ing regions, with TFP growing faster in high-
income countries than in Latin America and
the Caribbean, the Middle East, and Sub-
Saharan Africa.

The relationships between income growth,
technological progress, capital accumulation,
and welfare are, of course, much more complex
than can be summarized in a simple measure
of TFP, partly because each factor of produc-
tion and the technology with which factors
are combined are dependent on one another.
As discussed in chapter 3, capital goods often
embody significant technological progress and
there is no simple way to distinguish between
the contribution that each makes to growth.
Similarly, technology in the form of knowl-
edge of business processes and of science and
general experience is embodied in labor.
Moreover, the contribution of technology to
welfare is only imperfectly measured by its im-
pact on GDP (box 2.1).

Technological progress can lower costs,
improve quality, create new products,

and help reach new markets

Even though measures of TFP and its progress
give us a sense of the relative dispersion of
technological progress, they tell us little about
the mechanisms by which technology influ-
ences development. Technological progress in-
volves much more than doing the same things
better or with fewer resources. It is more dy-
namic, involving both the creation of new and
new-to-the-market products and production
techniques, but also the spread of these tech-
niques across firms and throughout the eco-
nomy. While the mechanisms by which tech-
nological progress contributes to development
are in some sense obvious, the following de-
serve special mention:

e Technological progress can  spur
development by lowering the costs of
production and enabling the exploitation
of increasing returns to scale. By improv-
ing the efficiency with which existing
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products are produced, new technologies
can open up the possibility of increasing
output and, assuming that markets are
available, taking advantage of previously
unexploited increasing returns to scale.
Technological progress in one sector can
create mew economic opportunities in
other sectors. Lower production costs
can create whole new products, or even
sectors. A new-to-the-market innova-
tion in one sector can result in a flower-
ing of activity in other sectors by
creating a demand for and supply of
goods and services that did not exist
previously (box 2.2).

The benefits of a new technology can
extend well beyond the immediate
sector or good in which the technology
exists. This is the case if the initial
product is an important intermediate
good in the production of other goods,

for example, telecommunications or
reliable electrical service.

Technology can vyield quality improve-
ments. Such improvements can enable a
developing country to penetrate more
demanding consumer and intermediate
markets. This can be as simple as em-
ploying machinery and equipment that
produce goods and services that corre-
spond to the more exacting expectations
and standards of consumers and busi-
ness clients in high-income countries.
Technology in this sense extends beyond
engineering technology to include man-
agement techniques. For example, one of
the big challenges facing Ugandan fish-
eries was creating systems of quality as-
surance that allowed them to meet phy-
tosanitary standards in the European
Union on a sustained basis (Chandra and
Kolavalli 2006).

IN DEVELOPING COUNTRIES
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Even relatively simple technologies can

have far-reaching development impacts

Technological advances do not need to be ex-
traordinarily complex or reliant on the most
sophisticated technology to have important
development impacts. In many low-income
countries, fairly commonplace technologies
are often in short supply because of weak ca-
pacities to implement them (box 2.3), and rel-
atively simple innovations can have profound
effects. The green revolution is a dramatic ex-
ample of the effectiveness that even modest
technological advances can have in boosting
incomes among the poor. In addition, greater
access to the technologies required to store
and process food can increase food security,
particularly in communities without access to
reliable electricity or means of refrigeration.
The use of sawmill waste (sawdust, planer
shavings, and chipper dust) to produce car-
bonized briquettes for use in household
cooking can increase access by the poor to fuel
for cooking while reducing deforestation

pressures.2 Dissemination of the simple skills
required to build rainwater collection systems
can greatly improve access to clean drinking
water and reduce the incidence of diarrhea, a
major cause of infant mortality. Insecticide-
treated mosquito nets are a well-known, cost-
effective strategy for preventing the spread of
malaria, but the main challenge in many coun-
tries remains developing and implementing a
mechanism for distributing them to those
most in need and ensuring that they are used.

Despite these advantages, technological
change can also be disruptive

While technological progress generates sub-
stantial benefits, it can also be disruptive, be-
cause its benefits are not necessarily evenly
distributed. In particular, while the introduc-
tion of an advanced technology may mean
new opportunities for the innovator and
reduced costs for consumers, it can result in
significant short-term losses in incomes for
competitors using older technologies. For
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example, improved production and processing
of sugarcane in Brazil has allowed production,
incomes, and employment in that country to
increase significantly, but it has done so at the
expense of sugar producers in other countries,
who have been unable to compete. While the
associated income losses may be painful,
the global impact tends to be positive, because
the income losses promote the reallocation of
resources and activity to more effective uses.

Technological progress may also benefit
certain classes of workers over others. Tech-
nological change that uses high-level skills
more intensively may hurt less skilled workers
in high-income countries by increasing the de-
mand for skilled workers and simplifying
tasks or allowing the outsourcing of tasks that
previously were accomplished by relatively
well-paid semiskilled workers. Many econo-
mists cite the recent tendency for technologi-
cal progress to benefit more skilled workers as
a major source of the rise in earnings inequal-
ity in most advanced countries.> Note, how-
ever, that technical change does not always
raise the demand for skilled workers relative
to unskilled workers, nor does the disruption
necessarily occur to the detriment of low-skill
workers. Thus the weaving and spinning ma-
chines that benefited lower-skilled workers by
enabling them to produce textiles formerly
produced by skilled artisans were destroyed in
the Luddite and Captain Swing riots of the
19th century (Acemoglu 2002).

Moreover, if changes in earnings in
developing countries are taken into account, it
is no longer clear that technical change has
been biased toward skilled workers. By some
measures, global inequality has not increased
over the past two decades.* Global income
distribution has benefited from the rapid
growth in China and India, which has enabled
hundreds of millions of people to escape
poverty. Technical change interacting with in-
creased globalization may have increased in-
equality within some countries by increasing
the demand for skilled workers. By opening
up opportunities for technical progress
through the production of export goods that

require relatively high-level skills, greater par-
ticipation in international trade has led to in-
creasing demand for skilled workers, and thus
to greater income inequality in some countries
(Arbache, Dickerson, and Green 2004; Zhu
and Trefler 2005). At the same time, technical
progress can be strongly pro-poor, for exam-
ple, the discovery of simple technologies to
store and process food in areas with insuffi-
cient access to electricity or to enable low-cost
approaches to combating disease.

The disruptive nature of technological
progress can generate important benefits to
society by spurring competition. For example,
the introduction of mobile phone technology
in several developing countries has introduced
an important element of competition not only
in the telecommunications sector, but also in
banking and other information-sensitive sec-
tors. Partly as a result, many of the informa-
tional asymmetries generated by a lack of effec-
tive communications that various middlemen
used to exploit have been eliminated, raising
producer prices and lowering consumer
prices.’ These benefits are often accompanied
by shifts in the distribution of income whereby
some groups can lose either relative to others
or in absolute terms. These losses can be diffi-
cult for the poor to absorb, underlining the
importance of safety nets to minimize social
conflict and to ensure that overall progress
does not come at too high a cost for some
individuals.

Measuring technology

in developing countries

he remainder of this chapter is concerned

with measuring the level of technological
achievement in developing countries and re-
cent progress in this regard. This first section
goes beyond indirect measures of technology
like TFP, and seeks a more direct measure of
technological achievement by exploring the ex-
tent to which specific technologies have per-
meated economic activity in developing coun-
tries and the intensity of scientific innovation
and invention.
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Measuring technology directly is difficult,
mainly because, unlike pencils or automobiles,
technology has no easily counted physical
presence. Nor does it have a well-defined
price that would allow it to be measured and
aggregated in the same way that services are.
Rather, technology is embodied in products,
intermediate inputs, and processes. As a
result, most efforts to measure it have been
forced to use indirect techniques (see
Archibugi and Coco 2005 for a review). Some
indexes emphasize inputs into technological
advancement, such as education levels, num-
bers of scientists and engineers, and expendi-
tures on research and development (R&D) or
R&D personnel, for example, the index of
innovation capability put out by the United
Nations Conference on Trade and Develop-
ment (UNCTAD 2005). Other indexes also
incorporate information on the diffusion of
technologies and on indicators of innovation,
such as the number of patents granted. The
technology achievement index, published by
the United Nations Development Programme
is an example. Still other indexes focus on out-
puts, such as the share of high-tech activities
in manufacturing value added and exports, for
instance, the index of competitive industrial
performance published by the United Nations
Industrial Development Organization (UNIDO
2002). Some indexes focus more on the mech-
anisms by which technological progress is
achieved (Sagasti 2003) or by which techno-
logical learning occurs (Soubattina 2006). For
example, the national innovative capacity
index reflects government and firm-level
policies associated with successful innovation
(Porter and Stern 2003).

Each of these approaches has its strengths,
but none of them is entirely satisfactory, both
because the indicators used fail to do justice to
the broad definition of technology adopted
here (box 2.4), and because the methods by
which these indexes are constructed are some-
times arbitrary (Archibugi and Coco 2005). To
overcome these deficiencies, the indexes devel-
oped in the remainder of this chapter include a
number of indicators not previously included

in technology indexes. Summary indexes are
derived from these along three dimensions of
technological achievement: the extent of scien-
tific innovation and invention, the diffusion of
older technologies, and the diffusion of newer
technologies. We begin by reviewing current
levels of technology and their dispersion and
recent trends in a number of indicators that the
literature pertaining to these three dimensions
of achievement has used.

In a subsequent section, summary indica-
tors of achievement along each of these di-
mensions are derived using principal compo-
nents analysis. Their current levels and recent
trends are discussed, an overall index of tech-
nological achievement is generated from these
summary indicators, and a fourth indicator
(developed in chapter 3) summarizes the ex-
tent to which external technology is used in
the production process.

Scientific innovation and invention
Most technological improvements in develop-
ing countries are at least partially dependent
on the diffusion of technology from more
advanced countries. Nevertheless, scientific
innovation is important in some developing
countries, and advanced technologies often
need to be adapted to local conditions, which
may require further innovation.

The intensity of innovation is closely
related to per capita income. ..

The degree of scientific innovation in develop-
ing countries, as measured by the number of
journal articles and patents granted (scaled by
population), varies sharply with per capita in-
come (table 2.2).6 Authors from high-income
countries report 7 times as many published ar-
ticles than those from upper-middle-income
countries and 88 times as many as authors from
low-income countries. Variations for measures
of patents granted and license fees earned are
even larger. This result is generally reflected in
regional data, with countries in regions with
higher incomes such as Latin America and the
Caribbean reporting higher levels of patents
and journal articles than regions such as South

IN DEVELOPING COUNTRIES
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Asia or Sub-Saharan Africa, which are domi-
nated by lower-income countries. The ratio of
patents granted to residents to the total number
of patents a country grants (an indicator of the
extent to which innovations are generated
domestically) is only weakly correlated with
income. Equally important influences include
the domestic economic structure, the country’s
openness to foreign direct investment (FDI) (see
chapter 3), the domestic costs of making a patent
application, local intellectual property rights,
and the legal environment—all factors that dic-
tate the potential benefits from holding a patent.

Patent activity in middle-income countries
has increased over the past 20 vyears
(figure 2.1), primarily because of a sharp jump
in patenting (relative to population) among

upper-middle-income countries in the early
1990s following the integration of the
transition economies of the former Soviet
Union into the world economy. The continu-
ous increase in patent activity among lower-
middle-income countries mainly reflects activ-
ity in China, whose share in world patent
applications rose from about 1.5 percent in
the late 1980s to a peak of nearly 10 percent
in 2004. Excluding China, additional patent-
ing activity in lower-middle-income coun-
tries has been relatively modest. While
patent activity has also risen in low-income
countries, it remains far below that in
middle-income countries both in the ab-
solute numbers of patents issued and relative
to the population.
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Table 2.2 Scientific and innovative outputs

Scientific and Number of Royalty and
technical journal USPTO EPO Total patents to license fee
articles, patents, patents, patents, nonresidents receipts
Regions and income groups 2003 2006 2005 2003 2003 2004
(percent of (percent of
Regions (Number per million people) total) GDP)
East Asia and the Pacific 17 0.7 0.01 37 77 0.02
Europe and Central Asia 90 0.9 0.40 95 28 0.06
Latin America and the Caribbean 35 0.7 0.21 46 98 0.03
Middle East and North Africa 18 0.1 0.03 — — 0.02
South Asia 9 0.5 0.07 1.4 60 0.00
Sub-Saharan Africa N 1.4 1.16 157 100 0.06
Income groups
World 111 38.6 11.4 127 41 0.27
High-income countries 584 135.1 42.6 331 38 0.33
Upper-middle-income countries 85 1.4 0.40 91 42 0.04
Lower-middle-income countries 21 0.6 0.01 46 64 0.03
Low-income countries 7 0.4 0.07 3.5 56 0.00

Source: World Development Indicators, USPTO, EPO, and World Intellectual Property Office data.

Notes: EPO = European Patent Office, USPTO = U.S. Patent and Trademark Office. To reduce home bias, the total patents
granted by the USPTO to high-income countries exclude those granted to the United States, and the total patents granted by the
EPO exclude those granted to high-income European Union countries.

— = not available.

... although the Europe and Central Asia
region is an outlier

Reflecting a history of advanced scientific
and engineering work in a number of former
Soviet bloc countries, the Europe and Central
Asia region has relatively high levels of scien-
tific innovation and invention (table 2.2).

Figure 2.1 Patent activity is rising in
middle-income countries
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Source: World Development Indicators.

Publication rates there are equal to those in
many high-income countries, and patent ac-
tivity is more than twice the level in any other
developing region. The region is also the
most self-reliant of developing regions in
terms of patent activity, with only 28 percent
of patents being filed by nonresidents, a fig-
ure that is even lower than the high-income
country average of 38 percent. The East Asia
and Pacific region also scores high in terms of
patents, although its publication record is
more in keeping with that of other develop-
ing regions. In some countries, such as China
and India, conscious efforts to raise R&D
spending have led to higher levels of scientific
innovation than might be expected based on
income (Lederman and Saenz 2005), while
low levels of innovation in Latin America
and the Caribbean reflect an academic re-
search tradition with few links to industry
(Maloney 2006).

