
United Nations Conference on Trade and Development 
 
 

E-COMMERCE AND DEVELOPMENT 
REPORT 2003 

 
 

Internet edition prepared by the UNCTAD secretariat
 

Chapter 2: ICT, the Internet and economic performance: 
Implications for developing countries 

 
 

 
 
 

 

 
 

UNITED NATIONS 
New York and Geneva, 2003  

UNCTAD/SIDTE/ECB/2003/1 



Note

Symbols of United Nations documents are composed of capital letters with figures. Mention of such a
symbol indicates a reference to a United Nations document.

The designations employed and the presentation of the material in this publication do not imply the
expression of any opinion whatsoever on the part of the Secretariat of the United Nations concerning
the legal status of any country, territory, city or area, or of its authorities, or concerning the delimitation
of its frontiers or boundaries.

Material in this publication may be freely quoted or reprinted, but full acknowledgement is requested,
together with a reference to the document number. A copy of the publication containing the quotation
or reprint should be sent to the UNCTAD secretariat at: Palais des Nations, CH-1211, Geneva 10,
Switzerland.

The English version of the full report and the English, French and Spanish versions of its Overview
section are currently available on the Internet at the address indicated below. Versions in other languages
will be posted as they become available.

http://www.unctad.org/ecommerce/

UNITED NATIONS PUBLICATION

Sales No. E.03.II.D.30

ISBN 92-1-112602-9

UNCTAD/SDTE/ECB/2003/1

Copyright © 2003, United Nations
All rights reserved



41

A. The emergence of the information 
economy

The recent performance of a number of economies,
most notably that of the United States, has been fairly
strong. In the late 1990s, these economies were able
to grow faster than at any time since before the first
energy oil crisis in 1973, while keeping inflation at
historically low levels. This combination of strong
economic growth and low inflation has been linked to
the diffusion of new information and communication
technologies (ICT), especially the Internet. The pro-
ductivity gains that ICT have generated in the pro-
duction and distribution of goods and services, as
well as organizational improvements in the corporate
and public sectors, have been identified as the mecha-
nisms through which ICT and the Internet have deliv-
ered their macroeconomic benefits. 

The emergence of ICT and the Internet as drivers of
economic activity has increased the demand for
knowledge workers, channelled more venture capital
for start-up formation into this sector, and acceler-
ated technological innovation. As a consequence, a
growing share of enterprises’ assets is embodied in
various forms of knowledge. This array of macro-
and microeconomic changes, by virtue of which
information, knowledge and the networks through
which they are communicated and exchanged become
a major factor of economic performance, has led
many observers to coin terms such as “new econ-
omy”, “information economy,” “knowledge econ-
omy” and “network economy.” 

However, the sharp decline in international stock
markets that started in March 2000, and the economic
slowdown that followed it, prompted questions about
the long-term benefits of ICT and the Internet. The
fall in stock prices temporarily reduced the level of
venture capital and other investment capital available
for ICT infrastructure and may have resulted in levels
of investment in ICT and the Internet that are lower

than optimal from the point of view of society as a
whole.1

It is also likely that government intervention in the
innovation market has made possible the generation
of ICT-related externalities that have contributed to
the economic performance of the United States and
other developed countries. The need for public sup-
port for private-sector innovation is related to possi-
ble market imperfections that may result in invest-
ment levels in innovation that are suboptimal from a
social perspective. An example of such a market fail-
ure is the extreme difficulty encountered by small
high-technology firms when they attempt to raise
financial capital to invest in innovation. That is a pri-
mary reason why many governments subsidize
research and development (R&D) investment by
small and medium-sized enterprises (SMEs) (Siegel,
Waldman and Link 2003). Policy intervention to
address innovation market failures includes support
for the venture capital industry and targeted govern-
ment investment in SMEs. It also includes the adop-
tion of new standards, financial and regulatory sup-
port for cooperative or collaborative R&D, subsidies
and tax breaks for R&D (Martin and Scott 2000) and
public-private technology partnerships. As is noted in
Martin and Scott (2000), another instrument for
addressing innovation market failures is the public-
private technology partnership, which can assume
various forms, such as government subsidies for
projects funded by private firms, shared use of exper-
tise and laboratory facilities, university technology
incubators, science parks, licensing agreements
between universities and firms, and university-based
start-ups. Some preliminary evidence (Siegel, Wald-
man and Link 2003) suggests that the adoption of tar-
geted technology programs has led over time to a
reduction in the magnitudes of market failures in
developed countries.

Although many policy makers, corporate executives,
and producers and users of ICT remain optimistic

Chapter 2

ICT, THE INTERNET AND ECONOMIC PERFORMANCE:
IMPLICATIONS FOR DEVELOPING COUNTRIES



42 CHAPTER 2:  ICT, THE INTERTNET AND ECONOMIC PERFORMANCE: IMPLICATIONS FOR DEVELOPING COUNTRIES

E-COMMERCE AND DEVELOPMENT REPORT 2003

about the long-term economic impact of ICT and the
Internet, a detailed, sober analysis of this question is
essential. A comprehensive review of recent research
on this topic is of special interest to developing coun-
tries for two reasons. First, these countries have not
yet fully reaped the benefits of ICT and are still devel-
oping policies and strategies to promote its adoption
(an issue discussed at greater length in Chapter 3 of
this report). Second, they have fewer resources to
devote to these activities and therefore cannot afford
as large “margins for error” as developed countries.
An objective assessment and resolution of the debate
on this subject would have important policy implica-
tions, since it could allow developing countries to for-
mulate and implement optimal ICT and e-business
strategies, which contribute towards the implementa-
tion of the United Nations Millennium Development
Goals. 

This chapter reviews the literature on the relationship
between ICT, the Internet and productivity growth at
the firm, industry, and national levels. As much evi-
dence as possible is presented concerning the impact
on the industries and firms of developing countries,
although the availability of this kind of data is limited.
The chapter also examines international evidence of
the phenomenon of skill-biased technological change
(SBTC) and the organizational dynamics of e-busi-
ness diffusion in traditional sectors of the economy. It
concludes with a summary of the key findings of the
literature review and offers recommendations to gov-
ernment policy makers seeking to use ICT and e-busi-
ness as an instrument to support economic growth. 

B. The productivity debate

1. The aggregate impact of ICT

The question of whether the Internet will have an
overall impact on the economy comparable to that of
the great technological changes of the past has
attracted considerable attention in recent years. This
is understandable given that between 1987 and 2001
the quality-adjusted price of computing declined by
more than 95 per cent, encouraging an extremely fast
diffusion of these technologies: in the year 2000, 40
per cent of all US business investment was going to
ICT. Such intense investment could be expected to
have some effect on business performance. Such
effects are not, however, always easy to discern, moti-
vating a desire to assess the validity of the “productiv-
ity paradox” (Solow 1987).2 At the same time a
number of studies, such as Liebowitz (2003), have

highlighted the limits of the Internet’s impact on eco-
nomic performance, especially in the business-to-
consumer (B2C) sector.

The literature analysing the relationship between ICT
and economic performance has expanded considera-
bly in recent years. Studies have tended to examine
the impact of ICT on productivity growth, but some
researchers have also looked into issues such as firm
profitability and stock prices. Empirical studies have
been conducted at all levels of aggregation (i.e. at the
establishment, firm, industry and national levels).
Many papers present econometric estimates of a sim-
ple Cobb-Douglas production function, with an addi-
tional input representing investment in ICT capital, as
opposed to conventional physical capital (structures
and equipment). Other authors (e.g. Lichtenberg 1995
and Brynjolfsson and Hitt 1996) have derived esti-
mates of ICT labour input (typically the number of
employees classified as information systems workers). 

Many of those research efforts show a positive corre-
lation between Internet and ICT use and productivity
growth. Also, much of the recent firm-level evidence
suggests that ICT can generate “excess” returns, and
there is also some evidence that these private, or firm-
level, returns have increased in recent years. This is
important because previously there was a lack of con-
sensus regarding empirical results, at least in some of
the early studies (Sichel 1997; Berndt, Morrison and
Rosenblum 1992; Parsons, Gottlieb and Denny 1993).
Using industry-level data, Morrison (1997) also
reported that ICT capital had only a very small impact
on technical progress. 

