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Foreword

The development and spread of information and communication technologies
(ICT) to all areas of human activities is accelerating changes in economies and
the societies worldwide. ICT has not only changed the mode of doing business,
it has also changed the mode of all communications. The change is dramatic,
both in speed and style. All indications tell us that it is going to be still more
dramatic in the years to come.

Four things impress me very much about ICT: it connects everybody and
everything at a very basic level, and it is borderless, timeless, and, best of all,
almost costless. With all these attributes combined, ICT has enormous poten-
tial to create a new human society, and a new civilization. By itself ICT will not
create or destroy anything. It will facilitate the rise of human capabilities to new
heights. The creative design and innovative use of ICT will accomplish this. I
have been urging, as passionately as I can, that we should not allow the future
of mankind to be decided by the random needs, whims, and pleasures of indi-
vidual users of ICT. Let there be a global vision, and a global commitment to
translate this vision into reality through the use of ICT in the most creative
ways. We must put the full power of ICT to use to accomplish the fond dreams
of all ages: ending poverty and hunger, ensuring equality of all human beings,
human rights for all, gender equality, equal opportunity to all, healthcare for all,
education for all, good governance, peace among nations, and so on.

ICT can perform miracles in making human dreams come true faster than
anything else, provided we devote our creativity and ingenuity in that direction.
It must be a deliberate decision, carried out with nonstop efforts. Since we know
very well that necessity is the mother of invention, we have to sit down and de-
fine our necessities and prioritize them. Every single effort for ending poverty
in the world can become more effective with ICT than ever before. ICT has one
great quality—we can use it for any purpose. It fits snugly into any need we
want to use it for. If we want to solve the problem of hungry people finding food,
ICT will help if we can come up with the right idea.

I even argue that ICT can become an “Aladdin’s Lamp” in the hands of a
poor woman. When she rubs the lamp, the digital genie will come out of the

Xix



xx Foreword

lamp and say, “What can I do for you, Ma’am?” And the genie will make sure
she gets the best possible solution to her problem.

Presently ICT designers are not paying attention to exploring these issues.
Overwhelmingly, ICT is now used for making life easier for people whose life
already is easier than it is for most. Since ICT is being looked at as a tool to
make businesses flourish, designers are busy filling business-to-business and
business-to-consumer needs.

We at Grameen Bank have tried to bring ICT to the poor. We give loans to
our borrowers to become telephone ladies. A borrower buys a cell phone and
starts the business of providing telecommunications service to villagers. She
achieves instant success. She does so well in this business that her family moves
out of poverty in about two years. There are now 170,000 telephone ladies in
this program. By next year we expect the number to reach 300,000. In each tele-
phone lady’s case, the telephone is not only a business, it is power in her hand—
social, economic, political, and personal power.

Of course, ICT is much more than just making phone calls. We have a
whole range of possibilities to empower each poor person and enable them to
break out of poverty. Poverty is nothing but layers and layers of old ideas and
economic and social relationships that keep the poor tightly wrapped, like a
cocoon. Poor people need the power to cut themselves free from their cocoons
and be liberated. ICT can play the most effective role in helping the poor cut
through their cocoons.

This book makes an important contribution to our understanding of the
potential that ICT has in making that happen. It does so by clarifying the con-
ditions that are necessary for success. The book points out that in order to make
it usable and useful to the poor, ICT must be conceptualized differently, with
appropriate design of the gadgets and institutions. An upsurge of innovations is
needed. Social business entrepreneurs have to step in in a big way, along with
conventional businesses and government. It is my hope that the research reported
in this book will help catalyze a big effort to widen poor people’s access to ICT
in ways that will make it easier and quicker for them to get out of poverty and
go far beyond it.

Professor Muhammad Yunus
Founder, Managing Director
Grameen Bank, Bangladesh
November 8, 2005
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1 Introduction and Overview

JOACHIM VON BRAUN AND MAXIMO TORERO

Scope and Approach

We live in the age of information. The development and proliferation of elec-
tronically communicated information has accelerated economic and social
change across all areas of human activity worldwide, and it continues to do so
at a rapid pace. While the use of information and communication technologies
(ICT) largely remains concentrated in the developed world, ICT diffusion is
reaching developing countries, bringing with it high hopes of positive devel-
opment outcomes. Yet why is ICT—among so many modern technologies—
assigned such importance in the development context? Certainly, through its in-
herent public-good characteristics, ICT is unique in having an impact beyond
the individual user’s welfare as a consumption good. Moreover, ICT infra-
structure offers specific economies of scale that stimufate network building and
network externalities (meaning that an existing ICT user may well benefit from
the addition of new network users). But economic performance is determined
not only by financial and human capital but also by social capital (Coleman
1988; Putnam 1993; Fukuyama 1995; Knack and Keefer 1998). Relationships
form a network, and the network’s size and diversity determine access to in-
formation. ICT enables interactive communication unhindered by distance, vol-
ume, medium, or time. This feature promotes greater inclusion of individuals
within networks and, even more importantly, increases diversity of participa-
tion by overcoming the barriers of physical distance and social standing. The
immediacy and reach of ICT also promote faster, more efficient, and uitimately
better decisionmaking across all fields of endeavor. ICT has the potential to
accelerate growth, create jobs, reduce migration pressure from rural to urban
areas, increase agricultural and industrial productivity, increase services and
access to them, facilitate the diffusion of innovations, increase public adminis-
tration efficiency and the effectiveness of economic reforms, strengthen com-
petitiveness in developing countries, and encourage greater public participation
and democracy (G8 2000; DOT Force 2001; UNDP 2001). In short, ICT has
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the potential to foster not only economic development and democracy but also
sustainability in the process.