Penetration of older technologies

The clear dominance of high-income countries
in the number of scientific and technical jour-
nal articles published, the number of patents
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granted, and the extent of licensing and
royalty fees realized points to the relatively
minor role that at-the-frontier innovation
plays in determining technological progress in
developing countries and the relative impor-
tance that adoption and adaptation of existing
technologies must play. We look first at the
diffusion of older technologies.

The major technological innovations of the
past two centuries—such as steam power, elec-
tricity, the internal combustion engine, the
telephone, radio, and television—exist to
some degree in virtually every country in the
world. However, the extent to which they are
available within countries varies enormously,
depending both on the technical adaptive
capacity of the country (chapter 3) and on the
affordability of the technology.

Many of the most prominent technologies
are in the manufacturing sector. However, the

efficient extraction of natural resources often
requires advanced technology and can encour-
age technological progress. Indeed, the failure
to absorb new technologies is an important
reason for the slow growth of many natural
resource-based economies in Latin America
(box 2.5).

Affordability limits the penetration of
electrical networks in some countries . . .
Affordability, exacerbated by fiscally con-
strained governments, helps explain the
modest diffusion of many technologies critical
to development. This appears to be the case
for a number of infrastructure technologies
such as electricity (figure 2.2), rail and road
transportation, and fixed-line telephony. In
each of these cases, a reliance on governments
to provide these services, coupled with weak
institutions and a lack of domestic capacity to
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Figure 2.2 Electrical consumption varies
markedly even at similar income
levels (2004)
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Sources: World Bank; World Development Indicators.

maintain systems, has limited their diffusion
in a number of low- and middle-income
countries.

Other factors, such as industrial structure,
climate, tax policies, and preferences, are also
at play. In the case of electricity, the way a
country organizes its power sector (the process
technology employed) can also have a strong
bearing on the diffusion of the specific tech-
nology within the economy. For example,
many countries in the former Soviet bloc enjoy
near-universal access to electrical power and
per capita consumption rates that are more
than double those in any other developing
region (table 2.3). This reflects a much earlier
decision to emphasize electrification and the
provision of subsidies under communist rule.
Access to power in other regions is more
spotty, with most of the population in most
large cities having access (or at least the
possibility of access) to the electrical power
grid, but with a large share of the rural popu-
lation, particularly in the poorest countries,

having no or only limited service. In India
for example, only 85 percent of rural villages
have access to the power grid. In Sub-Saharan
Africa, only 8 percent of the rural population
has access to electricity, compared with 51 per-
cent of the urban population. In South Asia,
only 30 percent of the rural population has ac-
cess to electricity, compared with 68 percent of
the urban population (Besant-Jones 2006).

Moreover, the reliability of the grids varies
enormously, partly because of the amount of
electricity lost through pilferage or in trans-
mission. Because of electricity’s importance as
an intermediate input, the reliability of the
electrical supply may be even more important
to the diffusion of other technologies than its
availability. Many machines are sensitive to the
quality of electrical power and many processes
are intolerant of interruptions. As a result, un-
reliable power can be an important factor in
preventing the implementation of these tech-
nologies in some countries. For the world as a
whole, electricity losses amount to an average
of 9 percent of the power produced. Countries
in East Asia and the Pacific and Sub-Saharan
Africa and members of the Organisation for
Economic Co-operation and Development
(OECD) do better than this average, while
losses in South Asia approach 30 percent.
Furthermore, the impact of power reliability
differs across countries. In Bangladesh, for
example, where transmission and distribution
losses represent only 9 percent of produced
power, some 70 percent of managers indicate
that unreliable power is a serious constraint to
business. In contrast, in Cameroon and
Moldova, where transmission losses are much
greater than in Bangladesh, the share of man-
agers making this complaint is much lower—
13 percent in Cameroon and less than 4 per-
cent in Moldova (World Bank 2007e).

... and restricts access to efficient
transportation . . .

Like the electrical network, transportation
systems are old technologies that enable
other technologies, and their dissemination
within countries has been closely affected by
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Table 2.3 Indicators of the diffusion of older technologies

Electric power transmission

Electric power consumption and distribution losses Telephone mainlines

2004 2004 2004
Regions (kilowatt-hours/capita) (percentage of output) (per 100 people)
East Asia and the Pacific 1,343 7 19
Europe and Central Asia 3,637 12 26
Latin America and the Caribbean 1,674 17 18
Middle East and North Africa 1,289 16 13
South Asia 414 26 4
Sub-Saharan Africa 550 9 2
Imcome groups
World 2,606 9 19
High-income countries 9,609 6 54
Upper-middle-income countries 3,454 12 23
Lower-middle-income countries 1,448 10 19
Low-income countries 375 23 3

Price basket for residential fixed
telephone line Road density Rail density
2004 1999 2005
(kilometers of (kilometers of
(percentage of gross national road/100 square kilometers  rail/100 square kilometers
Regions income/capital/month) of land area) of land area)
East Asia and the Pacific — 14.2 0.42
Europe and Central Asia 3.5 11.8 0.81
Latin America and the Caribbean 32 16.1 0.31
Middle East and North Africa 4.4 6.8 0.27
South Asia 10.6 80.6 1.55
Sub-Saharan Africa 29.3 6.4 0.18
Income groups
World 2.2 22.1 0.66
High-income countries 1.0 41.2 1.17
Upper-middle-income countries 3.9 11.9 0.70
Lower-middle-income countries 6.0 14.5 0.39
Low-income countries 20.7 19.0 0.36
Agricultural machinery and tractors Irrigated land Air transport
2003 2003 2004

(number of registered

(per 100 square kilometers (as a percentage carrier departures/1,000

Regions of arable land) of cropland) people)
East Asia and the Pacific 93 — 1.1
Europe and Central Asia 184 11 2.1
Latin America and the Caribbean 123 11 2.8
Middle East and North Africa 141 32 1.2
South Asia 143 39 0.3
Sub-Saharan Africa 13 4 0.5
Income groups

World 202 18 3.7
High-income countries 433 12 18.0
Upper-middle-income countries 173 10 3.2
Lower-middle-income countries 113 24 1.3
Low-income countries 90 24 0.3

Sources: World Bank; World Development Indicators.
Note: — = not available.
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government regulation and affordability.
Many process technologies (for example, the
assembly, sorting, refrigeration, and delivery of
fresh fruit) depend on an effective transporta-
tion network. The diffusion of railroads
among developing countries varies widely,
with the countries of the former Soviet bloc
having a much more extensive rail transport
system than other developing countries at sim-
ilar income levels. This variance is explained
in part by differences in population density
(figure 2.3). The cost per passenger mile of a rail

system tends to fall with population density,
which helps explain the particularly low den-
sity of railroads observed in Sub-Saharan
Africa (Stelling and Jensen 2001). Interestingly,
with the exception of Europe and Central
Asia, per capita income does not appear to be
an important factor in explaining the diffusion
of either rail or road networks. Moreover, the
observed distribution of road networks is only
weakly correlated with population density.
Relative to other regions, Latin America and
the Caribbean has significantly more roads

Figure 2.3 Rail and road densities rise with income and population density (2004)
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than would be expected on the basis of popu-
lation and income, while the high average
road density in South Asia mainly reflects high
densities in Bangladesh and India and low
densities elsewhere in the region.
Considerable disparities in access to road
and rail transport services are found within
many developing countries. Rural areas in par-
ticular suffer from poor access to transport ser-
vices. During 1994-2001, only an estimated
61 percent of the rural population in low-
income countries lived within two kilometers
of an all-season road (Briceno-Garmendia, Es-
tache, and Shafik 2004). Poor access to trans-
port facilities can cause the neglect of poten-
tially productive land, limit yields of used
lands to levels below their potential, and re-
duce profits from the sale of produce, all of
which weakens incentives for farmers to max-
imize production, thereby limiting the
prospects for alleviating poverty (World Bank
2006). Improving road access can thus have a
dramatic impact on growth in remote areas.

... and air transport and telephones
A well-developed air transport network is also
essential for some technologies and may be a

particularly important enabling technology
for landlocked economies with poor access to
ports in neighboring countries. Air transport
is a newer technology, and its distribution
across countries tends to follow income at the
most aggregated level. Thus high-income
countries registered 18 carrier departures per
1,000 people in 2004, compared with 0.3 de-
partures for low-income countries. Although
middle-income countries have a higher num-
ber of carrier departures relative to population
than do low-income countries, the cross-
country correlation between income and air
transport intensity is relatively low for all de-
veloping countries (figure 2.4). This suggests
that factors such as the importance of tourism
to the economy and access to alternative forms
of transport—especially relevant for island
nations—are among the most important deter-
minants of the intensity of air transport use.
The delivery of fixed-line telephone services
follows a similar pattern. On average, the in-
cidence of this mature technology among
upper-middle-income countries is less than
half that in high-income countries, and in low-
income countries falls to almost 5 percent of
developed country levels. Across regions, the
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(per 1,000 people), 2005
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Table 2.4 Affordability of fixed-line phones falls rapidly with lower incomes
(cost of fixed-line phone service as a percentage of monthly income in dollars and PPP)

Per capita income Price as a % of monthly income

Monthly price

GNI pPPP fixed-line phone GNI prp
Regions
East Asia and the Pacific 1,630 5,194 5.9 4.3 1.4
Europe and Central Asia 4,143 9,152 9.5 2.8 1.2
Latin America and the Caribbean 4,045 8,116 10.0 3.0 1.5
Middle East and North Africa 2,198 6,084 7.3 4.0 1.4
South Asia 692 3,142 5.1 8.8 1.9
Sub-Saharan Africa 746 2,004 14.0 22.5 8.4
Income groups
World 7,011 9,424 11.7 2.0 1.5
High-income countries 35,264 32,550 27.6 0.9 1.0

Sources: World Bank; World Development Indicators.

Note: GNI = gross national income; PPP = purchasing power parity.

incidence is once again much higher in Europe
and Central Asia, reflecting the heritage of the
communist era. Elsewhere, East Asia and Latin
America have fewer than 20 phone lines per
100 people and South Asia and Sub-Saharan
Africa have fewer than 5 lines per 100 people.
In contrast to air transport, the cross-
country correlation between the availability
of telephones and income levels is strong
(figure 2.4). The cost of residential service is sig-
nificantly higher in the low-income regions of
South Asia and especially Sub-Saharan Africa
(8.4 percent) than in the predominantly
middle-income regions (table 2.4).

The adoption and adaptation of old
technologies varies by sector

The diffusion of old technologies has con-
tributed to rapid growth in the agriculture sec-
tor in many developing countries. During
1967-92, TFP (often used as a proxy for
increases in technology) is estimated to have
increased four times as quickly in agriculture
as in the manufacturing sector in both
high-income and developing countries (Martin
and Mitra 2001). In part this growth
represents the exit of underemployed farm
workers to better paying jobs in other sectors,
but it also represents significant improvements

in seeds; more capital intensive forms of
embodied technology such as tractors, fertil-
izer, and irrigation systems; and better process
technology, such as crop rotation and man-
agement techniques for disease-resistant crops
(box 2.6).

At the same time, the diffusion of medical
technologies within low-income countries has
been slow. Some of the most important tech-
nological developments of the past 100 years
have been medical, including the discovery
and widespread distribution of antibiotics and
the eradication and effective treatment of a
wide range of previously deadly or debilitating
viruses, including retroviruses such as those
that cause HIV/AIDS.

The diffusion of knowledge about treat-
ments is generally relatively speedy and effi-
cient within the medical community, but their
diffusion and application within the popula-
tion of the developing world is much slower. In
Europe and Central Asia, Latin America and
the Caribbean, and the Middle East and North
Africa, the average share of children immu-
nized for measles, diphtheria, pertussis
(whooping cough), and tetanus is 89 percent or
better, bringing them close to the immuniza-
tion rates in high-income countries. East Asia
and the Pacific also posts immunization rates
above 80 percent. However, immunization
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rates in South Asia and Sub-Saharan Africa
average 59 to 63 percent (table 2.5). In part,
this reflects particularly low immunization
rates in some of the larger countries in these re-
gions, notably India (less than 60 percent) and
Nigeria (less than 35 percent), which outweigh
the better performance of some of the smaller
countries, for example, in Sri Lanka, 99 percent
of children aged 12 to 23 months are im-

munized. The disappointing failure to de-
liver this basic technological service arises
despite the intense involvement of the interna-
tional community in assisting, and in some
instances taking full responsibility for, this
process. Moreover, the pace at which these
rates are rising is disappointingly low as coun-
tries continue to struggle to implement
effective delivery systems. Partly as a result,

Table 2.5 Immunization rates lag significantly in South Asia and Sub-Saharan Africa

(children aged 12-23 months immunized)

DPT Measles DPT Measles

1993 2003 1993 2003 2003 2003

(ratio to (ratio to

(percent (percent high-income high-income

Regions immunized) immunized) countries) countries)
East Asia and the Pacific 83 83 79 83 0.87 0.90
Europe and Central Asia 80 89 84 91 0.94 0.99
Latin America and the Caribbean 78 90 82 93 0.95 1.01
Middle East and North Africa 85 91 84 92 0.96 1.00
South Asia 59 63 59 61 0.66 0.66
Sub-Saharan Africa 49 59 51 61 0.62 0.66
High-income countries 88 95 83 92 1.00 1.00
World 71 76 71 75 0.80 0.82

Sources: World Bank; World Development Indicators.
Note: DPT = diphtheria, pertussis, and tetanus.
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Table 2.6 Diffusion of both water and sanitation technology is low in rural areas