The tide appears to have changed in the later studies,
as most of the recent papers seem to find a strong
relationship between ICT and improvements in eco-
nomic performance. Stiroh (2001) and Jorgenson and
Stiroh (2000) report good news regarding the aggre-
gate impact of ICT investment in the United States.
In contrast to their research in the early 1990s, Jor-
genson, Ho and Stiroh (2002) conclude that the
impact of ICT on aggregate economic performance
has increased over time, especially in the late 1990s.

The key figures on sources of economic growth in the
United States are presented in table 2.1. Based on a
comprehensive analysis of ICT capital, the authors
report that computer hardware, software and com-
munications equipment accounted for a much larger
fraction of economic growth in the last six years than
in earlier periods. This may mean that there are sub-
stantial adjustment costs in implementing ICT and
that policy makers should not expect dramatic
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improvements in productivity growth in the short
run.

Dedrick, Gurbaxani and Kraemer (2003) present
interesting findings on what they term the “dualistic”
nature of ICT capital. The authors note that ICT cap-
ital, like other types of physical capital, can be used to
generate more efficient production technology that
allows organizations to increase labour productivity.
This phenomenon is known as “capital deepening”
(i.e. increasing capital input per worker). However, the
authors note that ICT also plays a second role, which
they consider more important – namely, its role in
diminishing the cost of coordination of economic
activities within and between organizations, and in
improving business processes and organization. The
authors present evidence suggesting that this coordi-
nation effect has a greater impact on productivity
than the capital-deepening effect. 

In a similar vein, Morrison and Siegel (1997) consider
the possibility that conventional empirical studies of
the connection between ICT and productivity actually
underestimate the returns from ICT, because they fail
to take account of externalities that arise from invest-
ment in ICT. The authors extend the simple Cobb-
Douglas production framework by estimating a
dynamic, flexible cost function (i.e. a generalized
Leontief functional form) for US manufacturing
industries, which takes account of adjustment costs

that might arise from ICT (and other capital) invest-
ment. Their paper is a general critique and extension
of various new growth studies that use a simple pro-
duction function approach to assess the impact of
what the authors call “external factors” (investment in
R&D, computers and human capital) on growth.
More importantly, the authors report that increasing
investment in ICT (and R&D) in a given industry
enhances productivity in other industries (as well as
that of their own suppliers and customers). These
results fit the notion that ICT and the Internet consti-
tute “general-purpose technologies” (Helpman 1998)
that have wide applications and productivity-enhanc-
ing effects in numerous downstream sectors.

A recent study by the Organisation for Economic Co-
operation and Development (OECD 2003) analysed
the contribution of ICT to economic growth, as well
as the impact of ICT-using and -producing sectors
compared with that of non-ICT sectors on economic
growth and labour productivity. The result was fairly
conclusive evidence suggesting that investment in
ICT made a significant contribution to economic
growth in a number of countries (led by the United
States, Canada, the Netherlands and Australia) and
also had a substantial positive impact on economic
performance in other OECD countries. As for pro-
ductivity, ICT investment has supported labour pro-
ductivity growth in several countries with strong
growth performance (Australia, Canada and the

1959-1973 1973-1995 1995-2001

Output growth of which including 4.18 2.78 4.07

Contribution of capital:  including 1.77 1.40 2.03

Computers 0.07 0.20 0.49

Software 0.03 0.10 0.27

Communications capital 0.10 0.12 0.17

Other (non-computer) capital 1.57 0.98 1.10

Contribution of labour 1.24 1.12 1.12

Aggregate total factor productivity 1.16 0.26 0.92

Note: All values are average annual percentage growth rates. Input contributions are real growth rates, weighted by average nominal shares (following the
convention in this literature). 

Source: Jorgenson, Ho and Stiroh (2002).

Table 2.1:

Sources of US economic growth, (1959-2001)
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United States). In some of these countries, sectors in
which ICT investment was particularly intense (e.g.
distribution and financial services) have experienced
faster multi-factor productivity growth. In other
countries (Finland, Ireland and Korea), ICT produc-
tion has made an important contribution to aggregate
labour and multi-factor productivity growth. There
seems to be evidence that at least part of this produc-
tivity improvement is structural, having survived the
effects of the latest slowdown, particularly in those
countries (e.g. Australia and the United States) where
ICT are more widely diffused (OECD 2003).

A critical issue regarding the impact of ICT on the
economy concerns whether ICT investments gener-
ate “increasing returns” and “network externalities”.
Complementary to these notions is the concept of
path dependence, according to which increasing
returns and network externalities result in winner-
take-all situations and monopoly outcomes for firms
that capitalize on such first-mover advantages. There

is some controversy in the scholarly literature regard-
ing the importance of path dependency and, more
specifically, the question of whether the “best” tech-
nology (from a social standpoint) actually ends up
being widely adopted. While some observe that alleg-
edly inferior standards and technologies, such as the
QWERTY typewriter standard, VHS and certain
operating systems, have emerged victorious in the
marketplace (David 2000), others dispute these asser-
tions, noting that there is little empirical evidence in
support of path dependency (Liebowitz and Margolis
1990; Liebowitz 2003).

The effects of ICT diffusion seem to differ signifi-
cantly across developed economies. Thus, it appears
that the contribution of ICT to productivity and out-
put growth is smaller in many European countries
than in the United States.3 This has happened despite
a convergence in the rate of investment in ICT
between the United States and the European Union
(see table 2.2). 

Country % Country % Country % Country

New Zealand 10.3 Colombia 7.0 Chile 5.5 Slovenia 3.7

Sweden 8.8 France 6.9 Slovakia 5.5 México 3.5

Australia 8.7 Czech Republic 6.8 Brazil 5.4 Turkey 3.3

Switzerland 8.4 Israel 6.6 Portugal 5.3 Bulgaria 3.1

Singapore 8.3 Belgium 6.5 Viet Nam 4.7 Philippines 3.1

United Kingdom 8.0 Finland 6.4 Italy 4.6 Thailand 3.1

United States 7.8 Germany 6.2
Taiwan Prov.
of China 4.6 Russian Federation 2.9

Canada 7.7 Hungary 6.2 Greece 4.4 India 2.7

Netherlands 7.5 Norway 6.1 Spain 4.2 Egypt 2.2

Denmark 7.3 Ireland 5.8 Venezuela 3.9 Indonesia 2.1

Hong Kong (China) 7.2 Republic of Korea 5.8 Argentina 3.7 Gulf States 1.8

Japan 7.1 Malaysia 5.8 China 3.7 Romania 1.5

South Africa 7.1 Austria 5.6 Poland 3.7

Source: Pohjola (2003).

Table 2.2

Average Annual Percentage of GDP Devoted to ICT Spending (1993–2001)
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Part of the apparent difference in productivity growth
rates may result from differences in statistical meth-
odologies.4 Another possible reason for the differ-
ence in ICT performance between the two regions is
the presence of relative rigidities in markets, particu-
larly the labour market, in many of these countries;
according to this view, enterprises in the United States
can more easily maximize efficiencies generated by
ICT by adapting organizational structures and pro-
ductive processes and re-deploying labour and other
resources. 

It is difficult to derive systematic evidence of a corre-
lation between ICT use and economic performance
in developing nations. However, anecdotal data and
case study evidence are available, particularly in these
countries’ traditional export-oriented sectors. Some
of these studies attempt to assess the impact of busi-
ness-to-business (B2B) markets on export perform-
ance and competitiveness. These studies suggest that,
while traditional export sectors use some ICT tech-
nologies extensively, they are not yet really connected
to emerging e-marketplaces. At the same time, how-
ever, there is evidence of improved market access and
rapidly increased exports by selected developing and
transition economies. This is partly the result of busi-
ness process outsourcing (BPO), including the reloca-
tion of back-office operations by transnational corpo-
rations (TNCs), a phenomenon discussed in more
detail in Chapter 5. The implication is that there may
be promising ICT-related niches in global markets for
many developing countries possessing skilled labour
and sufficient Internet bandwidth access.

2. Industry- and firm-level evidence

It is often more practicable and convincing to focus
productivity analysis across several industries, or on
particular sectors or firms. Because firms are smaller
entities than national economies, the time needed for
ICT policy to generate efficiency and productivity
gains can be shorter, and it can be more easily meas-
ured by examining firms’ accounting and financial
data.