It must be noted, however, that some commentators are much more skep-
tical in their views of the benefits of ICT for development. They argue that
access to ICT largely depends on education, income, and wealth, and that the
so-called digital divide is only a part of a much broader development divide
{Hewitt de Alcantara 2001; Sciadas-Orbicom 2002; Sciadas 2003). Limited
education, inadequate language skills, or lack of resources could prevent dis-
advantaged segments of the population from accessing ICT, ultimately exacer-
bating information gaps and increasing income inequality between and within
countries. The income gap would be widened further if ICT use raises the de-
mand for skilled labor and—by its introduction into manufacturing and service
industries—reduces the demand for unskilled labor, at least in the short term.
It is often argued that developing countries have other, more pressing invest-
ment priorities, such as food, safe water, education, and public health, and
that devoting limited resources to ICT must be justified on the basis of its op-
portunity costs relative to other development agendas (Heeks 1999). Finally,
the spread of ICT has led several commentators to argue that it is creating a
new “information economy” whereby information is becoming the critical re-
source and basis for competition, leaving developing countries with no choice
but to invest in ICT in order to participate in the emerging global economy and
avoid the tremendous costs of exclusion (Bedi 1999). On this basis, the goal
may be not so much bridging the digital divide but rather ensuring that it does
not expand.

Little conceptual and empirical research has been conducted to study the
direct and indirect economic linkages between ICT and poverty reduction. The
variety of views about ICT indicate that its role in development is unclear, es-
pecially without convincing evidence of its impact.! Although it may be true
that the spread of ICT is a global trend that developing countries cannot afford
to ignore, it is important to explore proactively the conditions that would be re-
quired for ICT to contribute positively to sustainable development and, con-
sequently, to poverty reduction. This book attempts to shed light on how ICT
affects economic development in low-income countries, how it affects poor
people in these countries, and what policies and programs facilitate its poten-
tial to enhance development and the inclusion of poor constituents. Poverty
is looked at from the perspective of “livelihood security,” which comprises

1. Harris (2004), for example, describes how ICT is used to alleviate poverty. The authors
provide several case studies, although they show significant variation in terms of impacts. Sciadas
(2003) focuses on the macro-level in developing a framework to quantify and monitor the divide
in order to compare data across countries and within countries over time. The authors found that
the same kinds of ICT that create the digital divide (Internet use, cellular phones, and Internet net-
works) are also the ones that have the potential to overcome it.
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income—determined by physical and human capital, labor, social networks,
rights and powers, and access to public goods—and risk (or vulnerability),
which is a function of local and international conditions, human behavior, and
the probability of shocks affecting income such as illness, loss of employment,
natural disasters, and so on.

Today ICT is generally understood to encompass both equipment and ser-
vices that facilitate the electronic capture, processing, display, and transmission
of information. In broad terms this includes the computing industry (hardware,
software, networks, the Internet, and related services); electronic data process-
ing and display (such as photocopiers, cash registers, calculators, and scanners,
as well as a myriad of less well-known machines specifically tailored to pro-
duction and manufacturing);? telecommunications and related services (such as
fixed and cellular telephones, facsimile machines, instant messaging, tele-
conferencing, and so on); and audiovisual equipment and services (including
television, radio, video, DVDs, digital cameras, compact disks, MP3 players,
and so on). As previously mentioned, few studies have looked at the prospec-
tive relationship between ICT and development, especially from an economic
perspective and with appropriate economic rigor. A significant inhibiting fac-
tor is the dearth of comprehensive statistical data—although efforts are cur-
rently under way to address this issue. In the interim, we need to rely on the
information that is available. For this reason, and because telephony is the pri-
mary infrastructure that facilitates ICT access, this volume largely focuses on
telephony as a proxy for ICT more generally. When it comes to a direct link to
poor communities and poor people, the telephone still plays a key role. Although
the telephone was invented more than a century ago, many people still have
never made a phone call, and universal service provision in poor areas of low-
income countries—in terms of neighborhoods, not necessarily households—
has yet to be achieved. Realistically, for the foreseeable future, telephony is the
ICT that will have the greatest penetration and impact when it comes to poor
people. Telephony is important not only as a channel of improved access to in-
formation and communications but also as a prerequisite for the widespread use
of more advanced technologies such as the Internet. Internet services have in-
creasingly become important for the delivery of pro-poor public goods and com-
munity services—such as the use of very small aperture terminals (VSATS) for
wireless Internet access in remote areas and voice recognition systems for illit-
erate users—especially as costs drop and as technologies advance to overcome

2. The case study on garment manufacturing enterprises in India presented in Chapter 4 of
this volume provides a good example, whereby computer-aided design (CAD) is used in combina-
tion with scanners and plotters to create and modify patterns; determine fabric layouts that reduce
fabric wastage; and transpose electronic patterns to paper, saving the time and labor that would
otherwise be required to perform these functions manually.
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difficulties in service provision. Nonetheless, Internet service penetration is still
low, and the majority of Internet users are in developed countries and the more
affluent segments of developing-country populations.