Improved water sources

Total population

Rural population Urban population

1990 2004 1990 2004 1990 2004
Regions (percent of population with access)
East Asia and the Pacific 71.8 78.5 61.4 69.8 97.3 91.9
Europe and Central Asia 91.7 91.7 83.4 79.8 97.0 98.7
Latin America and the Caribbean 82.8 91.0 60.0 73.0 92.6 96.0
Middle East and North Africa 87.5 89.5 78.9 80.8 96.1 96.3
South Asia 70.6 84.4 64.9 81.3 88.6 93.6
Sub-Saharan Africa 48.9 56.2 36.1 42.4 81.9 80.1
Income groups
World 76.4 82.7 63.2 72.2 95.2 94.5
High-income countries 99.8 99.5 99.1 98.5 99.8 99.8
Upper-middle-income countries 88.1 92.7 73.5 77.8 94.8 97.7
Lower-middle-income countries 74.2 80.8 62.9 70.9 96.4 93.1
Low-income countries 64.3 75.0 56.7 69.4 87.0 88.1

Improved sanitation facilities

Total population

Rural population Urban population

1990 2004 1990 2004 1990 2004
Regions (percent of population with access)
East Asia and the Pacific 29.7 50.6 15.3 36.1 65.5 72.4
Europe and Central Asia 86.1 85.0 72.0 70.3 93.7 93.0
Latin America and the Caribbean 67.4 771 35.4 48.7 80.7 85.7
Middle East and North Africa 69.9 76.2 52.0 57.9 87.1 92.3
South Asia 17.4 37.2 6.3 26.6 50.3 62.7
Sub-Saharan Africa 31.5 37.2 23.8 28.2 52.4 53.3
Income groups
World 44.4 57.0 22.8 37.7 77.2 79.4
High-income countries 100.0 100.0 100.0 100.0 100.0 100.0
Upper-middle-income countries 76.7 81.4 52.6 59.9 87.1 88.6
Lower-middle-income countries 37.3 55.4 19.7 38.8 72.9 76.2
Low-income countries 21.3 38.3 11.6 28.5 49.6 60.5

Sources: World Bank; World Development Indicators.

child mortality rates remain elevated in these
regions.

The health benefits of clean drinking water
and sanitation facilities have been understood
for centuries. Nevertheless, one in five people
living in developing countries lack access to
improved water sources and only half have
access to improved sanitation facilities
(table 2.6). In South Asia and Sub-Saharan
Africa, only some 37 percent of the popula-
tion has access to improved sanitation ser-
vices, while only slightly more than half of the
Sub-Saharan African population has access to

improved drinking water (this share rises to
65 percent if Nigeria, where only 35 percent
of the population has access to improved
water, is excluded). The rest of the developing
world does much better on these measures.
For example, close to 90 percent of the popu-
lation in Europe and Central Asia has access
to improved water (91.7 percent) and sanita-
tion sources (85 percent). Nevertheless, the
diffusion of these basics technologies is weak
in rural parts of all developing areas, reflecting
more intense affordability issues and the
relative scarcity of basic technological literacy
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and the competencies necessary to install and
maintain such systems (see the discussion on
basic technological literacy in chapter 3). For
example, in China and India, only 44 and 33
percent, respectively, of the rural population
have access to improved sanitation.

Older technologies have become widely
diffused in many countries, but large
disparities remain

Older technologies have penetrated less com-
pletely into developing countries than into de-
veloped countries, but the gap is much less
pronounced than the gap for indicators of sci-
entific innovation and invention. Moreover,
the relationship between income levels and
the diffusion of older technologies within the
developing world is relatively weak, suggesting
that the efficiency of the regulatory environ-
ment and the diffusion of basic skills within
countries are more important than incomes in
determining the actual level of diffusion of
these technologies. Countries with the highest
achievement in each income group find them-
selves at about the median level of achievement
of the next highest income group. Once again,
the level of diffusion of the older technologies
tends to be higher for countries of the former
Soviet bloc than for other countries at the same
income level, while both the upper-middle-
income and lower-middle-income countries of
Latin America and the Caribbean tend to re-
port lower levels of diffusion than other coun-
tries at similar income levels.

The striking differences between Europe
and Central Asia on the one hand and Latin
America and the Caribbean on the other hand
in the diffusion of older technologies may re-
flect differences in income distribution and in
the nature of R&D activities (box 2.7). Europe
and Central Asia had more equal access to
education combined with greater government
investment in infrastructure, which facilitated
more rapid diffusion of technologies than in
Latin America and the Caribbean. In addition,
whereas R&D activity was clearly linked to
the industrial strategy of Soviet-era firms in
Europe and Central Asia, R&D in Latin

America was concentrated in universities, was
oriented toward research at the global frontier
(but generally not of cutting-edge quality), and
had few links to firms (Maloney 2006).

Penetration of recent technologies
The relatively slow diffusion of many old
technologies in developing countries contrasts
sharply with the relatively rapid penetration
of newer technologies (table 2.7). Macro-
economic turmoil, civil strife, and fiscal con-
straints limited the within-country diffusion of
many older technologies, but more hospitable
circumstances—including low inflation, low
government deficits, and a technical and regu-
latory environment that has better harnessed
private sector financing of new technologies—
have contributed to the spread of more recent
technologies. In a few cases, newer technolo-
gies have leapfrogged over older ones, for ex-
ample, mobile phones now have higher pene-
tration rates in some countries than fixed-line
telephones.

Distinguishing between old and recent
technologies is necessarily arbitrary. To a
certain extent, road infrastructure is an an-
cient technology, and yet the technology em-
bodied in producing a kilometer of German
autobahn is completely different from that re-
quired to construct a kilometer of dirt track in
Somalia. Similarly, exports that are currently
classified as high-tech are in some cases evolu-
tionary developments from relatively old tech-
nology (mobile phones, for example, evolved
from radios and fixed-line telephones).”
Nonetheless, the distinction is useful, because
in many cases the factors that have impeded
the diffusion of old technologies within devel-
oping countries are qualitatively different
from those that impede the distribution of
more recent technologies. For instance, the
diffusion of many of the older technologies
depended upon the creation and maintenance
of expensive government infrastructure at a
time when many governments were grappling
with severe budget constraints and weak tech-
nical and governance capacity. Not only are
today’s technologies being exploited in a more
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relaxed and stable regulatory environment,
but also many of them are being financed and
built by private sector investors with access to
ample funds and outside expertise.

Exports of high-tech goods are only
loosely related to incomes

One frequently used indicator of the diffu-
sion of recent technology is the share of
high-tech goods in total merchandise ex-
ports. To be sure, the informational content
of this measure has decreased with the pro-
liferation of relatively low-tech assembly op-
erations of high-tech goods, which in turn
has reduced the level of technological com-

petence associated with a given level of ex-
port of high-tech goods. Nevertheless, the
share of high-tech exports is generally posi-
tively correlated with other indicators of
technological achievement.8

Middle-income countries as a group have a
much higher share of high-tech exports than
low-income countries. Within the middle-income
group, however, the lower-middle-income
countries average a higher share of high-tech ex-
ports than the upper-middle-income countries
(table 2.8). The East Asian countries have much
higher shares of high-tech exports than the
other regions, and the Middle East and North
Africa region has much lower shares than the
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Table 2.7 Diffusion of recent technologies

Internet users

Internet bandwidth Broadband subscribers

Percentage change

Percentage change Percentage change

2005 1999-2005 2004 1999-2004 2005 2001-05

Regions (per 1,000 people) (megabytes/second) (per 1,000 people)
East Asia and the Pacific 89 48 8,735 149 26 236
Europe and Central Asia 190 48 6,670 132 21 208
Latin America and the Caribbean 156 41 4,513 121 16 89
Middle East and North Africa 89 64 899 91 — —
South Asia 49 66 2,249 114 1 131
Sub-Saharan Africa 29 42 114 62 — —
Income groups

World 137 20 43,856 108 42 59
High-income countries 527 14 121,433 107 163 45
Upper-middle-income countries 196 36 5,611 126 21 147
Lower-middle-income countries 95 50 5,533 134 23 187
Low-income countries 44 72 708 120 1 143

Personal computers

Cellular subscribers Digital cellular subscribers

Percentage change

Percentage change Percentage change

2004 1997-2004 2004 1995-2004 2004 1999-2004

Regions (per 1,000 people) (per 100 people) (per 1,000 people)
East Asia and the Pacific 38 26 24 58 257 54
Europe and Central Asia 98 20 44 79 512 43
Latin America and the Caribbean 88 17 32 51 337 42
Middle East and North Africa 48 17 13 73 142 70
South Asia 12 29 4 87 40 88
Sub-Saharan Africa 15 11 8 61 83 47
Income groups

World 130 14 28 37 284 29
High-income countries 579 12 77 28 768 19
Upper-middle-income countries 113 18 48 58 521 37
Lower-middle-income countries 45 23 24 61 255 54
Low-income countries 11 25 4 92 43 88

Sources: World Bank; World Development Indicators.

Note: Period growth rates are compound annual growth rates.

— = not available.

other predominantly middle-income regions. In
part these differences reflect the impact of long-
standing policies in several East Asian countries
that emphasized exports of increasingly sophis-
ticated products and these countries’ proximity
to transport corridors that facilitated their par-
ticipation in international production networks.

Although well below half the level of East
Asia and the Pacific, Latin America and the
Caribbean’s share of high-tech exports relative
to the total of manufactured exports of 13 per-
cent in 2004 was larger than that of the other
regions (table 2.8). This mainly reflects a high
share of high-tech exports in Mexico (20 per-

cent). The average share for individual coun-
tries in Latin America and the Caribbean is
8.6 percent, with high-tech exports represent-
ing 7 percent or less of the total merchandise
exports of Argentina, Colombia, Honduras,
Nicaragua, and Paraguay.

Personal computers have diffused
relatively slowly . . .

Personal computers (PCs) are among the re-
cent technologies for which data exist for a
wide number of countries. PCs are a relatively
new technology that, despite their present-day
ubiquity in high-income countries, have
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Table 2.8 Share of high-tech products
in total exports
(high-tech exports as a percent of manufactured exports)

2004 1999-2004
Percentage

Regions point change
East Asia and the Pacific 33.4 2.7
Europe and Central Asia 8.7 -0.7
Latin America and the Caribbean 13.1 -1.4
Middle East and North Africa 3.2 -0.4
South Asia 4.1 0.5
Sub-Saharan Africa — —
Income groups

World 21.3 —-0.4
High-income countries 22.3 -0.4
Upper-middle-income countries 16.2 -3.1
Lower-middle-income countries 222 4.0

Low-income countries — —

Sources: Centre d’Etudes Prospectives et d’Informations
Internationales; World Bank.
Note: — = not available.

actually diffused relatively slowly throughout
the world since their introduction in the
1980s, at least compared with the speed at
which the use of mobile phones and the Inter-
net has spread. Thus in 1995, France had just
under 145 computers per 1,000 inhabitants,
fewer than half as many as in the United States
at the time (325) and roughly the same as in
Hungary today. France now has 575 comput-
ers per 1,000 inhabitants, compared with 762
in the United States, and many developing
countries in Europe and Central Asia and
Latin America have PC ownership rates simi-
lar to Hungary’s. Indeed, the regional average
for Europe and Central Asia is brought down
by low penetration rates in Turkey and
Ukraine (the second and third most populous
countries in the region, respectively), which
have only 52 and 28 computers per 1,000 in-
dividuals, respectively. If we use the simple av-
erage of the penetration rate in individual
countries in the region, there are about 150
computers per 1,000 people, with many coun-
tries posting penetration levels close to the un-
weighted average for high-income countries
(460 PCs per 1,000).°

Nevertheless, three-quarters of low-income
countries have 15 or fewer PCs per 1,000 peo-
ple and one-quarter have fewer than 5 per
1,000 people. Yet, several low-income coun-
tries have substantially more. Mongolia, for
example, reports having 133 PCs per 1,000
people, illustrating that even though the density
of PC ownership is correlated with income,
substantial variations exist across countries at
similar income levels.

... while diffusion of the Internet and
mobile phones has been extremely rapid
The penetration of Internet use, a more recent
technology, !0 offers an interesting comparison
(figure 2.5). Internet bandwidth consumption
and the number of broadband subscribers
more than doubled from 1999 to 2004 in both
middle- and low-income countries. High-
income countries have almost as many PCs
per capita as there are Internet users in devel-
oping countries, which have twice as many
Internet users as PCs. The ratio rises as per
capita incomes decline, with four times as
many Internet users as PCs in the Middle East

Figure 2.5 The incidence of Internet use
varies widely across countries

Internet users per 1,000 people, 2004
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and North Africa and South Asia. The capac-
ity to share an Internet connection, either for-
mally through a commercial venture such as
an Internet café or informally, makes Internet
use much more affordable than owning a PC
and lies at the root of this difference.

A lack of infrastructure helps explain weak
penetration rates in some low-income coun-
tries. For example, even though Internet pene-
tration rates rose by 41 percent in Sub-
Saharan Africa from 1999 to 2005, Internet
penetration in the region remains the lowest
among developing regions, in part because no
high-speed, low-cost backbone exists to con-
nect eastern and central Africa to the rest of
the world. As a result, Internet transactions
must be made via satellite, which provides
lower bandwidth at higher cost than fiber op-
tics (Kenyan call center operators pay $7,000
per megabyte of bandwidth compared with
around $500 for operators connected by fiber
optic cable in India). As a result, prospects for
Sub-Saharan Africa are expected to improve
following the recent installation of a fiber
optic backbone along the western coast of the
continent and the expected completion of a
similar backbone along the eastern coast
in 2008.