Carayannis, Alexander and Geraghty (2001) present
some interesting examples of how the Internet has
been used for B2B e-commerce in two traditional sec-
tors of the economy, the petroleum and chemical
industries. They demonstrate how e-commerce Inter-
net technologies can be used as general-purpose tech-
nologies, resulting in dramatic improvements in qual-
ity and productivity in services. The first case study

describes an integrated system for facilitating B2B
procurement transactions, or supplier-oriented e-
commerce, used by BOC Gases, a British firm. The
company uses e-commerce in warehousing, cargo
handling, and distribution to process orders with sup-
pliers and customers. The use of this system has gen-
erated substantial inventory-holding cost savings and
has resulted in highly efficient processing of orders.
BOC also utilized customer-oriented B2B e-com-
merce for market makers in the chemicals industry.
The authors also describe how Boeing uses the Inter-
net and e-commerce to ensure that production lines
correlate closely with fluctuations in product demand.
Other examples provided in the paper include Wal-
Mart’s use of electronic data interchange (EDI) with
its suppliers and the formation by four chemical firms
(Ethyl, Eastman, Chemical and Sunoco) of a “B4B”
mechanism for standardized exchange of industry
data . The latter is an example of the establishment of
technological infrastructure for B2B trading. 

Examples of the economic payoff from the Internet
abound in a recent Brookings volume edited by Rob-
ert Litan and Alice Rivlin (Brookings 2001). The edi-
tors commissioned studies of the Internet’s impact on
productivity growth in eight sectors of the US econ-
omy. These industries, which account for more than
70 per cent of gross domestic product (GDP), are
manufacturing, automobiles, financial services, truck-
ing, retail services, health care, higher education and
the public sector. The productivity improvements
come from savings on transactions costs, more effi-
cient management, enhanced efficiency of markets,
and other economic benefits, including additional
product variety and consumer choice, improvements
in health care outcomes, and greater convenience,
among others. The general conclusion of this study is
that the Internet by itself might add roughly 0.25 to
0.5 per cent a year to US productivity growth during
the next five years.

In Brookings (2001), McAfee, looking at the manu-
facturing sector, presents an interesting case study of
Cisco Systems, which is not only the world’s leading
producer of routers and other Internet networking
equipment but a leading user of the Internet in organ-
izing its manufacturing through outsourcing. Cisco
estimates that intensive use of the Internet as a man-
agement tool over a 4,5-year period enabled it to save
$650 million in 1995–99, which represents 5 per cent
of its revenue in 1999. According to McAfee, many
manufacturing firms have tried to emulate Cisco’s
success by forming “virtual supply chains”, B2B
exchanges that can generate substantial cost savings.
This is especially true in manufacturing, where inter-
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mediate goods and materials typically constitute more
than half of total cost. 

According to Fine and Raff (Brookings 2001), the
largest Internet-related productivity gains in the auto-
motive sector resulted from significant improvements
in supply chain management. They conclude that the
clear winner in using ICT and the Internet was Daim-
ler-Benz, which developed an Extended Enterprise
approach and even trademarked it. This model consti-
tutes a dramatic change in the way the firm manages
its relationships with suppliers. Daimler-Benz com-
mitted to long-term relationships with suppliers to
develop complete subsystems and to share any ICT-
related cost savings with them. Thus, the Internet was
facilitating the implementation of a corporate strategy
of “quasi-vertical integration”, a tactic commonly
used by Japanese firms. The company made heavy use
of ICT and the Internet to implement this strategy,
which turned out to be highly profitable. The Dell
model (where consumers specify the parameters of
ordered PCs) would not work with automobiles
owing to the higher complexity of automobile pro-
duction lines and relations with subcontractors.

In financial services, Clemons and Hitt (Brookings
2001) assert that productivity gains stem from trans-
parency, pricing and disintermediation. They define
transparency as the ability of consumers and corpo-
rate customers to assess the full range of prices and
qualities of the various financial instruments and
services offered. The authors discuss three insurance
companies that provide price comparison services:
Insuremarket, Quotesmith and eHealthInsur-
ance.com. Differential pricing allows firms to treat
customers differently based on the revenue they yield,
or (in the case of insurance) on the amount of risk to
the firm, while disintermediation refers to the ability
to reduce the need for brokers or agents. Similar tac-
tics have been widely adopted in the airline industry
(e.g. in “yield management” pricing strategies) and,
increasingly, in financial services. The authors esti-
mate the annual cost savings from productivity
improvements at approximately $18 billion in the
financial services sector alone. 

Nagarajan et al. (Brookings 2001) present some useful
case studies from the trucking industry. ABF Freight
Systems has set up “transparent direct links,” which
allow customers to use data from ABF’s Web site on
their own sites. Other Internet-related innovations
include programs to streamline efficiency in routing
and shipments. These projects have been extremely
useful for customers, especially those using just-in-

time (JIT) inventory management systems. In another
example, Transplace.com is a start-up formed as an
alliance among six of the largest publicly traded firms
in the industry. Its corporate strategy is to exploit
Web-based opportunities to enhance economic per-
formance, including improvements in the efficiency
of logistics and purchasing and load matching, in
order to reach optimal levels of capacity utilization.5

Fountain and Osorio-Urzua (Brookings 2001) find
substantial cost savings arising from e-government
initiatives, which appear to depend strongly on the
extent to which Internet use is pervasive in the rele-
vant community. This has important implications for
developing countries, where the rate of Internet use
among the populace and firms is quite low. Positive
productivity effects stem from reductions in paper-
work, fewer errors on the part of public employees,
the elimination of redundancies (which can be con-
siderable in the public sector) and improved customer
service. Goolsbee (Brookings 2001) examines online
higher education and other Internet-related initiatives
in the educational sector and concludes that there is
substantial potential cost savings to be derived from
an industry that he characterizes as “massive, regu-
lated, and bureaucratic”.

3. Considerations for developing 
countries

A number of sector- and firm-level discussions on
ICT application in developing countries have
appeared in response to the heated debate over
whether Internet technologies can help communities,
firms or even whole developing countries leapfrog
into the digital age. While evidence is scarce, what
does exist is somewhat encouraging.

Moodley (2002) conducted an in-depth quantitative
and qualitative analysis of the use of B2B e-commerce
by manufacturing firms in South Africa. The study is
based on 120 firm-level interviews and 31 interviews
with industry experts. The evidence indicates that the
incidence of use is fairly low. Although 87 per cent of
the firms had access to the Internet, only 49 per cent
had a corporate site and only 22 per cent were using
the Internet for order taking. The author concludes
that e-commerce is not yet an important strategic
objective for most South African firms. Moodley also
hypothesizes that e-commerce is an evolutionary
technology, not a revolutionary one, as some of its
strongest advocates have asserted. He states that,
according to his evidence, B2B e-commerce is in the
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early stages of its evolution and is likely to follow
path-dependent patterns. 

Masten and Kandoole (2000) examine patterns of
ICT investment in Malawi. They find that the
Government has focused a great deal of attention on
helping SMEs use ICT to increase employment and
income. This may be because the country does not
receive much foreign direct investment (FDI) by
large, multinational firms. Malawi is an interesting
country to study because the institutions involved in
promoting ICT investment among small businesses
have received at least some support either from devel-
oped countries (e.g. Germany, the United Kingdom
and the United States) or from international organiza-
tions (e.g. the United Nations and the World Bank) or
non-governmental organizations (e.g. World Learning
and Women’s Village Banking). The authors conclude
that there is an extensive support system for compa-
nies implementing ICT in this country. Not surpris-
ingly, they find an unusually high level of satisfaction
with these services, and they suggest that resources
have been used quite effectively. The result appears to
be a small-business sector that is growing dynamically,
especially given that Malawi is a very poor country,
ranked 162 out of 175 nations in terms of economic
well-being by the United Nations Development Pro-
gramme (UNDP (2003). 

Humphrey et al. (2003) examined the B2B e-com-
merce of firms in the horticultural and garment sec-
tors of Bangladesh, Kenya and South Africa. The
study was based on field interviews with 74 enter-
prises. An additional 37 interviews with industry
experts, business associations, e-commerce solution
providers and government officials were conducted
across the three countries. The enterprise interviews
were conducted with individuals in senior manage-
ment positions who were well positioned to provide
information on the scale and impact of ICT use to
support B2B e-commerce. The authors’ findings chal-
lenge the view that the mere low cost of information
transfer makes B2B e-commerce a particularly advan-
tageous proposition for firms from developing and
transitional economies. They attribute this to a lack of
awareness regarding the benefits of e-commerce,
institutional and regulatory problems, and the current
technological divide between the have and have-not
nations. On a more positive note, the authors find
that in some cases, B2B e-commerce can reduce the
costs of making firms known to each another. How-
ever, many implementations of Internet applications
do not offer packages of services such as payment
and settlement mechanisms, insurance, logistic sys-

tems, inspection, certification of quality, and customs
clearance. According to the authors, without low-cost
access to such services, developing-country firms may
find it prohibitively expensive to exploit new external
markets.