It is important also to keep in mind that access to information through ICT
is a question not only of connectivity but also of capability to use the new tools.
It is also dependent on content, in terms of relevant information provided in
accessible and useful forms. While these three “Cs” are certainly critical, it is
the first, connectivity, that matters most for poor people given that it is a pre-
requisite for the others. This will be shown in some of the detailed micro-studies
in the volume. ICT development, meaning improvement of the three “Cs” within
a given country, depends on a set of supply-and-demand interactions between
domestic and international public and private driving forces.

For poor people, the ability to use and to access information efficiently is
critical in terms of resource allocation, be it labor, capital, or natural resources.
On this basis, ICT can affect all the determinants of livelihood security men-
tioned earlier and, in doing so, reduce poverty. More specifically, ICT may con-
tribute to poverty alleviation through the following avenues:

* Making markets more accessible to both households and small enterprises.
For households, see, for example, Arunachalam (2002) and Bhatnagar and
Schware (2000) on lessons drawn from experiences in 17 cases in appli-
cations of ICT in the delivery of services or products in rural areas in India;
for small enterprises, see, for example, Duncombe and Heeks (2001) and
Tanburn and Singh (2001).

Improving the quality of public goods provision, such as health services.
In developed nations, for example, the Internet is already being used as a
key source of health information by individuals and practitioners (see, for
example, Eysenback, Sa, and Diepgen 1999; Braa et al. 2001; Riegelman
and Persily 2001; and Séror 2001). Similar trends in ICT access are found
throughout the developing world, where a number of case studies world-
wide show evidence of the potential for ICT to influence health outcomes
in rural areas. For instance, doctors in rural Cambodia report benefiting
from greater access to health information through mobile wi-fi (wireless)
systems in rural schools (Brooke 2004). In Andhra Pradesh, India, a group
of hospitals have established a center that offers medical advice via email
to rural inhabitants with low-cost access to ICT. In Sub-Saharan Affrica,
the Internet has helped remote communities access health information,
receive professional help for X-ray film evaluations, detect emerging epi-
demics, and facilitate vaccination campaigns (Harris 2002).

Improving the quality of human resources, primarily through education
services. A typical example is the African Virtual University, a network of
universities that have joined with the World Bank in bringing courses in
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computer science and business management to African students and pro-
fessionals (www.avu.org).?

» Allowing more effective utilization of existing social networks, or extend-
ing them. For example, some forms of ICT have been used to design global
telecommunications networks such as HealthNet,* which links healthcare
workers around the world via email.

*» Creating new institutional arrangements to strengthen the rights and
powers of poor people and communities. For example, Fleming (2002) ex-
plores some of the potential and current reality of using ICT to strengthen
democracy development in South Africa; the study concludes that access
to information does play a crucial role in informing citizens about govern-
ment activities, thus encouraging people to engage with decisionmakers
on issues of governance.

Technological change in ICT reduces the unit price of goods and services
and stimulates the development and adoption of new products. This is facili-
tated in part by foreign and domestic research and development (R&D) policies
and by prevailing regulatory frameworks. Thus, low-income countries, and poor
people in particular, have next to no impact—either directly or indirectly—in
determining market expansion or development. And while they have an ex-
tremely marginal role when it comes to demand, they have even less influence
on the forces that drive the supply of ICT. This reality is increasingly being
recognized and has prompted international public action, or at least calls for ac-
tion.> This is partly driven by the perception that there may be tremendous under-
investment in ICT for the poor and in related pro-poor public goods. Moreover,

3. For possible impacts on distance learning see Day, Raven, and Newman (1998) and
Navarro and Shoemaker (2000).

4. HealthNet is provided by a nonprofit organization, SatelLife, with assistance from local
and international partners. More than 10,000 members worldwide currently use the system, and
many physicians rely on HealthNet as their sole source of information on HIV/AIDS and tropical
diseases. For more information see www.healthnet.org.

5. The Digital Opportunity Task Force (DOT Force) sprang from the G8 summit held in
Kyushu-Okinawa (Japan) in July 2000. At the summit, a charter on the global information society
was adopted by leaders from G8 countries (Canada, France, Germany, Italy, Japan, Russia, the
United Kingdom, and the United States). This, the Okinawa Charter, provided the mandate under
section 18 for the establishment of DOT Force, which was subsequently formed during the fourth
quarter of 2000 (see www.dotforce.org). Similarly, the United Nations ICT Task Force, which was
launched in November 2001, aims to “provide overall leadership to the United Nations role in help-
ing to formulate strategies for the development of information and communication technologies
and putting those technologies at the service of development and, on the basis of consultations with
all stakeholders and Member States, forging a strategic partnership between the United Nations sys-
tem, private industry and financing trusts and foundations, donors, programme countries and other
relevant stakeholders in accordance with relevant United Nations resolutions (www.unicttaskforce
.org/about/planofaction.html).
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the potential to include the poor and low-income countries via fast-tracking
access to new ICT (also known as leapfrogging)® has raised additional expec-
tations and hopes. As in discussions on the issues of ICT for development in
general, much of the expected positive impact of ICT on poverty and low-income
countries remains hypothetical. Equally hypothetical is the possibility that
low-income countries and poor people in the services sector may be adversely
affected by ICT because certain jobs related to information gathering, infor-
mation, and communications may be taken over by new technologies. Overall,
this volume aims to offer a conceptual clarification of the potential and emerg-
ing impacts of ICT on low-income and poor countries and how the direction of
these impacts could be guided to benefit the poor. The available literature con-
sists mostly of journalistic or short-term business studies rather than in-depth
conceptual and empirical research on the impact of ICT at the household or
community level, and on how the small and medium-sized enterprise (SME)
sector in low-income countries has been or will be affected by ICT. Similarly,
it is said that there is huge potential for ICT to deliver important pro-poor pub-
lic goods, such as relevant types of health and education services, but there is
little research on outcomes. Acknowledging that the majority of poor people
live in rural areas, this book aims to reduce some of these deficits by present-
ing and synthesizing new research in this field and by providing theoretical and
conceptual analyses to guide policy priorities, teaching, and further research.
Thus, the objective is to explore the actual and potential linkages between ICT,
economic growth, and development in low-income countries and the direct and
indirect effects of ICT on poor people’s livelihoods.