Technology is also providing solutions for
overcoming infrastructure costs. In a number
of countries, wireless broadband connections
are outpacing digital subscriber line (DSL) and
cable as a mechanism for distributing Internet
access to customers. So-called 3G mobile
phones already provide reasonable bandwidth
in many countries, while more advanced stan-
dards offer hope for even faster implementation
and diffusion. Some 23 developing countries are
planning to, or already have begun to, deploy
WiMax systems, a wireless, broadband Internet
standard touted as the successor to today’s WiFi
and 3G systems. Those with existing WiMax
implementations include the Dominican
Republic, Pakistan, South Africa, and Uganda.

The ability to share the fixed costs of a mo-
bile phone and its monthly subscription costs,
along with its portability, have facilitated the
diffusion of this technology in developing

countries. Although lack of competition and
difficulties innovative entrepreneurs encoun-
tered in getting licenses slowed the initial dif-
fusion of mobile phone technology, much has
changed in recent years (Sullivan 2007).
Mobile phone ownership rates in developing
countries—even in the poorest countries—are
rising rapidly, having almost doubled in low-
income countries between 2000 and 2004. In-
deed, new subscribers are signing up at such a
fast pace that the data in table 2.7 are already
broadly out of date.

Because the market is evolving so rapidly,
with new applications for mobile phone
technology being developed on a regular basis,
evaluating its overall impact is difficult. Pene-
tration rates in Europe and Central Asia and
Latin America and the Caribbean are already
high, rivaling those observed in high-income
countries less than 10 years ago. Penetration
rates in East Asia and the Pacific are somewhat
lower on average; however, looking at only the
middle-income countries in the region and ex-
cluding small island economies, the average
penetration rate in East Asia and the Pacific
is higher than in Latin America and the
Caribbean. Penetration rates in low-income
countries are much lower, on average, al-
though some countries have reached levels
comparable to those in middle-income coun-
tries. As of 2005, six Sub-Saharan African
countries (Botswana, Gabon, Mauritius, the
Seychelles, Sierra Leone, and South Africa) had
mobile phone penetration rates above 30 per-
cent. Although penetration rates in South Asia
are also low, the large populations of these
countries and the pace at which firms are
adding customers means that globally, a sub-
stantial proportion of new mobile phone
subscribers comes from developing countries.!!

The rapid penetration of mobile phone
technology reflects in part the process by
which it has been financed. Unlike most fixed-
wire telephone systems, railroads, and electri-
cal grids, mobile phone technology has been
introduced into most developing countries by
well-funded private operators working within
a relatively competitive environment. As a
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result, the creation of the necessary infrastruc-
ture for these systems has not been held back
by the government financing and bureaucratic
constraints that slowed the diffusion of older
technologies. Moreover, microfinance tech-
niques have facilitated expansion of the de-
mand side of the business (Sullivan 2007).
The technological and economic implica-
tions of the rising penetration of mobile phones
are only now being assessed. In poor, rural
areas, where the transportation of goods and
people is heavily constrained by poor infra-
structure, the introduction of cheap, personal
communications may be of great value both as
a substitute for moving people and to assure
that the movement of people or goods is worth-
while. In particular, the availability of relatively
cheap and efficient communications has re-
duced informational asymmetries in a number

of sectors, increasing producers’ revenues and
lowering consumers’ costs (albeit at the ex-
pense of middlemen). In addition, this technol-
ogy is increasingly being used to enable a de-
gree of arm’s-length financial intermediation
that many argue is critical to development, but
that has largely been unavailable in the past
because of a lack of infrastructure (box 2.8).

The diffusion of new technologies has
encouraged rapid growth in business
services

The Internet, greater availability of comput-
ers, and faster communications have com-
bined to greatly expand the potential for de-
veloping countries to supply services from a
distance in a process called offshoring. Ini-
tially offshoring services were concentrated on
lower-end software services and business
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processes as well as call centers. More re-
cently, offshoring has moved into such areas
as investment and financial services, human
resources, health services, retail functions,
logistics, and customer support functions
(World Bank 2005). In addition to increasing
demand for labor and boosting export rev-
enues, offshoring of services to developing
countries can improve their incentives to pro-
vide education and training, help improve the
quality of services provided domestically, en-
courage technology and knowledge transfers,
and minimize (compared with manufacturing)
the environmental consequences of economic
growth. By one account, the most attractive
locations for offshoring global services (based
on costs, the availability of workers with appro-
priate skills, and the overall business environ-
ment) include Brazil, Chile, China, the Czech
Republic, India, Malaysia, the Philippines,
and Thailand (A. T. Kearney 2007). As the
complexity of services offshored increases,
geographic proximity to major markets has
become more important and has provided
greater opportunities, for example, for the
Czech Republic to supply Western Europe and
for Mexico to supply Canada and the United
States. The advantages of fluency in English
and French, along with shared time zones, have
increased the potential for African countries to
supply services to the European market.!2
While India has dominated the outsourcing
market, rapid expansion of the business may
be running into capacity constraints as the
pool of unemployed and underemployed
skilled workers dries up and wages are bid
up.!3 Eventually, rising labor costs may partly
erode the advantage of the current major off-
shore centers, providing greater room for
competition from poorer countries. A recent
survey found that the relative cost advantage
of the leading offshore destinations fell in
2006 (A. T. Kearney 2007). However, partly
because of learning by doing, these countries’
scores along other dimensions, including peo-
ple skills and the business environment, have
increased. As a result, they have been able to
move up the value added ladder by increasing

the sophistication of the services they deliver
even as their costs rise. This development un-
derlines a major message for policy makers
and businesses in developing countries: im-
proving the skills of the labor force by devot-
ing more resources to education and training,
along with improving the overall climate for
investment, is essential for competing in tech-
nologically sophisticated markets.

Logistics represent an important

process technology

As noted earlier, the spread of modern com-
munications technology and the diffusion of
computers, coupled with quality improve-
ments in transportation services, have com-
bined to greatly improve the rapid and effi-
cient delivery of goods and services, enabling
just-in-time inventory processing and more ef-
ficient supply chain management (this subsec-
tion is based on Arvis and others 2007). The
World Bank’s logistics performance index pro-
vides an overall evaluation of the perceived so-
phistication with which countries are able to
deliver goods and services (figure 2.6). It con-
tains several subindexes that measure services
critical to logistics, including customs, infra-
structure, ability to track shipments, and busi-
ness processes (competence) along with the
timeliness and cost of deliveries of domestic
logistics companies (table 2.9).

The overall quality of logistics services is
clearly correlated with income. The top per-
formers are high-income countries (Singapore,
with an index of 4.19, ranks number 1), while
the worst performers are the poorest countries
that are landlocked or that suffer from severe
governance problems or conflict (Afghanistan,
with an index of 1.21, ranks last). On average,
low-income countries score significantly lower
than middle-income countries.

Nevertheless, index levels show consider-
able dispersion among countries with similar
income levels. Countries where trade has
played a significant role in promoting growth
(for example, Chile, China, India, Malaysia,
South Africa, Thailand, and Vietnam) tend to
score high relative to their income level.
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Figure 2.6 Logistics performance in the world (score on logistics performance index, 2005)
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Vietnam, a low-income country, ranks 53rd
among 150 countries, or slightly above the av-
erage for upper-middle-income countries. In
contrast, countries where growth has been gen-
erated by oil and mineral assets, for example,
Algeria, Bahrain, and Saudi Arabia, score low
relative to income. The absence of a strong

manufacturing sector in these latter countries
tends to reduce the political impetus for the re-
forms that would improve logistics. Ultimately,
countries that achieve high scores on the logis-
tics performance index are those that have
vigorously pursued reforms to improve the ef-
fectiveness of public sector institutions and to

Table 2.9 The quality of logistics services in 2005 varies by income

(score on logistics performance index)

International ~ Logistics  Tracking and Domestic
Overall Customs Infrastructure  shipments  competence tracing logistics costs  Timeliness

Regions (Index)

East Asia and the Pacific 2.58 2.41 2.37 2.64 2.54 2.53 3.04 3.01
Europe and Central Asia 2.59 2.39 2.39 2.61 2.53 2.55 2.97 3.04
Latin America and the Caribbean  2.57 2.38 2.38 2.55 2.52 2.58 2.97 3.02
Middle East and North Africa 2.42 2.24 227 2.44 2.33 2.35 2.95 2.88
Sub-Saharan Africa 2.35 2.21 2.11 2.36 2.33 2.31 2.98 2.77
South Asia 2.30 2.06 2.07 2.28 2.32 2.32 3.12 2.73
Income groups

High-income countries 3.67 3.45 3.66 3.52 3.64 3.71 2.58 4.05
Upper-middle-income countries 2.85 2.64 2.70 2.84 2.80 2.83 2.94 3.31
Lower-middle-income countries 2.47 2.31 2.27 2.48 2.40 2.45 3.01 2.93
Low-income countries 2.29 2.12 2.06 2.32 2.29 2.25 2.99 2.71

Source: Arvis and others 2007.
Note: The maximum score attainable is 5; the minimum is 1.
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encourage the efficiency of private sector insti-
tutions through competition.1#

Among the components of the index, assess-
ments of the quality of infrastructure, the qual-
ity of services, and the ease of customs clear-
ance processes are highly correlated across
countries. In contrast, the cost of services varies
less across countries (with the exception of
markedly high road freight rates in Sub-
Saharan Africa) and thus makes a more limited
contribution to cross-country differences in the
overall index. This highlights the importance of
the speed and reliability of shipping in globally
integrated production networks. Interestingly,
the gap between the best and worst performers
in relation to the overall assessment of the reli-
ability of the supply chain is twice the average
gap across various dimensions of supply chain
performance. The reliability of the supply chain
tends to be determined by its weakest link.

Evaluating overall technological

progress

he preceding sections of this chapter have

discussed technological achievement in de-
veloping countries along three dimensions: sci-
entific innovation and invention, the diffusion
of old technologies, and the diffusion of new
technologies. In this section we calculate sum-
mary indexes of technological achievement
along each of these dimensions, as well as an
overall index that combines these subindexes
with additional information about the extent
to which countries are exposed to technology
through trade and FDI, issues that are dis-
cussed in more detail in chapter 3.

Summary indicators for scientific
innovation and technology
penetration

A statistical approach to summarizing
technological progress

In creating the summary indexes, a statistical
technique, principal components analysis, is
used to combine subindicators in a flexible
manner.! This approach has been widely used
in health economics (Gwatkin and others

2000a, 2000b, 2000c; McKenzie 2003;
Montgomery and others 2000; Vyas and
Kumaranayake 2006), in poverty analysis
(Sricharoen and Buchenrieder 2005), in regu-
latory policy analysis (Nicoletti, Scarpetta,
and Boylaud 1999), in constructing cross-
country measures of capital controls (Chinn
and Ito 2006) and in the analysis of e-readiness
in India (Government of India 2006). It
contrasts with most existing efforts to
construct overall indexes of technological
achievement, which tend to aggregate
subindexes using arbitrary weights with a
weak theoretical or empirical basis, by using
the statistical properties of the underlying data
to determine the weights used in calculating
the summary and overall indexes. Principal
components analysis is used to generate
aggregate indexes at two points in time,
the early 1990s and the early 2000s,'¢ for
scientific innovation and invention, the
penetration of older technologies, and
the penetration of newer technologies. These
summary indexes are then combined with an
index of the extent to which countries are
exposed to foreign technologies (through
trade and FDI), which is developed in
chapter 3, to generate an aggregate index of
technological achievement. Table 2.10 lists the
indicators that are summarized in both the
overall index and each of the summary
subindexes. The technical annex to this
chapter explains the steps taken to calculate
these weights in more detail.

The relationship between technological
achievement and income varies depending
on the dimension observed

Figure 2.7 reports the distribution of the sum-
mary subindex for each of the three dimensions
of technological achievement discussed in this
chapter (the summary index of the extent of ex-
posure to foreign technologies is presented in
chapter 3). A quick glance reinforces the earlier
conclusion that, by and large, developing coun-
tries are not participating in scientific innova-
tion at the technological frontier. Indeed, only a
handful of countries, eight of which are former
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IN DEVELOPING COUNTRIES

Table 2.10 Indicators included in summary indexes of technological achievement

Indicator Measure Source
Scientific innovation and invention
Scientific and technical journal articles population World Development Indicators
Patents granted by the U.S. Patent

and Trademark Office population Lederman and Saenz 2005
Patents granted by the

European Patent Office population Lederman and Saenz 2005

Penetration of older technologies

Group A

Electrical power consumption

International outgoing telephone traffic

Air transport, registered carrier
departures worldwide

Agricultural machinery: tractors

Group B

Main lines

Exports of manufactures
Medium-tech exports

Penetration of recent technologies
Internet users

Personal computers

Cellular subscribers

kilowatt-hours/capita
minutes

% of GDP
per 100 hectares of arable land

per 100 inhabitants
% of merchandise exports
% of merchandise exports

per 1,000 people
per 1,000 people
per 100 inhabitants

World Development Indicators
World Development Indicators

World Development Indicators
World Development Indicators

World Development Indicators
World Development Indicators
CEPII BACI database

World Development Indicators
World Development Indicators
World Development Indicators

Percentage of digital mainlines
High-tech exports

Exposure to external technology

FDI net inflows % of GDP
Royalties and license fee payments % of GDP
Imports of high-tech goods % of GDP
Imports of capital goods % of GDP
Imports of intermediary goods % of GDP

% of total exports

World Development Indicators
CEPII BACI database

World Development Indicators
World Development Indicators
CEPII BACI database
CEPII BACI database
CEPII BACI database

Source: World Bank.

Note: BACI = Banque analytique de commerce internationale, CEPII = Centre d’Etudes Prospectives et d’Informations
Internationales, EPO = European Patent Office, FDI = foreign direct investment, GDP = gross domestic product,

USPTO = United States Patent and Trademark Office.