C. The effects of ICT on wages 
and work environment

1. The impact of ICT on labour force 
composition

The ICT revolution has heightened a phenomenon
known as “skill-biased technological change” (SBTC),
where technological change results in a greater demand
for highly skilled, highly educated labour, which leads to
an increase in the relative wages of these workers and
shifts in the composition of the workforce in favour of
such workers.

Studies of SBTC are usually based on estimates of
wage equations or cost functions, typically including
dummy variables that serve as proxies for technologi-
cal change. The cost function approach is desirable
because it allows one to formally test for whether
technical change is non-neutral (i.e. favours one factor
of production over another). Under SBTC, the
assumption is that technological change favours one
class of workers (e.g. highly educated workers) at the
expense of another class of workers. 

A summary of some recent studies of the impact of
ICT on wages and labour composition is presented in
Annex II. Despite the fact that researchers have
employed alternative methodologies and have ana-
lysed data from different countries at different levels
of aggregation (individual, plant, firm, and industry
levels), each study reports evidence that is consistent
with the existence of SBTC. In other words, some
proxy for technological change (R&D, computers,
adoption of advanced manufacturing technologies) is
positively correlated with wages and shifts in labour
composition in favour of highly skilled or highly edu-
cated workers. 

Two wage-based studies from the United States and
the United Kingdom provide additional support for
the existence of SBTC. Bartel and Sicherman (1999)
analyse worker-level data from the National Longitu-
dinal Survey matched to industry-level data. They
find that there is a positive correlation between wages
and proxies for technological change and that this
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relationship is stronger for non-production (i.e. serv-
ices-related and hence more ICT-intensive) workers
than for production workers. Finally, their findings
imply that the SBTC wage premium can be directly
related to enhanced demand for workers with higher
levels of education and skill in industries experiencing
technological change. Haskel (1999) analyses indus-
try-level data from the United Kingdom and reports a
strong positive correlation between relative wages and
investment in computers. He estimates that the wage
premium for skill grew by 13 per cent in the United
Kingdom in the 1980s and that computers account
for about half of this increase. Moreover, computeri-
zation reduced the demand for manual workers (both
skilled and unskilled ones). 

An analysis of industry-level data from other coun-
tries yields similar patterns. Berman, Bound and
Machin (1998) find that shifts in the employment
structure in favour of highly educated workers are
evident across many developed countries. The
authors conclude that these wage and employment
shifts can be linked to technological change. Also, the
magnitudes of these linkages are quite similar across
countries. Additional international evidence is pro-
vided by Park (1996), who reports a positive correla-
tion between labour productivity growth and the pro-
portion of multi-skilled workers in Korean
manufacturing industries. 

Siegel (1999) reports that implementation of a new
technology leads to downsizing and a shift in labour
force composition and compensation in favour of
white-collar workers. More importantly, the empirical
findings reveal that there is considerable heterogene-
ity in downsizing and skill upgrading across different
types of technologies. Thus, the magnitude of the skill
bias may depend on the type of technology that is
implemented.

The existing evidence on SBTC bodes well for devel-
oping countries. Berman and Machin (2002) have
recently assessed what they refer to as “skill-biased
technology transfer” in 37 countries, including several
developing nations. Their empirical results suggest
that there is no SBTC in low-income countries. More
importantly, they find evidence of “transfer” of skill-
biased technologies from high-income to middle-
income countries and regions, but not from high-
income to low-income countries and regions. 

The rising demand for skilled, educated labour in
developed countries has also led to large wage
increases in many high-technology sectors in middle-
income countries and lower-income countries with

relatively developed ICT-related clusters or regions.
This has resulted in an increase in the propensity of
high-tech firms to engage in domestic and global out-
sourcing. Many major US companies have made sig-
nificant investments in India in software and R&D to
take advantage of considerably lower labour costs for
engineers, computer scientists and software develop-
ers. Similar firms have also undertaken projects in
China. 

An interesting study was conducted by Lal (2002),
who examined comprehensive data from 51 Indian
firms on numerous aspects of performance and other
firm characteristics, including data on ICT invest-
ment, wages, exports, imports, profits, and the extent
to which firms adopt e-business methods. These
companies were located in a newly developed indus-
trial town near New Delhi called the New Okhla
Industrial Development Area. The firms had access
to two private-sector Internet service providers (ISPs)
and two public-sector ISPs. The author estimated
firm-level Tobin regressions of the determinants of
export performance. The regressions included many
control variables and a measure of the nature of the
firm’s use of e-business methods. The three types of
e-business technologies were email, URL, and portal.
Lal concluded that firms that adopted more advanced
e-business tools generated higher levels of exports.
This finding on a key dimension of performance for
companies for a cluster in India might be valuable for
smaller developing countries, where domestic markets
are often quite small. Thus, it appears that the adop-
tion of sophisticated e-business technologies may
improve economic performance. Another critical fac-
tor is that ICT labour costs are substantially lower in
India than in developed countries. For instance, sys-
tems analysts were earning an average of $48,000 a
year in the United States and $34,000 in the United
Kingdom in 1995, while their counterparts in India
were earning $14,000. 

ICT-induced changes in the labour market have also
affected women’s employment, in particular in devel-
oping countries (UNCTAD 2002). For example, in
services related to information technology (IT),
employment for women has grown enormously.
Today, women form a significant share of the work-
force in the IT-enabled industry in developing coun-
tries, notably in Asia, but increasingly also in Africa
and Latin America, where IT-related services are
being created. Women usually predominate in serv-
ices requiring rather routine, low-level skills or limited
technical training. These include activities such as cus-
tomer call centres, data entry and processing, tran-
scription services, claims processing and remote sec-
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retarial services. It is more difficult for women to
move into the higher-skilled, better-paid jobs of the
IT-related service sector, such as software develop-
ment and programming or geographical information
systems (GIS) analysis. 

2. ICT and changes in work environment

Many economists who have studied SBTC ignore the
role of organizational change in the implementation
of new technologies. In recent decades, many manu-
facturing firms have adopted new ICT-based technol-
ogies, such as computer-aided design (CAD), compu-
ter-aided manufacturing (CAM), computer numerical
control (CNC), and just-in-time (JIT) production sys-
tems. Implementation of these technologies can dra-
matic affect the work environment, since they may
simultaneously result in downsizing (labour-saving
innovations), retraining of the remaining workforce
(skill upgrading), and changes in job responsibilities
resulting from integration across the functional areas
of business (marketing, manufacturing, R&D,
accounting/finance, logistics, purchasing and product
design). 

Some recent studies have examined the relationship
between technical and organizational change. They
have found that ICT investment is often accompa-
nied by substantial changes in the work environment.
For example, Siegel, Waldman and Youngdahl (1997)
analysed the effects of the adoption of advanced
manufacturing technologies on human resource man-
agement practices, including proxies for employee
empowerment, such as training, changes in job
responsibilities, new career opportunities and
enhanced employee control. They report a strong
positive correlation between the implementation of
certain types of technologies and greater employee
empowerment. 

In a similar vein, Bresnahan, Brynjolfsson and Hitt
(2002) present evidence of the connection among
technological change, organizational change and
organizational performance. The authors study the
effects of declining ICT prices, increased use of ICT
and a rise in the relative demand for highly educated
workers. They conjecture that, in order to implement
new technologies successfully, companies need to
decentralize decision making and adopt other “high-
performance” workplace practices. Such practices
include increased reliance on worker teams and qual-
ity circles, where employees can decide on the pace
and method of work that will achieve the best results. 

To test these theories, the authors estimate three vari-
ants of a regression model with ICT demand, human
capital investment, and value added as dependent var-
iables. They report that proxies for workplace organi-
zation and human capital are strong determinants of
the demand for ICT capital, but not other types of
capital. This finding is consistent with the argument
that there is complementarity among ICT, organiza-
tional change and human capital. Similarly, firms with
higher levels of investment in human capital, as meas-
ured by a greater emphasis on selection, appraisal,
and training of employees, tend to have higher levels
of ICT investment and more decentralized work
organization. 