The book’s broad conceptual framework examines the driving forces af-
fecting the supply of and demand for ICT. It also identifies economic and social
benefits in general and poverty outcomes in particular, as summarized in a sim-
plified chart (Figure 1.1).

Figure 1.2 and Table 1.1 provide more detail on this conceptual framework
to illustrate how ICT could promote economic and social benefits. The frame-
work will be revisited in subsequent chapters as new material is presented.
Essentially, the issues addressed are the high costs of acquiring information
and how these costs may cause markedly different behavior than would have
occurred if information had been more readily available.

Lack of information may reduce the extent of mutually beneficial ex-
changes and lead to economywide inefficiencies. Information constraints will
also cause considerable market and event uncertainty surrounding economic and
administrative decisions in least developed countries (LDCs). Such insecurity
has implications for the efficiency, productivity, and welfare of various agents

6. Leapfrogging implies skipping many, if not most, of the rungs of the technology develop-
ment “ladder” by directly adopting more advanced technologies.



FIGURE 1.1 ICT and development: A conceptual base
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in the economy, and, in this context, ICT can play a key role by facilitating the
acquisition and processing of information. While the development of appropri-
ate infrastructure will have direct and indirect effects for people and organiza-
tions, the economic effect will be reduced transaction costs, expanded markets,
and increased efficiency. At the same time, ICT could help to provide better
social services and strengthen informal social safety nets. Regardless, driving
forces in the form of public, private, and international institutions are necessary
preconditions for ICT growth.

The book describes empirical studies from a variety of developing coun-
tries (Figure 1.3), providing a view of the impact of ICT under different social,
economic, and especially institutional conditions (Figure 1.4).

Hypotheses and Issues Addressed

Neither unduly enthusiastic nor untested negative positions are taken through-
out the volume regarding the potential and limitations of ICT for poverty re-
duction. Five sets of critical hypotheses were formulated from a clearly skeptical
perspective to challenge both the authors and the readers. These hypotheses
form the basis of the book’s five main chapters (Chapters 2 through 6):

1. No clear link exists between ICT growth and economic growth; a key fac-
tor may be the lack of a critical mass. Leapfrogging is not happening, and
ICT in developing countries has not reached the critical mass necessary to
capture network externalities; hence, gaps between high- and low-income
countries are widening, and impacts are not reflected in economic growth.
This is addressed in Chapter 2.

2. Weak institutions block effective use of ICT. The institutional setup in de-
veloping countries is insufficient to facilitate public and private investment
in ICT infrastructure at a scale and scope to meet the specific needs of the
economic structure and rural-urban settlement patterns. In other words,
lack of institutional development hinders fundamental supply and demand
interactions in ICT markets. This is addressed in Chapter 3.

3. ICT has not been adapted to low-income countries and no impact is seen
on SMEs or households.

a. SME access to ICT remains constrained. As ICT is basically developed
by and marketed in high-income countries, lack of appropriate technolo-
gies and content persists. Adaptation and innovation are not occurring
because institutional and market strength in low-income countries is
lacking. This is addressed in Chapter 4.

b. Household access to ICT remains constrained. ICT in low-income
countries—implicitly or explicitly—excludes poor people, especially
those in rural areas and urban ghettos, thereby accelerating their mar-
ginalization. In addition to the issues of price and availability, there
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FIGURE 1.4 Numbers of fixed telephone lines and gross domestic product per
capita, 2000
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seem to be three principal types of barriers preventing the effectiveness
of ICT in influencing household behavior, knowledge, and economic
activity. These are barriers that prevent the use of ICT for purposes re-
lated to household economic activity; barriers resulting from lack of the
skills needed to access online information; and barriers to the diffusion

of online content. This is addressed in Chapter 5.

4. ICT has yet to play a role in the provision of pro-poor public goods and
services. A number of potential barriers to the effectiveness of ICT exist
in rural areas. Apart from the provision of facilities and technical support,
sociocultural factors are likely to affect the success of ICT interventions
related to health, education, and other public goods and services in terms
of information diffusion generally and the impact of providing informa-

tion via the Internet. This is addressed in Chapter 6.