Soviet bloc countries, have anything like the
same level of at-the-frontier scientific activity
as the high-income countries. While this may
reflect an innate bias in the indicators used
(number of journal citations and patent appli-
cations), the results are consistent with the view
that most technical progress in developing
countries occurs through the adaptation and
adoption of new-to-the-market or new-to-the-
firm technologies rather than through the
creation of new-to-the-world technologies.
Moreover, notwithstanding that some firms—
and even some cities—in developing countries
do participate actively at the technological
frontier, when viewed from the national level,
not even the most advanced developing coun-
tries participate at levels comparable to those
prevalent in high-income countries.

The distribution of technological achieve-
ment across the other indicators (diffusion of
old innovations and of new innovations) is
also skewed toward high-income countries, but
much less so. Thus the intensity with which
upper-middle-income countries exploit both
older and newer technologies is between 50
and 60 percent of the level in high-income
countries. This ratio is between 30 and 40 per-
cent for lower-middle-income countries and is
about 23 percent for low-income countries
(table 2.11). However, the dispersion of the
summary indicator of the penetration of older
technologies within income groups is very
wide. Many low-income countries report
higher utilization rates for older technologies
than do many upper-middle income countries.
This report suggests that other factors—such as

79



EMBARGOED: Not for newswire transmission, posting on websites, or any other media use until 00:01, GMT,
Wednesday January 9, which is 19:01 Tuesday, January 8, EST.

GLOBAL ECONOMIC PROSPECTS 2008

Figure 2.7 Distribution of technological achievement by dimension
Scientific innovation and invention (2000-03)
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Source: World Bank.
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Table 2.11 Technological achievement in
developing countries relative to that in
high-income countries

(percent of level in high-income countries)

Table 2.12 Increase in technological
achievement in developing countries
relative to that in high-income countries
(index, percent increase in high-income countries = 100)

Scientific Penetration  Penetration Scientific Penetration  Penetration
innovation and of older of recent innovation and of older of recent
invention technologies technologies invention technologies technologies
High-income countries 100.0 100.0 100.0 High-income countries 100.0 100.0 100.0
Upper-middle-income Upper-middle-income
countries 3.3 58.4 49.6 countries 191.6 220.8 162.3
Lower-middle-income Lower-middle-income
countries 0.6 41.6 31.8 countries 157.1 251.8 145.8
Low-income countries 0.1 23.7 22.7 Low-income countries 63.7 480.4 411.3

Source: World Bank.

history, effectiveness with which governments
have delivered some public sector technological
services, and past turmoil—may have had a
greater influence than income in explaining the
integration of these technologies into their
economies.!” In contrast, the diffusion of recent
technologies is more correlated with income
and shows both much less variation and less
overlap across income groups. These results are
consistent with the view that nonfinancial im-
pediments to technological diffusion have con-
strained the diffusion of more recent technolo-
gies by less than they have for older ones.

In terms of scientific innovation and inven-
tion, middle-income countries have been catch-
ing up, at least in relative terms, but as already
noted, the gap between them and high-income
countries remains large. In addition, the gap
between most low-income countries and the
technological frontier has widened further
both in relative and in absolute terms.

The story on the diffusion of technology is
more encouraging. On average, in middle-
income countries older technologies are dif-
fusing at 2.5 times the rate as in high-income
countries and more than four times as fast as
in low-income countries (table 2.12). While
this result appears to be robust for middle-
income countries (figure 2.8), the variance is
much higher among low-income countries.
Several low-income countries have recorded
substantial increases in technological progress,
for example Benin, Ghana, and Togo record
more than 100 percent improvements. In many
others, however, progress has been slower

Source: World Bank.

than in high- and middle-income countries,
implying that the technology gap for these
countries is either stable or widening.

Not surprisingly, the most rapid increases in
technological achievement recorded over the
past decade or so are for more recent technolo-
gies, whose starting points are relatively low
even in high-income countries (figure 2.8).
Clear indications of catch-up are evident for
newer technologies, with the penetration rates
in upper-middle-income countries increasing
1.5 times as quickly as in high-income countries.
The pace of increase among low-income coun-
tries was more than four times as rapid, but this
reflects, to a significant degree, very large per-
centage improvements in a few countries that
started off with very low levels. Notwithstand-
ing these caveats, most developing countries are
maintaining pace with high-income countries
and many, especially among the upper-middle-
income countries, are gaining ground.

New technologies are not as diffused as
old technologies, but the gap between
income groups is smaller

Overall, the penetration of recent technologies
in the economic life of developing countries is
less extensive than for older technologies,
which is entirely understandable given the
length of time that has passed since the older
technologies were introduced. Nevertheless,
the gap between countries at different income
levels is not as striking as one might expect.
Many upper-middle-income countries have
achieved levels of technological achievement

IN DEVELOPING COUNTRIES
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Figure 2.8 Increase in summary technological achievement subindexes, 1990s-2000s
Scientific innovation and invention
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Note: Countries are ranked according to the level of technological achievement in 2000.
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similar to those in high-income countries,
and substantial overlap is apparent between
upper- and lower-middle-income countries
and between lower-middle-income and low-
income countries. Interestingly, the clear ad-
vantage countries in Europe and Central Asia
enjoy along other dimensions of technological
achievement is less marked here, with East
Asian countries performing better than might
be expected.

Overall technological achievement

To understand overall technological achieve-
ment, two alternative summary indexes were
generated. The first combines the three sum-
mary subindicators of achievement discussed
earlier, while the second includes an additional

summary indicator that measures the extent to
which economies are using imported technol-
ogy in their production processes. The under-
lying components and their recent evolution
are discussed in more detail in chapter 3 in the
context of the channels by which external
technology is transmitted to developing coun-
tries. These overall summary indexes are cal-
culated using the same basic technique used to
calculate the subindicators (see the technical
annex to this chapter for details), with one
difference: rather than using the raw data as
inputs, the previously calculated summary in-
dicators are used.

Figure 2.9 reports levels of technological
achievement in 2000 according to these two
summary indicators. The country coverage
differs somewhat between the two indexes. To

Technological achievement, excluding external channels
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Figure 2.9 Alternative summary indexes of technological achievement (2000s)
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be included, each country must have data for
all variables, and as additional variables are
added, some countries are lost from the sam-
ple. Reflecting this requirement, only 20 low-
income countries are included in the first
index and 16 in the second, down from 46 in
the case of the subindicator with the best cov-
erage.l8 Although these are relatively diverse
groups of countries, they cannot be considered
representative of all developing countries. Par-
ticular care should be taken in extrapolating
results derived from these countries to all low-
income countries.

Countries with similar income levels can
have very different levels of technological
achievement

While the influence of income on technologi-
cal achievement is well established, consider-
able variation occurs within income groups
(figure 2.10). The top performers within de-
veloping country income groups achieve a
technology rating about equal to that of the
median country in the next highest income

group, and scores for countries at roughly the
same income level show substantial disper-
sion. Overall, the relationship between tech-
nological achievement and income per capita
is nonlinear, with the rise in technological
achievement tending to flatten out for coun-
tries with per capita incomes between $10,000
and $25,000, a group that includes upper-
middle-income countries and some of the less
wealthy high-income countries such as Greece
and Portugal. Countries in Latin America
have weak technology scores given their in-
come levels. Despite the perceived technologi-
cal prowess of countries in East Asia, except
for Malaysia, the highest-scoring country in
the region, the developing countries in the re-
gion do not particularly distinguish them-
selves, in part because technological diffusion
in these countries remains concentrated in a
few urban centers and has not diffused widely
elsewhere.

Focusing only on developing countries in
the second panel of figure 2.10, the correla-
tion with income remains, but the same
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Figure 2.10 Technological achievement rises with income levels
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tendency for a flattening in the relationship is
still observable. For countries in Latin Amer-
ica and the Caribbean, the relationship be-
tween technological achievement and income
per capita flattens out at even lower income
levels, while for countries in Europe and Cen-
tral Asia, the pattern follows more closely that
of the overall sample, which includes high-
income countries. Among developing countries
(excluding those in the Europe and Central
Asia region), technological achievement flat-
tens out at an index level of around 0.15 for
countries with per capita incomes around

$5,500. While not conclusive, these results are
consistent with a view that other factors, such
as technological absorptive capacity (see chap-
ter 3) limit the level of technological achieve-
ment that some developing countries can
attain even as incomes continue to rise.

Technological convergence appears to be
constrained by weak absorptive capacity
in some regions

Figure 2.11 reports values for the two overall
summary indexes at two points in time,
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Figure 2.11 Comparison of levels of technological achievement, early 1990s and early 2000s
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roughly the early 1990s and the early 2000s.
Both indexes offer a broadly consistent view
of technological achievement. They both con-
firm that the absolute size of the increases in
technological progress over the decade is
larger among higher-income countries than
lower-income countries, but that the relative
improvement in developing countries has out-
paced that in high-income countries, implying
that catch-up is occurring.

The extent of apparent catch-up is strongest
when considering the narrower definition of
technological achievement that includes only
scientific inputs and the penetration of old
and new technologies. According to this mea-
sure, low-income countries for which data
are available have shown the largest percent-
age improvement. If changes in the extent to
which countries are making use of external
technologies through imports and FDI are
included, the extent of convergence declines
for all developing country groups except the
upper-middle-income countries. This finding
reflects that high-income countries have also
increased their imports of high-tech goods
and have also benefited technologically from
the operation of technologically sophisticated
foreign-owned firms on their soil. However,
trade may contribute more to technological
improvement in the South than in the North
(Lumenga-Neso, Olarreaga, and Schiff
2005).

Among upper-middle-income countries,
catch-up is particularly strong in Chile, Hun-
gary, and Poland, where the level of techno-
logical achievement rose by more than
125 percent during the 1990s. For most
countries the pace of convergence was much
slower. As indicated earlier, relatively weak
data coverage across low-income countries
makes generalizing about their progress diffi-
cult. Only 16 low-income countries (10 in the
case of the summary index that includes im-
ports of technology and FDI) have sufficient
data for both the early 1990s and the early
2000s to permit an estimate of their rate of
technological progress. Although generaliza-
tions to all low-income countries are not

possible, some commonalities do emerge
from this subsample, namely:

e The absolute increase in the overall
index of technological achievement for
low-income countries is about the same
as for lower-middle-income countries
(and thus the percentage increase in
low-income countries is much greater),
strongly suggesting a catch-up effect
relative to the lower-middle-income
countries (table 2.13).

e The percentage increase in achievement
along the scientific innovation and in-
vention dimension for all eight Sub-
Saharan African countries for which data
are available, along with Bangladesh
and India, lies well below the average
for middle-income countries. Only Viet-
nam approaches the performance of
middle-income countries.

e The picture for the diffusion of old inno-
vations is decidedly more mixed, with 5 of

Table 2.13 Overall technological progress
in absolute and relative terms

Technological
achievement excluding Overall technological
external channels achievement

(Percent change in the index)

High-income 94 77
Upper-middle-income 127 109
Lower-middle-income 137 103
Low-income 227 161
Low-income

(excluding Sudan) 160 124

(Percent change relative
to high-income countries)

High-income 100 100
Upper-middle-income 135 141
Lower-middle-income 146 133
Low-income 241 208
Low-income

(excluding Sudan) 170 160

(Absolute change in the index)

High-income 0.096 0.068
Upper-middle-income 0.057 0.046
Lower-middle-income 0.036 0.028
Low-income 0.024 0.022
Low-income

(excluding Sudan) 0.024 0.022

Source: World Bank.

86



EMBARGOED: Not for newswire transmission, posting on websites, or any other media use until 00:01, GMT,
Wednesday January 9, which is 19:01 Tuesday, January 8, EST.

TECHNOLOGY AND TECHNOLOGICAL DIFFUSION

16 low-income countries showing stagna-
tion or declines in the index between the
early 1990s and early 2000s, while 6
recorded large percentage increases, com-
parable to those displayed by the more
successful middle-income countries.

e Even for the diffusion of recent innova-
tions, where successful examples of mo-
bile phone and Internet diffusion have
been much publicized, only 5 of 25 low-
income countries (Guinea, Mongolia,
Pakistan, Sudan, and Zimbabwe)
achieved increases in the index that
exceeded the middle-income average.
However, low-income countries did in-
crease penetration rates for recent inno-
vations more quickly than high-income
countries.!” Given that new technolo-
gies sometimes substitute for older tech-
nologies, such as mobile phones for
fixed-line telephones, transmission of in-
formation over the Internet for trans-
mission involving travel and telephones,
the previous finding suggests that the
overall pace of convergence in low-
income countries may be accelerating,
particularly as data for 2005 and 2006
suggest continued high growth in the
diffusion of mobile telecommunications
and Internet technologies.2?

Econometric evidence supports the view
that the relationship between income and
technological diffusion follows an S-curve:
technological diffusion is slow at very low
incomes, in part because of difficulties in af-
fording new technologies, in part because low
levels of human capital severely constrain
technological progress. As incomes rise, tech-
nological diffusion increases rapidly, particu-
larly in percentage terms, because of the low
base level. At some level of income, however,
the pace of technological diffusion slows. One
explanation for this slowdown at higher in-
come levels is the slow pace of improvement in
an economy’s ability to absorb new technolo-
gies (its technological adaptive capacity), as
determined by the level of human capital, the

governance structure, and the infrastructure
(Howitt and Mayer-Foulkes 2005; Klenow
and Rodriques-Clare 2004; Lederman and
Saenz 2005). According to this view, technol-
ogy in a country tends to converge toward a
level consistent with the country’s technologi-
cal adaptive capacity. As a result, countries
may experience relatively rapid technological
progress for a period, but may subsequently
stagnate at a given level unless they take steps
to further raise their technological adaptive
capacity. Chapter 3 develops the components
of technological adaptive capacity and de-
scribes trends in developing countries.