To examine complementarities in a production or
cost function framework, it has been assumed that
there are adjustment costs associated with imple-
menting complementary strategies (Caroli and Van
Reenen 2002). Adjustment costs are relevant because,
while firms may find it easy to acquire and install ICT
equipment, they may have great difficulty implement-
ing the required complementary organizational
changes to achieve a fit among all their organizational
architecture components. Thus, adjustment costs lead
to variation across firms in the use of ICT, its organi-
zational complements, and the resulting product mix.
Bresnahan, Brynjolfsson and Hitt (2002) provide evi-
dence of the effects of ICT on the work environment,
based on a survey of managers. They report that ICT
use is positively correlated with enhanced worker
autonomy, management’s need and ability to monitor
workers, and the firm’s desire to increase investment
in human capital. 

Finally, Danzon and Furukawa (Brookings 2001)
examine Internet initiatives in health care and phar-
maceuticals. They disaggregate these efforts into
those relating to connectivity, content, commerce and
care. The authors assert that optimal connectivity
would enable providers, payers and patients to have
seamless access to information, which would greatly
reduce the demand for clerical labour, improve cus-
tomer service and, most importantly, enable physi-
cians to spend additional time with patients. They also
focus a great deal of attention on the use of Internet
to allow physicians to manage their practices more
effectively. With respect to information content, the
authors identify physician and consumer information
portals. These portals allow doctors to easily follow
the latest developments in their fields, and they enable
patients to access better information. The authors’
discussion of commerce highlights the significant sav-
ings that B2B e-commerce can produce in supply
chain management. 
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Several key stylised facts have emerged from the litera-
ture on the relationship between technological change
and organizational change in developed countries.
Brynjolfsson and Hitt (2000) report that ICT use is
associated with a cluster of complementary organiza-
tional practices. These include a transition from mass
production to flexible manufacturing technologies,
changing interaction with suppliers and customers
(mostly resulting in closer relationships with custom-
ers and suppliers), decentralized decision making and
other organizational transformations, greater ease of
coordination, and enhanced communication. These
complementary technological and organizational
changes enhance the market value of firms. 

Thus, it seems that the way ICT is being used is chang-
ing organizational structure, design and control sys-
tems. For instance, researchers have reported that
back-office jobs are being replaced, while the impor-
tance of front-office skills and managerial leadership
has increased. Networks of PCs are changing the way
people work and the way they are compensated, in the
sense that rewards for multi-tasking are increasing and
employers seem to prefer employees with broad-based
education and conceptual and problem-solving skills,
which are valued more and more by companies in
developed countries. The OECD (2003) stresses that
investment in and use of ICT have a great impact on
firms provided that they are accompanied by other
changes and investments, including expenditures on
employee training and organizational changes. Those
complementary investments might considerably
increase the positive correlation between ICT and pro-
ductivity. 

One result of this is that more and more people are
returning to school, largely owing to technological
change and concomitant organizational changes that
raise the value of knowledge workers to firms and
other organizations. Despite the fairly substantial
increase in the number of returning students, the
demand for ICT-literate workers continues to outstrip
supply, which explains part of the wage premium
economists have observed for these workers. This also
explains why numerous multinational companies have
begun outsourcing jobs requiring high-skilled labour
in developing countries, as in the case of software pro-
gramming in India. Morrison and Siegel (2001) report
evidence consistent with this assertion, finding a posi-
tive correlation between ICT investment and the pro-
pensity of US manufacturing firms to engage in for-
eign and domestic outsourcing of mostly business
services. (For a more detailed discussion of outsourc-
ing, see Chapter 5 of this report.)

D. Conclusion

The findings of the research on ICT and economic
performance reviewed in this chapter are remarkably
robust in the sense that the majority of researchers
have found a positive correlation between some proxy
for ICT investment and some proxy for economic per-
formance at each level of aggregation (plant, firm,
industry and national economy). Furthermore, there is
evidence suggesting that complementary investments
in ICT-related labour and organizational factors that
provide a supportive work environment for maximiz-
ing the returns on ICT investment also contribute to
improvements in productivity growth. The evidence
seems to indicate fairly clearly that the dissemination
of this general-purpose technology will have a sus-
tained, long-lasting impact on productivity and eco-
nomic growth, provided that policy makers implement
policies that facilitate a faster rate of diffusion and bet-
ter allocation of resources. 

Although several sections of this chapter are based on
ICT- and Internet-related data and analysis derived
from developed economies, the evidence provides
important lessons for developing countries. First,
developing countries should not lose sight of the big
picture regarding the payoff from investment in tech-
nology. These nations should focus on implementing
technology policies that foster long-term economic
growth. Furthermore, policy makers should not misin-
terpret the recent financial boom and bust in financial
markets (which is reversing itself as this chapter is
being written) as indicating a decline in the social rate
of return on investment in ICT and the Internet. Even
in the developed world, where organizations encoun-
ter substantially more favourable institutional condi-
tions and better technological and physical infrastruc-
ture, it has taken several decades for the benefits
associated with ICT investment to result in substantial
improvements in economic growth. 

The policy areas that e-strategies for development
must contemplate in order to generate an environment
in which ICT can realize their full potential include
problems of awareness, infrastructure and access,
regulation, skill building and local content creation,
among others. They are the subject of Chapter 3 of
this report. However, some elements related to the
impact of ICT on productivity can be highlighted
here. These refer to key deficiencies that policy makers
in developing countries must address in order to
stimulate higher social returns on investment in ICT.
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The first deficiency concerns a lack of knowledge of
best practice in the use of ICT. Thus, governments
should foster improved understanding by local firms
of the best methods of using ICT in their respective
sectors, so that optimal choices can be made regarding
the most efficient uses of these technologies. Govern-
ments should also support the adoption of best e-
commerce and e-business practices by themselves
adopting these technologies, particularly in areas such
as procurement. In so doing they will not only be gen-
erating economy-wide effects on productivity but will
also obtain direct benefits in terms of fiscal savings
and improved government transparency and account-
ability. 

Another problem governments should address is the
danger of under-investment in ICT-related technology.
Policies promoting and supporting infrastructure
development can help provide greater access to low-
cost, high-bandwidth Internet connections. Govern-
ments can institute policies supporting the develop-
ment and use of appropriate software, including open-
source software (see Chapter 4). Also needed are poli-
cies and legislative action to improve the security of
electronic transactions and enhance consumers’ confi-
dence in these transactions. Currently, players from
many developing countries are sometimes reluctant to
share information online, which is a major barrier to
the successful adoption of B2B and B2C e-commerce. 

The public sector should also play a leading role in
addressing another major obstacle: ICT-related skill
deficiencies in the workforce. This can be achieved in
several ways. One approach is to provide training and
skills development, or at least encourage state-run
educational institutions to shift their priorities accord-
ingly. Another avenue is to provide firms with incen-
tives (through tax policy or subsidies) to engage in
such training themselves. 

If, as seems possible, the magnitude of the market fail-
ures leading to sub-optimal levels of investment in
ICT is sufficiently large, then the public sector in an
individual country may be unable to effectively over-
come them. This is especially true for the smaller
developing nations. A wide range of collaborative
arrangements can be used to address these market fail-
ures, including public-private partnerships, alliances
and consortia. These partnerships would be useful for:

• providing better access to financial capital to
stimulate investment in ICT;

• enhancing the development of human capital to
facilitate implementation of the new technolo-
gies;

• stimulating the development and extension of
networks that increase the private (firm-level)
and social returns on ICT and e-business; and

• allaying concerns regarding sharing proprietary
information. 

National governments, the private sector, society at
large, and especially the R&D community in develop-
ing countries must realize that ICT cannot be treated
as a homogenous phenomenon. There is considerable
heterogeneity in the challenges and policy issues asso-
ciated with each type of ICT investment. Still, the
empirical evidence suggests that the potential for
investment in ICT to generate substantial productivity
gains may actually be greater for firms in developing
countries than those in developed ones. Still, the vast
potential of ICT cannot be exploited without consid-
erable attention being devoted to understanding sec-
tor-specific characteristics relating to market structure
(e.g. the extent of consolidation in the industry), the
state of the supply chain, and resources available to
firms to support their businesses. UNCTAD’s E-
Commerce and Development Report has on several
occasions addressed sector and industry specificities
and possible ICT policies and strategies (2001, 2002).6

In developing countries, these characteristics are likely
to be different than in developed countries, even
within the same industry. Developing countries, hav-
ing relatively weak risk management systems in place
and fewer resources to invest, cannot afford to waste
their limited technical, financial and human resources
on yet more dot-com hype. They must make prudent
decisions regarding ICT-related investment while tar-
geting their niches in the information economy. 