Overview and Structure of the Book

An overview of the book is provided below, once again within the context of
the five hypotheses introduced earlier. The hypotheses are also revisited, tested,
and assessed throughout the book, particularly in the concluding chapter (Chap-

ter 7).
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Economic Growth and Pro-Poor Development

Because of the potentially important role of economic growth for pro-poor de-
velopment (Dollar and Kraay 2002), Chapter 2 examines the linkage between
economic growth and ICT through an empirical analysis of international and
cross-country comparisons, focusing on the driving forces and broad develop-
ment outcomes of ICT. As mentioned, inadequate communications facilities
and high transmission costs reduce the use of existing information in develop-
ing countries and inhibit production of new information. Hence, the introduction
of reliable and speedy ICT may have several effects. First, reduced transmission
costs will lead to a rightward shift in the information supply curve—meaning
a reduction in price and an increase in the quantity of information. Second, in-
creased ICT will reduce the cost of producing and processing information,
thereby increasing the amount of information, in turn further reducing the price.
The use of ICT will also likely enhance the quality of available information as
the technologies foster timely and reliable information delivery. This may lead
to improved organizational procedures with respect to management and internal
and external relationships, which would eventually bring about improvement in
a country’s overall economic performance.

One of the revolutionary aspects of ICT is the decoupling of information
from property, which enables information to be immediately transmitted and
shared by many people without the physical movement of information or peo-
ple (Evans and Wurster 1997; Pohjola 1998). This nonrival use of information
may generate large content-related externalities. The use of ICT networks is
also nonrival in nature, and an increase in network size generates network ex-
ternalities. Thus, the effects of ICT cannot be understood by looking at single
enterprises or households only: changes in business networks and other social
relationships must also be considered. ICT is not just a technological innova-
tion; it also increases the knowledge content of products and services and brings
about previously unknown products, jobs, and livelihoods.

On the other hand, there are several prerequisites to realizing the benefits
of ICT, and as the technology becomes more sophisticated, more resources and
skills are needed. Accessing information via ICT requires numerous resources,
including telecommunications infrastructure to provide network access, elec-
trical infrastructure to power ICT, skills to maintain the technologies, money to
buy or access the technologies, skills to utilize the technologies, and literacy
and language skills to understand the content (Heeks 1999). Recent empirical
research across a large number of countries has shown that a broad range of so-
cial, economic, and political factors need to be in place for ICT development—
and especially Internet development—to occur in a country. The presence of
the technology is insufficient; it also depends on educational attainment, polit-
ical freedom, a service-based economy, and technological infrastructure (Robin-
son and Crenshaw 1999).
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In the presence of ICT externalities, and in the possible presence of a
reverse causal relationship between ICT use and development (meaning that
development could be causing ICT growth rather than the other way around),
capturing the effects of increased ICT access is not an easy task. The effects of
other factors such as trade liberalization and shifts in demand patterns because
of changes in income make the task more complicated. The same is true for
determining the relationship between ICT investments and growth. Whereas
several authors find a positive correlation using a simple econometric frame-
work, other estimates that take econometric problems such as omitted variables
and endogeneity bias into account indicate that telecommunications density
(teledensity for short)” has no impact on growth (Jimenez 1995; Bedi 1999). The
positive associations between ICT and growth may be mutually reinforcing be-
cause countries experiencing high growth might have higher demand for and
investment in these new technologies; the technologies may in tum provide the
potential for future income growth.

Roller and Waverman (2001) present cross-country estimates of the effect
of telecommunications on output based on a cross-section of 21 countries of
the Organisation for Economic Co-operation and Development (OECD) over
20 years. The two-way relationships between growth and ICT require careful
consideration in estimating real impacts. The authors account for these issues
of endogeneity by estimating a four-equation model that enables them to cap-
ture the impact of telecommunications infrastructure. They also control for fixed
effects (meaning additional unobserved variables that are fixed over time and
can influence the results) within countries. Despite the drop in the magnitude
of the elasticity on the telecommunication infrastructure, the growth effect at-
tributed to telecommunications infrastructure is still quite large.

Chapter 2 adopts a framework and specification similar to those used by
Réller and Waverman (2001), whereby telecommunications are endogenized
by estimating a demand and supply model for telecommunication investments.
A macroproduction function is simultaneously estimated. The empirical work
is based on a data set that includes 113 countries and covers a time period from
1960 to 2000. The primary aim is to examine whether the idea of a critical mass
is valid for a larger sample of nations and a longer time period, emphasizing an
examination of this relationship for developing countries in particular.

Institutional Aspects and Public Policy Issues

From the 1960s and 1970s, advances in neoclassical economic theory investi-
gated the causes and consequences of transaction costs, uncertainty, incomplete
markets, and imperfect and asymmetric information, challenging the traditional

7. Teledensity (also referred to as penetration rate) is the number of telephone lines per
100 inhabitants.
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assumptions of costless exchange at market clearing prices. This provided a
new perspective—the “information-theoretic” approach to understanding de-
velopment (Bedi 1999), which is illustrated by the costly nature of acquiring
information, especially in the developing-country context (Geertz 1978). Diffi-
culties involved in accessing and using information in developing countries
have numerous implications for the poor. The high costs for acquiring infor-
mation lead to less information input in decisionmaking processes and thus
potentially suboptimal behavior. Eventually, lack of information may reduce
mutually beneficial exchanges and lead to economywide Pareto inefficiencies
(Greenwald and Stiglitz 1986; Arnott, Greenwald, and Stiglitz 1994). Thus, al-
leviating information constraints helps developing countries to reduce poverty
and accelerate economic development. Consequently, the key role of ICT for
development lies in its ability to handle and communicate information. None-
theless, ICT is not a panacea and should not replace other urgent development
agenda items. Hence, a basic issue is determining the optimal structure and
levels of private and public investment in ICT or information services to achieve
maximum benefit at the lowest cost.