Technological diffusion over

the long term
So far, we have emphasized the technological

performance of countries at different in-
come levels over the recent past. Thanks to a
new data set developed by Comin and Hobijn
(2004), we can now analyze the process of
technological diffusion over the longer term.
This data set traces the extent of diffusion of
some 100 technologies in 157 countries dur-
ing the period 1750-2003.2" For each tech-
nology, only countries for which published
data exist are included, implicitly restricting
the sample to countries (and technologies)
where a significant degree of diffusion has
occurred. The data analyzed here are further
restricted to include only those country-
technology pairs (a data set with one country
and data for 7 technologies would have 7
country-technology pairs) where the intensity
of use has reached at least 5 percent of the av-
erage level of the 10 countries with the highest
recorded level of diffusion. Under this restric-
tion, there are 1,181 country-technology
pairs, 699 of which correspond to developing
countries, heavily weighted to technologies
discovered in the late 19th or early 20th
centuries.?2

Two important points emerge from this
analysis. First, the diffusion of technology
across the globe has accelerated over time.
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Table 2.14 Successful diffusion has accelerated

Period technology was initially discovered

Number of countries

Technology 1750-1900 1900-50 1950-75 1975-2000

(years following discovery until technology reached 80 percent of reporting countries)

Transportation
Shipping (steam) 83 21
Shipping (steam motor) 180 57
Rail (passenger) 126 93
Rail (freight) 124 99
Vehicles (private) 96 153
Vehicles (commercial) 63 123
Aviation (passenger) 60 109
Aviation (freight) 60 103
Communications
Telegram 91 77
Telephone 99 156
Radio 69 154
Television 59 156
Cable television 50 98
PC 24 134
Internet use 23 151
Mobile phone 16 150
Manufacturing
Spindle (ring) 111 50
Steel (open hearth furnace) 125 50
Electrification 78 155
Steel (electric arc furnace) 92 91
Synthetic textiles 36 75
Medical (OECD only)
Cataract surgery 251 19
X-ray 93 27
Dialysis 33 29
Mammography 33 18
Liver transplant 28 29
Heart transplant 28 27
Computerized axial

tomography (CAT) scan 18 29
Lithotriptor 15 26
Average (excluding medical) 106.9 60.9 23.5 16.0
Average (including medical) 118.9 61.3 25.7 15.5

Source: Calculations from CHAT database (Comin and Hobijn 2004).

Table 2.14 reports, for several old and new
technologies, the number of years that elapsed
between the discovery of the technology and
the time it reached 80 percent of the countries
currently reporting data for that technology.??
The acceleration in the pace at which tech-
nologies spread across countries is particularly

striking in the communications field, for
which data are relatively good and country
coverage is extensive. Thus telephone and
telegram services were invented in the middle
of the 19th century, and more than 90 years
passed before those services reached 80 per-
cent of the countries that currently report data
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Table 2.15 The pace at which technology diffuses has picked up among

successful adaptors

1800-99 1900-50 1950-75 1975-2000
Threshold Threshold Threshold Threshold
5% 25% 5% 25% 5% 25% 5% 25%
(years from discovery until threshold reached)
Regions
East Asia and the Pacific 60 69 23 28 18 21
Europe and Central Asia 91 117 47 57 25 30 18 21
Latin America and the Caribbean 71 105 54 72 30 35 18 21
Middle East and North Africa 97 118 58 67 25 29 18 21
South Asia 52 62 — — — —
Sub-Saharan Africa 85 109 56 69 — — 18 21
Income groups
High-income OECD countries 63 91 46 60 20 24 13 17
Other high-income countries 95 112 57 65 20 25 15 18
Upper-middle income countries 83 110 51 64 26 31 18 21
Lower-middle-income countries 86 114 57 69 — — 20 22
Low-income countries 56 68 — —
World 76 102 52 65 22 26 16 19
Developing countries 84 111 54 67 26 31 18 21

Source: World Bank calculations using the CHAT database (Comin and Hobijn 2004).
Note: The sample is restricted to only those 567 country-technology pairings where the 25 percent threshold was reached and
that were below 10 percent when they appeared in the database; — = no data.

for them. In contrast, mobile phones, comput-
ers, and cable television reached 80 percent of
the countries that currently report data in less
than 25 years. The same sort of acceleration
can be observed for the dissemination of
transportation, manufacturing, and medical
technology.

Second, and consistent with the first point,
technological diffusion appears to accelerate
above a certain threshold. Table 2.15 consid-
ers only those country-technology pairs that
have reached a level of penetration equal to
25 percent of the average level observed in the
10 countries where the technology is employed
most intensively. Looking at the results for the
world as a whole, the amount of time required
to go from the 5 percent level to the 25 percent
level (averaged across country-technology
pairs) is much smaller than the time required
to reach the 5 percent level. For example, in
the first half of the 20th century, for a technol-
ogy to reach the 5 percent threshold took, on
average, 52 years, but only an additional 13

years to reach 25 percent. Moreover, the pace
of acceleration has increased over time. For
technologies introduced since 1975, a group
dominated by electronics and information
technologies, on average, it took 16 years from
its invention for a technology to reach the 5
percent threshold in a given country, but only
another 3 years to reach the 25 percent thresh-
old. Although the pace of diffusion was some-
what slower in developing countries than in
high-income countries, it too follows the same
pattern. Because table 2.15 excludes country-
technology pairs where the 5 percent threshold
has been reached, but not the 25 percent
threshold, the recorded diffusion times are
probably lower-bound estimates.?* This pat-
tern is consistent with the existence of signifi-
cant economies of scale and barriers to entry
among these technologies, such that once the
barriers are overcome and the technology is in
place, scaling up occurs relatively quickly.
While diffusion has occurred relatively
rapidly among successful diffusers, successful
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Table 2.16 Slow diffusion means that many developing countries never reach the 25 or

50 percent threshold

1800s

Threshold
5% 25% 50%

1900-50 1950-75 1975-2000

Threshold Threshold Threshold
5% 25% 50% 5% 25% 50% 5% 25% 50%

(number of country-technology pairs that have reached threshold)

Regions

East Asia and the Pacific 18 0 0
Europe and Central Asia 56 19 6
Latin America and the Caribbean 80 11 1
Middle East and North Africa 28 4 1
South Asia 7 0 0
Sub-Saharan Africa 27 4 0
Income groups

High-income OECD countries 150 114 75
Other high-income countries 25 16 7
Upper-middle-income countries 90 30 6
Lower-middle-income countries 109 8 2
Low-income countries 17 0 0
Total number of country-technology pairs

World 391 168 90
Developing countries 216 38 8

38 9 3 7 2 1 6 2 0
47 23 6 40 18 3 23 13 6
95 34 8 31 3 0 19 4 0
44 16 6 9 1 0 6 2 0
11 3 3 0 0 0 1 0 0
83 21 8 11 0 0 12 3 0
134 93 55 9% 87 75 28 26 23
28 23 14 14 10 8 7 6 6
112 53 16 61 24 4 29 19 6
130 38 12 33 0 0 33 N 0
76 15 6 4 0 0 5 0 0

480 222 103 208 121 87 102 56 35
318 106 34 98 24 4 67 24 6

Source: World Bank calculations using the CHAT database (Comin and Hobijn 2004).
Note: Sample restricted to only those 1951 country-technology pairings that were below 10 percent when they appeared

in the database.

diffusion is the exception rather than the rule.
For example, of 102 country-technology
pairings first recorded in 1975-2000, only 56
(55 percent) have reached the 25 percent
threshold and only about 35 (34 percent) have
reached the 50 percent threshold (table 2.16).
For developing countries, the pace (and ex-
tent) of diffusion is significantly slower
(lower) than in high-income countries, with
only 24 (36 percent) developing countries hav-
ing reached the 25 percent threshold and only
6 (9 percent) having reached the 50 percent
threshold. This slower diffusion is true even
for extremely old technologies, a result consis-
tent with the idea that affordability and com-
petency issues are binding constraints on the
further diffusion of technologies in these
countries. This result is broadly consistent
with the observation that for some groups of
countries, overall technological achievement
appears to stop increasing after a given level is
reached, and many developing countries may
thus face severe barriers to achieving acceler-
ated technological progress.

Slow diffusion within countries reflects

a nonlinear process

As noted earlier, the surprisingly low level of
overall technological achievement in countries
such as China and India contrasts with popular
perceptions, which are based on the relative
technological sophistication of some of the two
countries’ major cities and trading centers.
However, the same kind of technological diver-
sity observed across countries is visible within
countries as well (see box 2.9 for the case of
India). For example, although one might have
expected India to have scored substantially bet-
ter than many Sub-Saharan African countries
in overall technological diffusion, in fact, it
does not. Several technologically advanced
cities in India notwithstanding, technologies
have not penetrated deeply in many parts of the
Indian countryside. Here the challenge is to put
in place a basic infrastructure in the country-
side that can support the kind of sophisticated
technologies that the elites in the country are
capable of supporting. As one observer put it,
an energy technology revolution must precede
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any information technology revolution (Fried-
man 2007). The rise in China’s index of diffu-
sion of new technologies is almost double that
of India, in part because the more technologi-
cally backward regions in China have made
progress in closing the gap with the more tech-
nologically advanced regions on the coast (Jef-
ferson, Rawski, and Zhang 2007).

The technology employed by firms within
sectors in individual countries also exhibits
tremendous variation. In India, most firms,

especially small ones, tend to use low levels of
technology, and only a few operate near the
national technological frontier. In most sectors,
productivity at the national technological fron-
tier is about five times the mean level for all
firms (Dutz 2007). For small formal enter-
prises, average productivity is even lower:
about one-sixth of the level at the technological
frontier for each sector and only one-eighth
that of top local performers. Smaller informal
enterprises are likely to be even less productive.
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The skewed distribution of enterprise produc-
tivity implies potentially huge productivity and
output increases are possible, if already existing
within-country knowledge were to diffuse from
top performers to the rest of the economy.
Assuming that domestic competencies were
available (or created) to efficiently use the tech-
nologies employed by enterprises at the na-
tional frontier, Indian GDP could be 4.8 times
higher if those technologies were successfully
applied by their less productive rivals. Similarly,
in Brazil, the productivity of innovative firms
with more than 10 employees, which account
for 26 percent of total sales, is, on average,
6.5 times higher than that of similarly sized
firms classified as weakly innovative (which
account for 11 percent of sales, but 38 per per-
cent of employment).

Conclusion

1 told, the evidence reviewed in this chap-

ter suggests that for most developing coun-
tries technological progress is mainly a process
of adaptation and adoption of technologies
from abroad rather than the creation of new-
to-the-world technologies. The pace of technol-
ogy dissemination across countries has picked
up considerably over the past 100 years, and
most technologies are available at some level in
most countries, but the extent to which tech-
nologies are available differs enormously.
Many developing countries made progress in
closing the technology gap with advanced
countries during the 1990s. However, despite
more rapid improvement in technological
achievement among the poorest countries,
enormous gaps in technological achievement
remain. Even upper-middle-income countries
have less than one-third of the level of TFP of
high-income OECD countries, and low-income
countries have only 7 percent. The gap in TFP
levels between high-income countries and Latin
America and the Caribbean, the Middle East
and North Africa, and Sub-Saharan Africa has
widened since 1990. Moreover, the gap be-
tween major centers and lesser cities and rural
economies remains large even in the most suc-
cessful countries.

At the same time, income is not the only
determinant of technological progress. Al-
though innovation at the technological frontier
(as measured by patents and scientific journal
articles) drops off quite sharply as income lev-
els decline across countries, considerable over-
lap among income groups exists in the extent
of diffusion of old technologies. Thus the most
advanced middle-income countries demon-
strate greater technological achievement in old
technologies than the least sophisticated high-
income countries, while the more advanced
low-income countries rate higher than the
lowest-ranking middle-income countries.

The technological gap between high-
income and developing countries is more pro-
nounced for new technologies; however, many
developing countries are acquiring new tech-
nologies at a more rapid pace than older tech-
nologies. Given that some new technologies,
such as mobile phones and to some extent
computers, are substitutes for old technolo-
gies, the rapid diffusion of new technologies
holds promise for a substantial, widespread
advance in technological achievement. This
progress likely reflects several factors: the re-
duction of regulatory constraints on economic
activity that has occurred over the past
15 years in many developing countries; the en-
abling of private sector investors, who are free
of local government budget constraints), to
take the lead in implanting many of these tech-
nologies; the growing incomes in developing
countries that have improved the affordability
of new technologies; and the improvements in
the technological absorptive capacity of devel-
oping countries and the increased exposure to
international technology through trade flows,
FDI, and a growing international diaspora.
This last issue is the subject of chapter 3.

Technical Annex: Construction

of the summary indexes
he summary indexes, the overall index of
technological achievement, and the tech-
nological adaptive capacity index reported in
chapter 3 were calculated by aggregating some
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34 separate variables, with the weights used in
the aggregation calculated by principal compo-
nents analysis (see below). This approach
distinguishes these indexes from most of those
reported in the literature, which even though
they are based on similar underlying base data,
use arbitrary weighting schemes with limited
theoretical or empirical bases (see Archibugi
and Coco 2005 for a review).