In the long run, ICT and the Internet will generate
high social returns to countries that invest in these
technologies and use them wisely. The pace of techno-
logical progress in ICT goods and services shows no
signs of slowing. As a result, these products are
becoming more affordable to businesses and house-
holds in countries with lower per-capita income.
Hence, existing cost barriers to acquisition of the new
technology in these nations are diminishing. The bot-
tom line is that there exists a critical opportunity for
developing countries striving to improve their global
competitiveness and enhance economic growth
through ICT-related investment. Thus, it is incumbent
on policy makers in these countries to ensure that
domestic firms encounter a conducive environment
and sufficient incentives to join the information econ-
omy at all levels, and hence improve their export com-
petitiveness. 
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Given the strong connection between technological
investment and economic growth, it is conceivable
that developing countries could achieve higher
growth rates through optimal investment in ICT and
Internet-related technologies. In this regard, the evi-
dence from the surveyed research, the majority of
which was conducted in a developed-country context,
could also be used by policy makers in developing
nations as they implement more active ICT and e-
business-related strategies. Policy makers should,
however, keep in mind that the experience of devel-
oped countries in North America, Europe and Asia,
as well as of some leading adopters among developing
countries, illustrates the trade-offs that governments

face in the area of ICT, as a consequence of differ-
ences in the environment (physical, political and
legal), the sources of comparative advantage of their
respective economies and the predominant concep-
tions about the role of the state in the economy and
in society as a whole. In other words, they should be
aware that there is no model path that all countries
should follow in their progress towards an informa-
tion society. As they mainstream ICT into their
national development strategies, developing countries
should endeavour to reflect their society’s own eco-
nomic, social, cultural and political preferences and
priorities.



E-COMMERCE AND DEVELOPMENT REPORT 2003

CHAPTER 2:  ICT, THE INTERTNET AND ECONOMIC PERFORMANCE: IMPLICATIONS FOR DEVELOPING COUNTRIES 53

Notes

1. At the height of the dot-com revolution, the perceived optimal level of investment in R&D was considered by some
researchers to be at least four times larger than the actual R&D investment. See Jones and Williams (1998).

2. The controversy surrounding the role of ICT in productivity enhancement stems largely from Nobel Prize winner Robert
Solow’s famous quip in 1987 that one “can see the computer everywhere except in the productivity statistics” (Solow
1987).

3. See, for example, Daveri (2002).

4. See Lequiller (2001). 

5. Load matching refers to a firm’s ability to match shipments with trucks having excess capacity, a major problem in this
highly fragmented industry.

6. UNCTAD has analysed the development of e-commerce in the tourism, logistics, banking, insurance and publishing
industries, as well as agriculture and e-government.

References and bibliography

Bartel AP and Sicherman N (1999). Technological change and wages: An interindustry analysis. Journal of Political Econ-
omy 107: 285–325.

Berman E, Bound J and Machin S (1998). Implications of skill-biased technical change: International evidence. Quarterly
Journal of Economics 112: 1245–79. 

Berman E and Machin S (2000). Skill biased technology transfer around the world. Oxford Review of Economic Policy 16:
12–22. 

Berndt ER, Morrison CJ and Rosenblum LS (1992). High Tech Capital Formation and Labor Composition in U.S. Manufac-
turing Industries: An Exploratory Analysis. NBER Working Paper No. 4010, Cambridge, MA.

Bharadwaj A.S, Bharadwaj SG and Konsynski BR (1999). Information technology effects on firm performance as measured
by Tobin’s q. Management Science 45: 1008–24.

Bresnahan TF, Brynjolfsson E and Hitt LM (2002). Information technology, workplace organization, and the demand for
skilled labor: Firm-level evidence. Quarterly Journal of Economics 117: 339–76. 

Brookings Institution (2001). The Economic Payoff from the Internet Revolution. Washington, DC, Brookings Institution
Press.

Brynjolfsson E and Hitt LM (1996). Paradox lost: Firm-level evidence on returns to information systems spending. Manage-
ment Science 42: 541–58.

Brynjolfsson E and Hitt LM (2000). Beyond computation: Information technology, organizational transformation, and busi-
ness performance. Journal of Economic Perspectives 14 (4): 23–48. 

Carayannis EG, Alexander J and Geraghty J (2001). Service sector productivity: B2B electronic commerce as a strategic
driver. Journal of Technology Transfer 26 (4): 337–50. 

Caroli E and Van Reenen J (2002). Skill-biased organizational change: Evidence from a panel of British and French estab-
lishments. Quarterly Journal of Economics 116: 1449–92. 

Daveri F (2002). The new economy in Europe, 1991–2001. Oxford Review of Economic Policy 18 (3): 345–55.

David P (2000). Path dependence, its critics and the quest for ‘historical economics.’ In: Garrouste P and Ionnides S, eds.
Evolution and path dependence in economic ideas: Past and present. Cheltenham, England, Edward Elgar. 

Dedrick J, Gurbaxani V and Kraemer KL (2003). Information Technology and Economic Performance: A Critical Review
and Empirical Evidence. Working paper. Center for Research on Information Technology and Organizations, Univer-
sity of California at Irvine.



54 CHAPTER 2:  ICT, THE INTERTNET AND ECONOMIC PERFORMANCE: IMPLICATIONS FOR DEVELOPING COUNTRIES

E-COMMERCE AND DEVELOPMENT REPORT 2003

DiNardo JE and Pischke JS (1997). The returns to computer use revisited: Have pencils changed the wage structure too?
Quarterly Journal of Economics 112: 291–303. 

Dunne T, Foster L, Haltiwanger J and Troske KR (2000). Wages and Productivity Dispersion in U.S. Manufacturing: The
Role of Computer Investment. NBER Working Paper No. 7465, Cambridge, MA.

Entorf H and Kramarz F (1998). The impact of new technologies on wages and skills: Lessons from matching data on
employees and on their firms. Economics of Innovation and New Technology 5: 165–99.

Gera S, Wu W and Lee FC (1999). Information technology and labour productivity growth: An empirical analysis for Canada
and the United States. Canadian Journal of Economics 32 (2): 384–407.

Goldstein A and O’Connor D (2000). E-Commerce for Development: Prospects and Policy Issues. Technical Paper No. 164.
OECD Development Centre, Paris, France .

Gordon RJ (2000). Does the “new economy” measure up to the great inventions of the past? Journal of Economic Perspec-
tives 14: 49–74. 

Greenan N and Mairesse J (1996). Computers and Productivity in France: Some Evidence. NBER Working Paper No. 5836,
Cambridge, MA.

Haskel J (1999). Small firms, contracting-out, computers and wage inequality: Evidence from U.K. manufacturing. Econom-
ica 66: 1–21.

Helpman E, ed. (1998). General Purpose Technologies and Economic Growth. Cambridge, MA, MIT Press.

Humphrey J, Mansell R, ParÈ D and Schmitz H (2003). The Reality of E-Commerce with Developing Countries. A report
prepared for the Department for International Development’s Globalisation and Poverty Programme jointly by the
London School of Economics and the Institute of Development Studies, Sussex, London/Falmer.
http://www.gapresearch.org/production/ecommerce.html

Jones CI and Williams JC (1998). Measuring the social returns to R&D. Quarterly Journal of Economics 113 (4): 1119–35. 

Jorgenson DW, Ho MS and Stiroh KJ (2002). Lessons for Europe from the U.S. growth resurgence. Paper presented at the
Munich Economic Summit on Europe after Enlargement, June 7–8.

Jorgenson DW and Stiroh KJ (2000). Raising the speed limit: U.S. economic growth in the information age. Brookings
Papers on Economics Activity 1: 125–211.

Joseph KJ (2002). Growth of ICT and ICT for Development: Realities of the Myths of the

Indian Experience. WIDER Discussion Paper 2002/78. United Nations University/World Institute for Development Eco-
nomics Research. http://www.wider.unu.edu/publications/publications.htm

Lal K (2002). E-Business and Export Behaviour. WIDER Discussion Paper 2002/68. United Nations University/World
Institute for Development Economics Research. http://www.wider.unu.edu/publications/publications.htm

Lehr W and Lichtenberg FR (1998). Computer use and productivity growth in U.S. Federal Government agencies, 1987 to
1992. Journal of Industrial Economics 46 (2): 257–79.