Institutional aspects and public policy issues related to ICT are addressed
conceptually and theoretically in Chapter 3. The role of government and ap-
propriate regulation (or deregulation) measures are addressed with respect to
their effects on the provision of information services at a national level, gener-
ally and for disadvantaged populations. The chapter begins with a discussion of
the institutional factors needed for ICT to develop, and the kinds of interven-
tions being used today. Essentially, the chapter focuses on how different forces
—such as government, market, and individual users—are contributing to the
development of ICT in general, and what measures are required to ensure
broader and more equitable access to ICT services. Experiences from general
development trends in ICT sectors are analyzed, and the cases of five develop-
ing and transition countries (Bangladesh, China, Ghana, Laos, and Peru) pro-
vide examples of different outcomes under different institutional frameworks.

Economic Effects at the Firm Level

In many developing countries, SMEs account for a significant share of em-
ployment; consequently they are linked with poverty reduction. Developing-
country SMEs are especially challenged by globalization and the changing
importance of various determinants of competitiveness. The basic question is
whether the use of ICT can help SMESs increase their productivity and cope with
these new challenges.

Business networks that could be strengthened through the availability of
better information and communication channels may provide significant bene-
fits to SMEs. They may not only reduce search and screening costs but also help
produce economies of scale by efficiently sharing privately owned resources.
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They can also form the basis for collective action aimed at the provision of
public goods and the facilitation of flows of information about technological
and organizational innovations and best practices (Barr 2000). These knowl-
edge spillovers between enterprises can in turn facilitate economic growth
(Romer 1993).

The rapid development of ICT might not only increase the performance of
existing enterprises but also open up new sectors in which developing countries
could gain a comparative advantage. The increased importance of trade in ser-
vices could then increase the possibilities for developing countries to partici-
pate in e-commerce, and the increased use of ICT in enterprises could lead to
a substitution of ICT equipment for other forms of capital and labor. In turn,
this could generate substantial returns for enterprises that invest in ICT and re-
structure their organizations. However, this does not necessarily imply that the
total factor productivity (TFP) in the whole economy will increase. In fact,
though TFP itself has been found to increase with technical change in indus-
trial countries, the overall growth of TFP associated with technical change has
actually declined with the increased use of ICT in the past 10-20 years (Jor-
genson and Stiroh 1999).

The diffusion of ICT may increase the demand for skilled labor, rendering
some traditional skills and a variety of jobs redundant, especially jobs requir-
ing unskilled labor. A large body of empirical literature has examined whether
the recent increases in wage inequality in the United States and other developed
countries are related to an ICT-induced increase in the relative demand for skilled
labor. Consistent with the notion that skilled workers and advanced manufac-
turing technologies are complements, Doms, Dunne, and Troske (1997) find a
positive correlation between the two variables for the United States. While these
technologies may exacerbate wage inequality in some countries, the outcome
will probably vary from one country or region to another and will be determined
by the supply of labor and institutional features of the labor market (Bedi 1999).
Furthermore, it is also possible that the diffusion of these technologies may
spark an overall expansion in employment that may increase demand for all
types of workers. The expansion of ICT may be expected to increase both TFP
and the productivity of organizations. The increase in the marginal productivity
of labor may lead to an increase in demand for all types of labor. Also, if ICT
reduces uncertainty and enhances the efficiency of product and factor markets,
its spread may be expected to bring about increases in the flow of capital and
in output. The higher employment accompanying these increased investments
and outputs may indeed have a positive effect on income distribution.

Chapter 4 moves the analysis to the firm level. It begins with a labor mar-
ket perspective because the poor are largely labor dependent, asset poor, and
essentially concentrated in SMEs. Once again, country case studies look at the
role of ICT in the SME sectors in East Africa, India, and Laos. The existing
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literature deals mostly with phenomena in the developed world (OECD 2004),
leaving the role of ICT for SMEs in developing countries largely unexplored.
The empirical studies in Chapter 4 fill this gap in part.

Impacts on Low-Income Households

Research on the impact of ICT on households has been rare because households
are considered consumptive users of ICT. Regardless of the way the technolo-
gies are used, the welfare effects they generate offer insights on the benefits
associated with their diffusion to households. Another prevailing perception is
that there is little demand for services in rural areas, or that where demand ex-
ists, returns to investment are too low to justify investment. Such perceptions
are changing as evidence is accumulated on the tangible benefits of ICT to user
households.

To look only at the economic impacts of access to ICT would leave im-
portant questions unexplored. As ICT is mainly a network technology, how so-
cial networks change with its increased use is of special interest. Whereas urban
centers in many developing countries rapidly build their telecommunications
infrastructure, rural areas still lack the most basic telecommunications services.
This rural-urban divide may exacerbate the knowledge gap and continue to fuel
trends of polarization. As previously discussed, it has been argued that access
to ICT is a function of income and wealth distributions and accordingly that
ICT access will be limited to a small segment of the population. With such lim-
ited access, information gaps and information inequality may be exacerbated,
and information monopolies may be perpetuated. While this is a possibility,
there is no reason to believe that access to ICT will be limited to a small seg-
ment of the population in every developing country. The latent demands may
be there; the problem is whether poor people can afford access. This depends
not only on the benefits they derive as consumers or producers but also on the
costs determined by supply. Consequently, the distributional outcome in each
country will likely differ and will depend on the prevailing policy environment
and pattern of allocation of these technologies.