A number of existing measures of technolog-
ical achievement or technological progress em-
phasize inputs into technological advancement
(numbers of scientists and engineers, R&D ex-
penditure, or levels of R&D personnel), includ-
ing, in some cases, even more indirect inputs,
such as the general level of education of the pop-
ulation and governance factors that facilitate
the absorption of technology (see, for instance,
UNCTAD 2005). Other measures focus on out-
puts, that is, on indicators of technological
performance, such as the shares of high-tech in-
dustries in exports and in manufacturing value
added (UNIDO 2002). Still others focus more
on the mechanisms by which technological
progress is achieved (Sagasti 2003) or techno-
logical learning occurs (Soubattina 2006). A
noncomprehensive list of prominent technology
indicators includes the following:

e The index of innovation capability is
published by the United Nations Confer-
ence on Trade and Development (UNC-
TAD 2005) and consists of an un-
weighted average of an index of human
capital (calculated as a weighted average
of tertiary and secondary school enroll-
ment rates and the literacy rate) and a
technological activity index (calculated
as an unweighted average of three indi-
cators: R&D personnel, U.S. patents
granted, and scientific publications, all
per million population).

e The index of competitive industrial per-
formance is published by the United
Nations Industrial Development Orga-
nization (UNIDO 2002) and is calcu-
lated as a simple average of four basic
indicators: manufacturing value added

per capita, manufactured exports per
capita, share of medium- and high-tech
activities in manufacturing value added,
and share of medium- and high-tech
products in manufactured exports;

e The technology achievement index is
published by the United Nations Develop-
ment Programme (UNDP 2001) and com-
bines (a) the indicators of human skills
(mean years of schooling in the popula-
tion age 15 and older and enrollment ratio
for tertiary-level science programs); (b) the
diffusion of old innovations (electricity
consumption per capita and telephones
per capita) and of recent innovations (In-
ternet hosts per capita and high- and
medium-tech exports as a share of all ex-
ports); and (c) the creation of technology
(patents granted to residents per capita
and receipts of royalties and license fees
from abroad). The index is constructed as
simple averages of these indicators within
subgroups and then across groups.

e The national innovative capacity index
(Porter and Stern 2003) focuses on gov-
ernment- and firm-level policies associ-
ated with successful innovation. It is com-
posed of four subindexes: proportion of
scientists and engineers in the population,
innovation policy, innovation linkages
and what they call the cluster innovation
environment. The overall index is calcu-
lated as an unweighted sum of the four
subindexes, but the weights assigned to
each indicator in the subindexes are de-
termined by the coefficients obtained
from a regression of the number of U.S.
Patent and Trademark Office patents on
the relevant indicators controlling for
total population, the proportion of scien-
tists and engineers employed, and the
stock of international patents generated
by the country between 1985 and 1994.

Estimating weights for variables

using principal components
All the measures discussed above assign
essentially arbitrary weights to the different
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indicators included in the indexes, or in the case
of regression analysis, use weights derived from
specific assumptions about functional forms
and the data generating process. This report has
followed a statistical approach, principal com-
ponents analysis, to weighting variables. This
approach is widely used in health economics
(Gwatkin and others 2000a, 2000b, 2000c;
McKenzie 2003; Montgomery and others 2000;
Yvas and Kumaranayake 2006) and in poverty
analysis (Sricharoen and Buchenrieder 2005). It
has also been used in regulatory policy analysis
(Nicoletti, Scarpetta, and Boylaud 1999) and in
construction of cross country measures of capi-
tal controls (Chinn and Ito 2006). Most recently
in the technology field, it has been used in a gov-
ernment of India study of e-readiness (Govern-
ment of India 2006). Principal components
analysis permits the calculation of weights for
each indicator included in the overall index in an
objective manner, with the weights being deter-
mined by the data—not by subjective judgment.

Principal components analysis is a statistical
technique for reducing the dimensionality of
data, thereby summarizing the informational
content in a large set of data by calculating or-
thogonal linear combinations of the original
data series. Essentially, it is a procedure that
helps to reduce the number of variables in the
analysis by calculating combinations of the un-
derlying series that contain most of the informa-
tion in the larger data set. It involves an exami-
nation of the correlation matrix for the variables
and the extraction of the principal components
of the data obtained from the eigenvectors of the
correlation matrix whose eigenvalues are largest.

Intuitively, the procedure followed here is
akin to an unobserved variable problem. It is
assumed that there is some unobserved vari-
able called T (technology), and that this
variable is correlated with a number of other
variables (X), such as R&D expenditures,
share of high-tech goods in total manufactur-
ing, and so on. These correlated variables are
grouped together into a single data set and the
eigenvalues of its correlation matrix are exam-
ined to identify a limited number of linear
combinations (principal components) of the

originating data that explain most of the vari-
ance in the original data set (at the limit, if all
the eigenvalues were used, all the variance
would be explained).

The first principal component is the linear
combination of the underlying data that ac-
counts for the largest amount of variability in
the sample, the second principal component is
the one that accounts for the next largest
amount of variance, and so on successively
until all the variance is explained. All compo-
nents are orthogonal to (uncorrelated with)
each other; therefore each can be interpreted
as an underlying force (visible in varying
degrees in each original variable). By selecting
the n eigenvectors that explain a large share of
the total variance, the overall dimensionality
of the data set can be reduced to n.

It is assumed that the main correlate in the
underlying data reflects some form of techno-
logy and therefore that the principal compo-
nents can be used as an index of technology. This
is essentially the same process as taking a simple
average of several indicators, but with the
attached weights being determined by the data
rather than being imposed by the researcher.

As a large set of indicators are used that
reflects a wide array of country characteris-
tics, more than one principal component is re-
quired to adequately capture the information
in the overall data set. One approach would
be to calculate each of these purely data-
driven, but necessarily arbitrary, components
and use them to calculate the overall index.
An alternative approach that uses a multistage
procedure and subdivides the data into groups
that are economically or statistically highly
correlated or both was adopted. A principal
components analysis on these subgroups can
be used to create a subindex for those vari-
ables, which can then be used in a second
stage to calculate an overall summary index.

Two methodologies for determining the
subgroups were employed. The first was based
on an ex ante grouping of the indicators fol-
lowing an economic rationale, and the second
consisted of an ex post grouping of indicators
based on an analysis of the correlation matrix
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and a graphical analysis of component loadings
to identify groups of indicators that are highly
correlated with each other. Because the overall
technological achievement indexes obtained by
these two methodologies are very similar, with
correlation coefficients of 0.99, the remainder
of the discussion is limited to the results ob-
tained from the ex ante grouping given its more
straightforward economic interpretation.

Data preparation

To maximize the economic comparability of
the underlying cross-county data, all data
were scaled, that is, expressed as a percentage
of population, a percentage of GDP, a
percentage of exports or imports, or a per-
centage of arable land, as relevant. So
researchers could minimize the influence of
outliers and one-off events, the scaled data
were averaged over two time periods for each
country: 1990-93 and 2000-03.2° All data

were converted into an index bound between

IN DEVELOPING COUNTRIES

0 and 1 by subtracting from each variable the
minimum observed value in the sample
(across countries and time periods) and divid-
ing by the difference between the maximum
value in the sample and the minimum value.2®
Hence the value for indicator j for country i
and time ¢ is given by

Xy = (Xi/'t — Min Xl') (Max Xi — Min Xf)

Applying principal components
analysis to technology

For the purposes of this study, 34 variables were
identified that bore an ex ante relationship with
technology and for which adequate country
coverage existed over the 1990-2006 period to
support the calculation of two indexes, one for
the early 1990s and the second for the early
2000s. The variables related to technological
achievement and their sources are reported in
table A2.1 and those related to technological
absorptive capacity are reported in table A2.2.

Table A2.1 Indicators used to calculate the summary indexes and overall index related

to technological achievement

Scientific innovation and invention
Scientific and technical journal articles by population

Patents granted by the United States Patent and Trademark Office by population
Patents granted by the European Patent Office by population

Penetration of older technologies
Electrical Power Consumption kilowatt-hours/capita

International outgoing telephone traffic percent of GDP per 1,000 people

Main lines per 100 inhabitants

Air transport, registered carrier departures worldwide percent of GDP per 1,000 people
Agricultural machinery: tractors per 100 hectares of arable land
Exports of manufactures percent of merchandise exports

Medium-tech exports percent of total exports

Penetration of recent technologies
Internet users per 1,000 people
Personal computers per 1,000 people
Cellular subscribers per 100 inhabitants
Percentage of digital mainlines
High-tech exports percent of total exports

Exposure to external technology
FDI net inflows percentage of GDP
Royalties and license fee payments percent of GDP
Imports of high-tech goods percent of GDP
Imports of capital goods percent of GDP
Imports of intermediary goods percent of GDP

World Development Indicators
Lederman and Saenz 2005
Lederman and Saenz 2005

World Development Indicators
World Development Indicators
World Development Indicators
World Development Indicators
World Development Indicators
World Development Indicators
CEPII BACI database

World Development Indicators
World Development Indicators
World Development Indicators
World Development Indicators
CEPII BACI database

World Development Indicators
World Development Indicators
CEPII BACI database
CEPII BACI database
CEPII BACI database

Source: World Bank.

Note: BACI = Banque analytique de commerce internationale, CEPII = Centre d’Etudes Prospectives et d’Informations Interna-
tionales, EPO = European Patent Office, FDI = foreign direct investment, GDP = gross domestic product, USPTO = United

States Patent and Trademark Office.
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Table A2.2 Indicators used to calculate the summary indexes and overall index

of technological absorptive capacity

Macroeconomic environment
General government balance as percentage of GDP
Annual CPI inflation rate
Real exchange rate volatilty

Financial structure and intermediation
Liquid liabilities percent of GDP
Private credit percent of GDP
Financial system deposits percent of GDP

Human capital

Primary educational attainment percent of population aged 15 and over
Secondary educational attainment percent of population aged 15 and over
Tertiary educational attainment percent of population aged 15 and over

Governance
Voice and accountability
Political stability
Government effectiveness
Regulatory quality
Rule of law
Control of corruption

IMF/WEQ and World Bank
Thomson Datastream and World Bank
J.P. Morgan, IMF and World Bank

Beck, Demirgii¢-Kunt, and Levine 2000
Beck, Demirgii¢-Kunt, and Levine 2000
Beck, Demirgii¢-Kunt, and Levine 2000

Barro and Lee 2000
Barro and Lee 2000
Barro and Lee 2000

Kaufmann, Kraay, and Mastruzzi 2007
Kaufmann, Kraay, and Mastruzzi 2007
Kaufmann, Kraay, and Mastruzzi 2007
Kaufmann, Kraay, and Mastruzzi 2007
Kaufmann, Kraay, and Mastruzzi 2007
Kaufmann, Kraay, and Mastruzzi 2007

Source: World Bank.

An initial analysis of the two data sets
revealed the existence of two principal
components that explained 10 percent or more
of the overall variance and three eigenvalues
that exceeded 1—a widely used rule of thumb
for determining the underlying dimensionality
of a data set—in each of the data sets being
used (tables A2.3 and A2.4). Bartlett’s test for
sphericity confirms that the basic indicators are
correlated for both indexes, which confirms
the meaningfulness of applying principal com-

Table A2.3 Share of total variance explained
by principal components, technological
achievement index

ponents analysis to this data. The Chi-square
statistics are 1,520.88 (p-value of 0.00) and
1,572.10 (p-value of 0.00), respectively. Those
statistics indicate a strong rejection of the null
hypothesis that variables are not correlated.
Subsequently, as outlined earlier, principal
components analysis was performed on ex ante
economically motivated subgroups of the data
for each summary index. In most cases, the first
principal component from these subgroupings
explained more than 60 percent of the total

Table A2.4 Share of total variance explained
by principal components, technological
absorptive capacity index

Technological achievement index (2000-03)

Technological absorptive capacity index (2000-03)

Cumulative
Share of share of
Component  Eigenvalues  variance explained  variance explained

Cumulative
Share of share of
Component  Eigenvalues  variance explained  variance explained

1 9.91 0.52 0.52
2 3.59 0.19 0.71
3 1.49 0.08 0.79
4 0.92 0.05 0.84
5 0.85 0.04 0.88
19 0.00 0.00 1.00

1 8.76 0.58 0.58
2 1.95 0.13 0.71
3 1.27 0.09 0.80
4 0.89 0.06 0.86
N 0.66 0.04 0.90
15 0.01 0.00 1.00

Bartlett’s test: Chi-sq (171) 1520.88 (p-value 0.00)

Bartlett’s test: Chi-sq (105) 1572.09 (p-value 0.00)

Source: World Bank.

Source: World Bank.
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variance for the subgroup,?’ suggesting that it Indicators of the penetration of old tech-
adequately summarized the information in the ~ nologies constitute a notable exception. When
overall grouping (table A2.5). Bartlett’s test  all seven indicators were included, two eigen-
for sphericity rejects the null hypothesis of no  values exceeded unity. In addition, while the
correlation between variables in all cases at the  first principal component explained 55 percent
1 percent level. of the variance, the second component

Table A2.5 Share of total variance explained by principal components for each sub-group
of indicators

Technological achievement index (2000-03)

Cumulative Cumulative
Share of share of Share of share of

Component  Eigenvalues  variance explained  variance explained Component  Eigenvalues  variance explained  variance explained
Scientific invention and innovation Penetration of old innovations

1 1.49 0.75 0.75 1 1.46 0.73 0.73

2 0.51 0.25 1.00 2 0.54 0.27 1.00
Bartlett’s test: Chi-sq (1) 126.58 (p-value 0.00) Bartlett’s test:  Chi-sq (1) 26.32 (p-value 0.00)
Penetration of recent innovations Exposure to external technology

1 3.28 0.66 0.66 1 3.43 0.69 0.69

2 0.92 0.18 0.84 2 0.80 0.16 0.85

3 0.57 0.11 0.95 3 0.54 0.11 0.96

4 0.19 0.04 0.99 4 0.22 0.04 1.00

5 0.08 0.01 1.00 N 0.01 0.00 1.00
Bartlett’s test: Chi-sq (10) 605.16 (p-value 0.00) Bartlett’s test: Chi-sq (10) 250.32 (p-value 0.00)

Technological absorptive capacity index (2000-03)

Cumulative Cumulative
Share of share of Share of share of

Component  Eigenvalues  variance explained  variance explained Component  Eigenvalues  variance explained  variance explained
Human capital Macroeconomic environment

1 1.87 0.62 0.62 1 2.36 0.79 0.79

2 0.77 0.26 0.88 2 0.55 0.18 0.97

3 0.37 0.12 1.00 3 0.09 0.03 1.00
Bartlett’s test: Chi-sq (3) 47.16 (p-value 0.00) Bartlett’s test:  Chi-sq (3) 25.53 (p-value 0.00)
Governance Financial structure and intermediation

1 5.30 0.88 0.88 1 2.69 0.90 0.90

2 0.33 0.05 0.93 2 0.30 0.09 0.99

3 0.23 0.04 0.97 3 0.02 0.01 1.00

4 0.09 0.02 0.99

5 0.03 0.01 1.00 Bartlett’s test:  Chi-sq (3) 633.96 (p-value 0.00)

6 0.02 0.00 1.00

Bartlett’s test: Chi-sq (15) 2077.61 (p-value 0.00)

Source: World Bank.