Lehr W and Lichtenberg FR (1999). Information and its impact on productivity:

Firm-level evidence from government and private data sources, 1977–1993. Canadian Journal of Economics 32 (2): 335–62.

Lequiller F (2001) The New Economy and the Measurement of GDP Growth. INSEE Working Paper G2001/01. Paris,
February. 

Licht G and Moch D (1999). Innovation and information technology in services. Canadian Journal of Economics 32 (2):
363–83.

Lichtenberg FR (1995). The output contributions of computer equipment and personnel: A firm-level analysis. Economics
of Innovation and New Technology 3 (3): 201–17.

Liebowitz S (2003). Rethinking the Network Economy: The True Forces Driving the Digital Market Place. New York, Ama-
com Press.



E-COMMERCE AND DEVELOPMENT REPORT 2003

CHAPTER 2:  ICT, THE INTERTNET AND ECONOMIC PERFORMANCE: IMPLICATIONS FOR DEVELOPING COUNTRIES 55

Liebowitz S and Margolis S (1990). The fable of the keys. Journal of Law and Economics 33: 1–25.

Link AN, Paton D and Siegel DS (2002). An analysis of policy initiatives to promote strategic research partnerships. Research
Policy 31 (8–9): 1459–66.

Link AN and Siegel DS (2003). Technological Change and Economic Performance. London and New York, Routledge.

Loveman GW (1994). An assessment of the productivity impact of information technologies. In: Allen TJ and Scott Morton
MS, eds. Information Technology and the Corporation of the 1990s: Research Studies. New York, Oxford University
Press.

Maddison A (1982). Phases of Capitalist Development. New York, Oxford University Press.

Martin S and Scott JT (2000). The nature of innovation market failure and the design of public support for private innova-
tion. Research Policy 29 (4–5): 437–48.

Masten J and Hartmann GB (2000). The transfer of small business assistance strategies to emerging countries: The case of
Malawi. Journal of Technology Transfer 25 (3): 289-298. 

McGuckin RH and Stiroh KJ (1999). Computers and productivity: Are aggregation effects important? Unpublished manu-
script, November.

McGuckin RH, Streitwieser ML and Doms M (1998). The effect of technology use of productivity growth. Economics of
Innovation and New Technology 7: 1–27.

Moodley S (2002). Competing in the Digital Economy: The Dynamics and Impact of

B2B E-Commerce on the South African Manufacturing Sector. WIDER Discussion Paper 2002/79. United Nations Univer-
sity/World Institute for Development Economics Research.
http://www.wider.unu.edu/publications/publications.htm

Morrison C and Siegel D (1997). External capital factors and increasing returns in U.S. manufacturing. Review of Economics
and Statistics 79 (4): 647–54.

Morrison PCJ and Siegel DS (2001). The impact of technology, trade, and outsourcing on employment and labor composi-
tion. Scandinavian Journal of Economics 103 (2): 241–64.

Mowery D and Simcoe T (2003). Is the Internet a U.S. invention? An economic and technological history of computer net-
working. Research Policy 31 (8–9): 1369–87. 

Nordhaus WD (2002). The Mildest Recession: Output, Profits, Stock Prices as the United States Emerges from the 2001
Recession. NBER Working Paper No. 8938, Cambridge, MA.

Nour SSOM (2002). ICT Opportunities and Challenges for Development in the Arab World. WIDER Discussion Paper
2002/83. United Nations University/World Institute for Development Economics Research.
http://www.wider.unu.edu/publications/publications.htm

Oliner S and Sichel D (1994). Computers and output growth revisited: How big is the puzzle? Brookings Papers on Eco-
nomic Activity: Macroeconomics 2: 273–317.

Organisation for Economic Co-operation and Development (OECD) (2003). ICT and Economic Growth: Evidence from
OECD Countries, Industries and Firms, DSTI/IND/ICCP (2003) 2/FINAL. Paris, OECD, 22 April. 

Park KS (1996). Economic growth and multiskilled workers in manufacturing. Journal of Labor Economics 12: 254–85.

Parsons DJ, Gottlieb CC and Denny M (1993). Productivity and computers in Canadian banking. Journal of Productivity
Analysis 4: 91–110.

Pohjola M (2003). The adoption and diffusion of ICT across countries: Patterns and determinants. In: The New Economy
Handbook. Academic Press, forthcoming. 

Regev H (1998). Innovation, skilled labor, technology and performance in Israeli industrial firms. Economics of Innovation
and New Technology 5: 301–24.

Reilly KT (1995). Human capital and information. Journal of Human Resources 30: 1–18.

Sichel D (1997). The Computer Revolution: An Economic Perspective, Washington, DC, Brookings Institution.



56 CHAPTER 2:  ICT, THE INTERTNET AND ECONOMIC PERFORMANCE: IMPLICATIONS FOR DEVELOPING COUNTRIES

E-COMMERCE AND DEVELOPMENT REPORT 2003

Siegel D (1997). The impact of computers on manufacturing productivity growth: A multiple-indicators, multiple-causes
approach. Review of Economics and Statistics. 79 (1): 68–78.

Siegel D (1999). Skill-Biased Technological Change: Evidence from a Firm-Level

Survey. W. E. Upjohn Institute for Employment Research. Kalamazoo, MI, W. E. Upjohn Institute Press.

Siegel D and Griliches Z (1992). Purchased services, outsourcing, computers, and productivity in manufacturing. In: Grili-
ches Z, ed. Output Measurement in the Service Sector. Chicago, University of Chicago Press, 429–58.

Siegel DS, Waldman D and Link AN (2003). Assessing the impact of organizational practices on the relative productivity of
university technology transfer offices: An exploratory study. Research Policy 32: 27–48.

Siegel DS, Waldman D and Youngdahl WE (1997). The adoption of advanced manufacturing technologies: Human resource
management implications. IEEE Transactions on Engineering Management 44 (3): 288–98.

Solow RM (1987). We’d better watch out. New York Times Book Review, July 12: 36.

Stiroh KJ (1998). Computers, productivity, and input substitution. Economic Inquiry 36 (2): 175–91.

Stiroh KJ (2001). What drives productivity growth? Federal Reserve Bank of New York Economic Policy Review March: 37–
59.

Temple J (2002). The assessment: The new economy. Oxford Review of Economic Policy 18 (3): 241–64.

Udo GJ and Edoho FM (2000). Information technology transfer to African nations: An economic development mandate.
Journal of Technology Transfer 25 (3): 329-342. 

UNCTAD (2001). E-Commerce and Development Report 2001. United Nations publication, Sales no. E.01.II.D.30, New
York and Geneva.

UNCTAD (2002). E-Commerce and Development Report 2002. United Nations publication, New York and Geneva.

http://www.unctad.org/ecommerce

UNDP (2003). Human Development Report 2003. Published for the United Nations Development Programme. New York
and Oxford, Oxford University Press.

Wolff EN (1999). The productivity paradox: Evidence from indirect indicators of service sector productivity growth. Cana-
dian Journal of Economics 32 (2): 281–308.

World Information Technology and Services Alliance (WITSA) (2002). Digital Planet 2002: The Global Information Econ-
omy. Vienna, VA, WITSA.



E-COMMERCE AND DEVELOPMENT REPORT 2003

CHAPTER 2:  ICT, THE INTERTNET AND ECONOMIC PERFORMANCE: IMPLICATIONS FOR DEVELOPING COUNTRIES 57

Author(s) Methodology Country/Sector
Level of 

aggregation Results

Dunne, Foster, 
Haltiwanger and 
Troske (2000)

Regressions of labour 
productivity on 
computers

United States/
Manufacturing

Plant level Positive association btw. computers and 
labour productivity, which appears to be 
growing over time

McGuckin and Stiroh 
(1999)

Cobb-Douglas 
production function 
with computer capital

United States/
Manufacturing and 
service

Aggregate, major 
sector and 2-digit SICa 
industry levels

Evidence of excess returns on computer 
capital at each level of aggregation

Lehr and 
Lichtenberg (1999)

Cobb-Douglas 
production function 
with computer capital 
and labour

United States/
Manufacturing and 
service

Firm level Excess returns on computer capital, 
especially PCs; returns on computers appear 
to have peaked in 1986 or 1987

Wolff (1999) Regressions of non-
parametric measures 
of total factor 
productivity growth 

United States/
Manufacturing and 
service

Industry level
(85 sectors)

No evidence of positive relationship btw. 
computers and productivity growth; weak 
evidence of positive association in goods 
industries during 1977–87