As social networks improve, the transmission and usage of ICT should
have a significant impact on urban—rural information flows, bringing better
trading opportunities, for example, or greater credit availability. To illustrate,
Banerjee (1984) has shown that the level of urban—rural remittances depends on
the strength of migrant family ties, especially in the case of married migrants.
‘While there is an obvious need for an overall macro approach to this subject
matter (ICT issues cannot be seen outside overall development efforts), the im-
portance of this particular issue warrants micro-level analysis. Chapter 5 attempts
to fill this research gap in several ways. Using a common conceptual frame-
work, country case studies from Bangladesh, China, Ghana, Laos, and Peru are
presented and synthesized. The analysis focuses on the regional and commu-
nity context, accessing impacts at the household level in rural areas.
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Effective and Pro-Poor Provision of Public Goods and Services

ICT can be of use in more effective provision of pro-poor public goods and ser-
vices. ICT is expected to influence not only households and the private sector but
also government and civil society. The effects on governance include lowering
administrative costs as well as enhancing possibilities for social participation.
ICT can also assist citizens in organizing their collective activities, thereby
strengthening social capital. Chapter 6 assesses the impact of ICT on the pro-
vision of public goods and services, focusing on health services.

Electronic governance (e-governance) aims to provide citizens with better
services via the latest advances in information technology (IT). E-governance
has both social and economic impacts. It can be useful to a variety of stake-
holders at various levels in the system: it provides decisionmaking support to
the administrators for monitoring, planning, and improving citizen services; it
promotes transparency; and it empowers citizens by giving them access to in-
formation. With lower administrative costs, smaller government agencies could
become viable, and decisionmaking could be effectively decentralized. And
because ICT improves monitoring systems, it can help to improve public goods
provision, especially in rural areas in terms of basic needs such as access to
health, education, and water.

Through better access to independent information and easier networking
over long distances, people are able to voice their views and form nongovern-
mental organizations (NGOs) for support. NGOs could also serve as interme-
diaries to improve people’s access to information. In this context, local Internet
content plays an important role in ensuring that people find relevant information
they can understand. Current evidence suggests that to achieve sustainability
and success, Internet projects for rural and agricultural development must be-
gin by assessing the needs of local community users. This requires an approach
that catalyzes local participation; supports information and communication
needs assessments; builds awareness of potential Internet uses; builds commu-
nities of users; and facilitates locally managed, self-supporting communication
and information networks. Such assessment also requires attention to capacity
building and institutional strengthening for the intermediary agencies that serve
rural populations (that is, NGOs, extension services, healthcare agencies, vari-
ous government bodies, and the private sector) so that they can make the most
appropriate and creative use of Internet tools. In this way, the role of ICT in the
provision of public services is evaluated, specifically as it relates to healthcare.

Policies for Digital Opportunities for the Poor
and Further Research Directions

Conclusions for development policy and research are drawn in Chapter 7, and
the original five skeptical hypotheses are revisited. The chapter confirms that
ICT is not a development panacea, but it does facilitate development. The use
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of information resources can open up new communication channels for rural
households, communities, and support organizations. ICT affects economic in-
dicators such as SME productivity and household welfare; it also fosters new
alliances and interpersonal networks, together with lateral and cross-sectoral
links between organizations. The latent demand for ICT by poor people is
strong because they know very well that information is key to economic and
social development. These findings have to be complemented by supply-side
analyses. The comparison of countries and studies at different levels—in house-
holds and small enterprises, in labor markets, across various levels of income
distribution—and of government issues such as administration and regulation
are necessary to define where the best opportunities for the efficient use of ICT
are, and what complementary measures or infrastructure are needed to realize
such opportunities. Factors that influence the relationship between ICT use
and outcomes, such as productivity, household performance, and welfare, pro-
vide valuable insights on the support needed for ICT projects and facilitate the
design of efficient policies. Ultimately, key influences on the growth and diffu-
sion of ICT—regulatory frameworks, choice of technologies, and public action
related to ICT investment—can and should be made more broad based and
pro-poor.
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2 Telecommunications Infrastructure and
Economic Growth: A Cross-Country Analysis

MAXIMO TORERO, SHYAMAL K. CHOWDHURY,
AND ARJUN S. BEDI

In recent years, the potential of information and communications technologies
(ICT) to facilitate economic development, especially in low-income countries,
has attracted considerable attention. Several commentators (Pohjola 2001, for
example) have argued that development of these new technologies, in terms of
proliferation and accessibility, should be integral to country-level development
strategies and that ICT investments are essential in the process of enhancing liv-
ing standards. Nevertheless, detractors also exist. They counter with the primary
argument that developing countries have far more pressing investment priorities,
and that investing scarce resources in ICT does not fulfill the needs of the poor
(Roche and Blaine 1996; Saith 2002).