97



EMBARGOED: Not for newswire transmission, posting on websites, or any other media use until 00:01, GMT,
Wednesday January 9, which is 19:01 Tuesday, January 8, EST.

GLOBAL ECONOMIC PROSPECTS 2008

accounted for a non-negligible 22 percent of
the variance. The group was therefore further
divided into two subgroups: industrialization
and penetration of other old innovations. For
each subgroup only the first principal compo-
nent presented an eigenvalue greater than 1
and accounted for more than 70 percent of the
variance in both instances. Subsequently, an-
other stage of principal component analysis
was performed to calculate an aggregate
subindex for the penetration of old innova-
tions, and the results are presented in the table
A2.9 on the following page.28 The overall con-
clusions obtained do not change substantially
when the two groups are entered separately
into the overall technological achievement

Table A2.6 Factor loadings and variable
weights for technological achievement
subgroups (2000-03)

Factor Variable
loadings weights (%)

Scientific innovation and development

Patents 0.7071 68.42
Scientific and technical articles 0.7071 31.58
Penetration of old innovations
Industrialization 0.7071 67.43
Main telephone lines per 100
inhabitants 0.5815 30.82
Exports of manufactures 0.5597 42.67
Exports of medium-tech goods 0.5904 26.51
Other old innovations 0.7071 32.57
Electric power 0.4067 32.66
International telephone traffic 0.5137 21.00
Air transport 0.5396 20.06
Agricultural machinery 0.5288 26.28
Penetration of recent innovations
Internet users 0.5282 25.45
Personal computers 0.5214 24.52
Cellular subscribers 0.5060 28.25
Percentage of digital mainlines 0.1846 6.39
Exports of high-tech goods 0.3987 15.40
Exposure to external technology
Net FDI inflows 0.4969 28.55
Royalties and license fee payments 0.4384 16.35
Imports of high-tech goods 0.4624 17.59
Imports of capital goods 0.4914 28.20
Imports of intermediary goods 0.3248 9.30

Source: World Bank.
Note: FDI = foreign direct investment.

index (rather than combined into one
subindex).2?

As expected, the principal components
analysis assigned each subindex unequal
weights in the overall index. Table A2.6 sum-
marizes the weights assigned to each indica-
tor series in the summary subindex of
technological achievement for each of the
economic variables. Table A2.7 reports the
same data for the components used to calcu-
late the overall index of technological
absorptive capacity.

In a second stage, we conducted a princi-
pal components analysis on the subindexes.
In the case of the technological achievement
and the technological absorptive capacity
indexes, the first principal component explained
79 percent and 65 percent, respectively, of the
overall variance (table A2.8), suggesting that
the first eigenvector of the correlation matrix
provided a satisfactory summary of the infor-
mation included in each of the subindexes.

Table A2.7 Factor loadings and variable
weights for technological absorptive
capacity subgroups (2000-03)

Factor Variable
loadings weights (%)

Human capital
Primary educational attainment 0.4648 24.92
Secondary educational attainment 0.6153 39.27
Tertiary educational attainment 0.6367 35.82
Governance
Voice and accountability 0.3918 19.14
Political stability 0.3760 15.42
Government effectiveness 0.4224 17.98
Regulatory quality 0.4140 11.85
Rule of law 0.4250 18.39
Control of corruption 0.4179 17.22
Macroeconomic stability
General government balance 0.4990 28.95
Annual consumer price index

inflation rate 0.6100 34.40
Real exchange rate volatility 0.6156 36.66
Financial structure and intermediation
Liquid liabilities 0.5910 30.79
Private credit 0.5424 38.58
Financial system deposits 0.5971 30.63

Source: World Bank.
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Table A2.8 Share of total variance
explained by main principal components
of technological achievement and
technological absorptive capacity using
the sub-indexes (2000-03)

Share of Cumulative share of
Component  Eigenvalues  variance explained  variance explained

Technological achievement

1 3.17 0.79 0.79
2 0.60 0.15 0.94
3 0.14 0.04 0.98
4 0.09 0.02 1.00

Bartlett’s test: Chi-sq (6) 332.49 (p-value 0.00)

Technological absorptive capacity

1 2.61 0.65 0.65
2 0.80 0.20 0.85
3 0.32 0.08 0.93
4 0.27 0.07 1.00

Bartlett’s test: Chi-sq (6) 138.31 (p-value 0.00)

Source: World Bank.

Table A2.9 reports the implicit weights at-
tached to each subindex in the two summary
indexes.

A similar process was undertaken, with
similar results, for the data from the 1990s. In
calculating the percentage changes in each
subindex and in the overall index, the factor
loadings from the 2000s estimation procedure
were used to ensure comparability of the data
sets.

Table A2.9 Factor loadings and variable weights obtained from second-stage principal

components analysis (2000-03)

IN DEVELOPING COUNTRIES

Scientific innovation Penetration of old Penetration of Exposure to

and invention innovations recent innovations external technology

Technological achievement

Factor loadings 0.5272 0.5404 0.4409 0.4855
Subindex weights (%) 21.74 23.99 34.79 19.48

Financial structure

Human capital Governance Macroeconomic environment and intermediation
Technological absorptive capacity
Factor loadings 0.5392 0.5579 0.3493 0.5254
Subindex weights (%) 25.29 36.98 10.66 27.06

Source: World Bank.

Notes

1. TFP simply measures all influences on GDP
growth other than increases in capital and labor. Thus
changes in TFP could reflect changes in the composi-
tion of output (for example, a shift from agriculture to
manufacturing), changes in the quality of labor or cap-
ital not reflected in the data (for example, education
levels), or any other variable that is an important de-
terminant of growth but whose influence is not explic-
itly accounted for in growth equations.

2. See http://www.itto.or.jp/live/PageDisplay
Handler?pageld=217&id=280.

3. See, for example, Haskel and Slaughter (2002)
and Krugman (2000). The rise in the global supply of

goods produced by unskilled and semiskilled labor, and
the influx of low-skilled immigrants, are also cited as
contributing to earnings inequality in high-income
countries.

4. This is an important conclusion of Global Eco-
nomic Prospects 2007. Although intercountry inequal-
ity (where each country is accorded equal weight) has
worsened, weighting country observations by popula-
tion shows an improvement in income distribution.
Taking into account within-country inequality, global
inequality has remained roughly constant since the late
1980s.

5. Anecdotal evidence indicates that access to
mobile phones improved returns to producers at the
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expense of middlemen for fishermen in Porto da
Manga, Brazil, and Moree, Ghana, and for farmers in a
wholesale market in Sri Lanka (de Silva and Zainudeen
2007). The advent of the Internet and automated teller
machines had a similar effect in the United States, over-
coming the anticompetitive effects of state banking reg-
ulation and strong lobbying in state legislatures.

6. The focus on patents and scientific publications re-
flects academic research on technology. Patents have the
advantage of being more clearly associated with
processes rather than products (by definition, a patent is
not granted on a product, but rather on the method by
which it is produced). The disadvantage is that patents
exclude a number of important forms of innovation, no-
tably software (until recently) and processes for manag-
ing multinational production and distribution networks.

7. The definition of a high-tech export used here
includes products with high R&D intensity, such as
aerospace-related items, computers, pharmaceuticals,
scientific instruments, and electrical machinery. As
such, it excludes a number of services such as software
engineering that may, by their nature, be even more
technologically intensive.

8. For example, the correlation coefficient of the
share of high-tech exports in total foreign sales with
adult literacy was 43 percent in 2005 and with
expected years of schooling was 22 percent.

9. Regional and income group data in table 2.7 are
weighted averages of individual countries, with the
weights given by their populations. The simple
averages cited in the text give equal weight to every
country independent of the size of its population.

10. The core technology for the Internet can trace
its history back to the early 1960s and a network
developed by the U.S. Defense Department’s Advanced
Research Projects Agency. However, the Internet as it is
understood by most people today—the World Wide
Web and HTML web pages—was first introduced in
the early 1990s, with the first web browser, Mosaic,
being released in 1993.

11. According to the Cellular Operators Associa-
tion of India, the country had more than 121 million
subscribers in March 2007.

12. For example, South Africa is beginning to at-
tract companies for business process outsourcing. One
British executive (Ranger 2006) noted that his
U.K. customers were more comfortable with the South
African accent than with the Indian accent and cited
the advantages of working at similar times as the par-
ent company.

13. A 2005 report from Gartner Inc. stated that
India had captured 80 to 90 percent of total offshore
outsourcing revenue (Tucci 2005).

14. The scores in large countries may be biased,
better reflecting the scores in coastal trading cities and

less the score in the interior. Thus the Russian Federa-
tion’s weak overall score in comparison with China’s
may be explained by the relative absence of large port
cities close to major Russian manufacturing centers,
whereas in China, port cities and manufacturing cen-
ters tend to be in close proximity.

15. Principal components analysis involves exam-
ining the eigenvectors of the correlation matrix of a
set of related data and extracting from it a weighting
scheme that describes as much of the information con-
tained within the data set as possible using a mini-
mum number of orthogonal linear combinations of
the original data. By construction, a data set that con-
sists of 100 series will have 100 of these eigenvectors
that fully describe all the information in the data set.
However, the first five of these eigenvectors (five dif-
ferent linear combinations of the initial 100 series)
may describe 90 percent of the total variance. In such
a case, principal components analysis would involve
calculating an overall index based on these five
subindexes. In a two- or three-stage procedure such as
the one used here, the data are divided into subgroups
either based on the ex ante characteristics of the
subindexes or on the basis of statistical correlations.
Then a separate principal components analysis is done
on each of these subindexes, which are subsequently
combined in a second or third round to determine the
overall index.

16. To minimize the influences of outliers, the com-
ponent indicators of the subindexes for each time pe-
riod are calculated as the four-year average of values
for the period 1990-93 and 2000-03. To maximize
country coverage, missing data are gap-filled by using
more recent or older data generally from within the
analytical period. For the transition economies of the
former Soviet bloc, data as recent as 1995 are used for
the early 1990s data point in cases where data do not
exist or are unreliable.

17. The relationship between income and techno-
logical achievement is complex. The level of income af-
fects the ability to gain access to technology, while the
level of technology helps to determine income levels
(see the earlier section on “The role of technology in
development”).

18. Low-income countries included in the first
index are Bangladesh, Benin, Cote d’Ivoire, Ethiopia,
Ghana, India, Kenya, the Kyrgyz Republic, Mozam-
bique, Nepal, Nigeria, Pakistan, Senegal, Sudan,
Tanzania, Togo, Vietnam, the Republic of
Yemen, Zambia, and Zimbabwe. The second index
includes all of these except Nepal, Vietnam, the
Republic of Yemen, and Zimbabwe.

19. The penetration of new technologies during
1990-2000 increased by 102 percent in high-income
OECD countries, 256 percent in upper-middle-income
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countries, 219 percent in lower-middle-income coun-
tries, and 123 percent in low-income countries.

20. For low-income countries, the number of Inter-
net users per 1,000 people rose by 172 percent between
1999 and 2005, the number of secure Internet servers
per 1 million people increased by almost 30 percent a
year between 2004 to 2006, and the number of mobile
phone subscribers per 1,000 people rose by 92 percent
between 1995 and 2005 (World Bank 2007d).

21. Measurements of the extent of diffusion differ
by technology, but generally involve available statistics
on technology flows per country scaled by income or
population, whichever is more appropriate. For exam-
ple, the diffusion of electricity is measured by kilowatt
hours consumed per person and the diffusion of rail-
roads is measured by tonnage moved divided by gross
national product.

22. Of the 699 country-technology pairs related to
developing countries, 216 refer to a technology that
was first recorded in the 19th century, 318 date from
the first half of the 20th century, 98 come from the
third quarter of the 20th century, and 67 from the final
quarter of the 20th century.

23. The data set includes an estimate of the date of
discovery for each technology.

24. That is, there are country-technology pairs, not
considered in this analysis, that have reached the 5 per-
cent level but are taking a long time to reach the
25 percent level.

25. When missing data issues occurred over this
time period, the earliest available observation for a
given indicator in the period from 1988-96 and
1998-2006 was used so as to expand country cover-
age. The budget balance indicators and the real ex-
change rate volatility indicators were averaged over the
periods 1990-96 and 2000-06 to purge out cyclical
effects. The real exchange rate volatility series is the
yearly average of the absolute value of monthly change
in the real effective exchange rate.

26. For this operation the authors used a combined
data set including observations from both the 1990s
and 2000s to ensure that data for each period had the
same underlying scaling.

27. Frequently more than 70 percent of the vari-
ance was explained by the first principal component.

28. A data-driven grouping of indicators was also
conducted and used to generate a two-step index simi-
lar to the one reported in the main text. As the indexes
derived from this procedure did not differ materially
from the one reported here, they are not reported.

29. Furthermore, results for the overall technologi-
cal achievement index remain unchanged when the en-
tire old innovations indicator group is included, that is,
when no division into subgroups is made and the
second principal component is ignored.
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