Licht and Moch 
(1999)

Cobb-Douglas 
production function 
including 3 types of 
computers (terminals, 
UNIX workstations 
and PCs)

Germany/
Manufacturing and 
service

Firm level Strong positive relationship btw. PCs and 
productivity in manufacturing and services

Gera, Wu and Lee 
(1999)

Cobb-Douglas 
production function 
with computer capital

United States and 
Canada/
Manufacturing

Industry level Positive correlation btw. investment in 
computers and labour productivity growth

Bharadwaj, 
Bharadwaj and 
Kronsynski (1999)

Regressions of Tobin’s 
q on measures of 
investment in IT

United States/
Manufacturing and 
service

Firm level Positive association btw. investments in IT 
and Tobin’s q

McGuckin, 
Streitwieser and 
Doms (1998)

Regressions of labour 
productivity on 
dummies denoting 
whether plant uses 
computer-based 
manufacturing 
technology

United States/
Manufacturing and 
service

Plant level Plants using advanced computer-based 
technologies have higher productivity levels; 
weaker evidence on relationship btw. 
technology use and productivity growth

Lehr and 
Lichtenberg (1998)

Cobb-Douglas 
production function 
with computer capital 
and labour

United States/
Public sector

Organizational level
(government 
agencies)

 Excess returns on computer capital 

Stiroh (1998) Sectoral growth 
accounting methods 
and regression 
analysis based on 
Cobb-Douglas 
production function 

United States/
Manufacturing and 
service

2-digit SIC industry 
level

Computer-producing sector (SIC 35) has 
made a strong contribution to economic 
growth; computer-using sectors have not 
made a similar contribution. No evidence of 
positive relationship btw. computers and total 
factor productivity growth at the sectoral level.

Siegel (1997) Latent variables 
model:
regressions of 
parametric and non-
parametric measures 
of total factor 
productivity growth on 
rate of investment in 
computers

United States/
Manufacturing
4-digit SIC 

Industry level When controls are included in the model for 
measurement errors, computers have 
statistically significant positive impact on 
productivity

Morrison and Siegel 
(1997)

Dynamic cost function 
estimation with ìhigh-
techî capital 

United States/
Manufacturing 

4-digit SIC
industry level

“External” investments in computers by 
related industries (4-digit industries within a 2-
digit sector) enhance productivity

Annex I

Recent Empirical Studies of the Impact of ICT on Economic
Performance
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Author(s) Methodology Country/Sector Level of 
aggregation

Results

Greenan and 
Mairesse (1996)

Cobb-Douglas 
production function 
with computer capital

France/
Manufacturing and 
service

Firm level Impact of computers is positive and at least as 
large as for other types of capital. Returns 
appear to be higher in services than in 
manufacturing

Brynjolfsson and Hitt 
(1996)

Cobb-Douglas 
production function 
with computer capital 
and labour

United States/
Manufacturing and 
service 

Firm level Excess returns on computer capital and 
labour

Lichtenberg (1995) Cobb-Douglas 
production function 
with computer capital 
and labour

United States/
Manufacturing and 
service

Firm level Excess returns on computer capital and 
labour

Oliner and Sichel 
(1994)

Growth accounting 
methods to estimate 
the contribution of 
computers to 
economic growth

United States Aggregate level Under standard neoclassical assumptions, 
computers account for only a small 
percentage (0.15%) of average annual 
economic growth

Jorgenson and 
Stiroh (2000)

Sectoral growth 
accounting methods

United States Aggregate level Growth contribution of computers increased 
substantially in mid- to late 1990s

Parsons, Gottlieb 
and Denny (1993)

Estimation of a 
translog cost function 
with computer capital

Canada/
Service

Industry level Very low returns on investments in computers 
for banks

Loveman (1994) Estimation of a Cobb-
Douglas production 
function

United States/
Manufacturing and 
service

Business unit level Output elasticity estimates for computers 
insignificantly different from zero  (ìmarginal 
productî of computers is 0)

Siegel and Griliches 
(1992)

Correlation btw. non-
parametric measures 
of total factor 
productivity and rate of 
investment in 
computers

United States/
Manufacturing

4-digit SIC
industry level

Positive correlation btw. rate of investment in 
computers and total factor productivity growth

Positive correlation btw. rate of investment in computers and total factor productivity growth
a Standard international classification.
Source: Link and Siegel (2003), pp. 93–95. 

Annex I (continued)
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Author(s) Methodology Country Level of 
aggregation

Indicators
of technical 

change

Measures
of labour 

input

Results

Bartel and 
Sicherman 
(1999)

Estimation of 
wage equations

United States Worker data 
(NLSY)b 
matched to 
industry-level 
data

Expenditures on 
computers, R&D

Non-production 
and production 
workers

Positive correlation btw. wages and 
proxies for technical change, which 
is stronger for non-production 
workers than for production 
workers; wage premium attributed 
to greater demand for ability in 
industries experiencing 
technological change

Haskel (1999) Regressions of 
changes in 
relative wages of 
workers on 
computers

United 
Kingdom

3-digit SICa 
industry level

Dummy variable 
denoting 
whether a plant 
introduced new 
equipment using 
microchip 
technology

Skilled and 
unskilled 
workers

Positive correlation between 
relative wages and computers; 
wage premium for skill rose 13% in 
1980s in UK; computers account for 
about half of this increase

Morrison and 
Siegel (2001)

Dynamic cost 
function 
estimation with 
ìhigh-techî capital

United States 4-digit SIC
industry level

Computer 
capital  and R&D

Four types of 
workers, 
classified by 
level of 
education

Computers and R&D reduce 
demand for workers without college 
degree and increase demand for 
workers with at least some college. 
Trade has a strong indirect impact 
on demand for less educated 
workers, because it stimulates 
additional investment in computers

Berman, Bound 
and Machin 
(1998)

Cross-country 
correlations of 
within-industry 
changes in 
proportion of non-
production 
workers

9 OECD 
countries

2 and 3-digit SIC 
industries

Expenditures on 
computers, R&D

Employment and 
wage shares for 
production and 
non-production 
workers

Positive correlation across 9 OECD 
countries in within-industry 
changes in shares of non-
production workers

DiNardo and 
Pischke (1997)

Estimation of 
wage equations

Germany Worker data 
(NLSY) b 
matched to 
industry-level 
data

Dummies for 
whether a 
worker sits 
down, uses a 
telephone, 
calculator, pen 
and pencil

Detailed data on 
workers: age, 
sex, race, union 
status, region

Workers who use a computer earn 
a wage premium, but so do those 
who sit down while they work or use 
a calculator, telephone, pen and 
pencil

Park (1996) Regressions of 
changes in 
relative wages of 
skilled and 
unskilled workers 
on computers

Korea 2-digit SIC 
industry level

Growth in labour 
productivity

All workers, 
excluding 
unskilled

Positive correlation btw. labour 
productivity growth and proportion 
of multiskilled workers in Korean 
manufacturing

Entorf and 
Kramarz (1998)

Estimation of 
wage equations

France Data on workers 
and firms that 
employ them

Firm-level data 
on use of 3 
computer-based 
technologies

Occupational 
mix: unskilled 
and skilled blue-
collar, clerks, 
managers, 
engineers, 
professionals

Positive correlation btw. technology 
use and wages; highest wage 
premiums earned by those with 
lowest skill level

Annex II

Recent Empirical Studies of the Impact of ICT
on Wages and Labour Composition
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Author(s) Methodology Country Level of 
aggregation

Indicators
of technical 

change

Measures
of labour 

input

Results

Regev (1998) Estimation of 
production 
function

Israel Firm level Technology 
Index based on 
quality of labour 
and capital and 
R&D investment

No 
decomposition 
of labour

Technology intensive firms pay 
higher average wages, generated 
new jobs during a period of 
downsizing

a Standard international classification.
b National Longitudinal Survey of Youth 
Source: Link and Siegel (2003), pp. 82–87.
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Country Description of initiative

Chile Developed a successful software industry through a public-private partnership involving firms,
universities and government

Egypt Initiated several useful IT applications in employment and e-government and established a
regional information technology development centre

Gambia Developed an effective telecommunications infrastructure with several applications

India Developed its own satellites to establish information and communication systems that reach rural
areas

Singapore Use of EDI at harbour, which is now ranked among world’s best in IT use

Tunisia Established a regional information technology development centre

Source: Udo and Edoho (2000).

Annex III

Examples of Innovative ICT Initiatives in Developing Countries