Whether additional investments in these technologies are justified and
whether they have the potential to increase incomes and alleviate poverty can
be determined only by empirical investigation. If these new technologies are to
command the continued interest of the developing world and justify additional
investments, a convincing demonstration of their effects on economic perform-
ance is required. On this basis, and given limited existing empirical evidence, this
chapter examines the impact of terrestrial telecommunications infrastructure—
by far the most prevalent communication technology in developing countries—
on aggregate economic output. The conceptual framework that forms the basis
of the book is once again presented in Figure 2.1, this time highlighting the
area of analysis dealt with in this chapter.

For the purposes of the empirical investigation, a substantial data set cov-
ering 113 countries was assembled for the period 1980-2000. The empirical
framework explicitly accounts for the two-way relationship between tele-
communications infrastructure and economic output (meaning that the frame-
work factors in issues of endogeneity). The four-equation framework used by
Réller and Waverman (2001) was adopted and, in the first instance, replicated.
However, the estimation methodology and empirical work in this study goes
beyond Roéller and Waverman’s specification. In particular, this study examines
the time-series properties of the data set used and corrects for the presence of
unit-roots (an attribute of the time series within the statistical model).
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FIGURE 2.1 Conceptual framework: Area of analysis dealt with in Chapter 2
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There are several ways that a country’s ICT infrastructure can affect eco-
nomic growth. Apart from making a direct contribution to gross domestic prod-
uct (GDP), investments in these technologies are assumed to have pervasive
impacts throughout the economy—for example, by reducing transaction costs,
improving organizational functioning, and enhancing the spread and develop-
ment of factor and product markets (along with many other potential effects that
have already been outlined by several authors, such as Saunders, Warford, and
Wellenius 1983; Leff 1984; and Norton 1992), and therefore are not elaborated
on further here. It is worth noting, however, that ICT is unlike other forms of
infrastructure in that its expansion generates benefits for both new and existing
users. This externality suggests that the effects of ICT on economic growth
may be subject to the attainment of a critical mass, meaning that, unless the said
infrastructure reaches a certain minimum level within a given country or region,
the growth effects may not be discernible. Put in simple economic terms, a non-
linear relationship may exist between telecommunications infrastructure and
economic growth. Thus, the empirical work in this chapter addresses two is-
sues. First, does telecommunications infrastructure have an impact on economic
growth? Second, if a growth effect does exist, how does it vary with infra-
structure and income levels across countries and regions?

This chapter presents a summary of the literature on infrastructure and
growth, a description of the data used (presenting correlations between GDP
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and the availability of ICT), and conclusions. For those interested, the detailed
econometric model and empirical results are included in appendix form at the
end of the chapter.

A Review of Infrastructure Development and Growth
Overview

Early work on economic growth and development highlighted the necessity of
adequate infrastructure. Defining the scope of social overhead capital (SOC),
Hirschman (1958, 89) writes “SOC is usually defined as those services without
which primary, secondary, and tertiary production activities cannot function.”
He goes on to write that in its wider sense SOC “includes all public services from
law and order through education and public health to transportation, communi-
cations, power, and water supply.” Although infrastructure implies a wide variety
of services, such services have several traits in common. First, while these ser-
vices yield direct benefits, it is often their indirect contribution—as intermediate
inputs enhancing the productivity of all other inputs—that is often considered
more important. Second, the development of these services is usually subject
to increasing returns to scale. Third, while private-sector participation in the
provision of infrastructure has increased, it is still largely funded and provided
by the public sector. The rationale for public provision of these services is well
known and is usually justified on the basis of a combination of externalities,
nonrival consumption, and nonexcludable characteristics of such services.

The appropriate level and composition of public expenditure on different
types of infrastructure services is an active area of debate, particularly because
of their potential to spark growth and influence economic outcomes. For the
purposes of assisting and informing public expenditure decisions, it is impor-
tant to know the overall impact of infrastructure on economic output, as well as
the relative effects of different types of infrastructure. The importance of this
question for public policy has motivated a number of authors to examine the
macroeconomic link between public capital and output. While there are micro-
oriented studies of the infrastructure~growth output link, the economywide
effects and potential externalities ascribed to such investments suggest the need
for a macroeconomic approach.! The infrastructure—output literature consists
of several branches; this study, however, reviews only the relevant portions of
the existing evidence.

The discussion initially focuses on single countries, either over time or
across regions, examining the effect of overall infrastructure capital on private

1. Micro-oriented studies lead to a deeper understanding of how infrastructure enhances out-
put, but when the main goal is to establish the overall effect of infrastructure capital on output and
productivity, a macroeconomic analysis is the more logical choice.
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output. This is followed by a look at cross-country evidence of the impact of
infrastructure capital on economic performance (meaning GDP growth over
time). This review of the more general infrastructure literature is followed by a
review of studies focusing on the links between telecommunications and output.

General Infrastructure Literature

Despite the existence of estimates of the link between infrastructure and output
that predate Aschauer (1989), interest in the effects of public capital on output
can be traced to this work. Aschauer used annual U.S. time-series data for the
period 1949-85 and estimated that a 1 percent increase in the ratio of public
to private capital stock was associated with a 0.39 percent increase in private-
sector total factor productivity (TFP). A similar effect was reported by Munnell
(1992). Such large effects—at a time when growth in productivity and in the
stock of public infrastructure was declining—prompted Aschauer to propose
that the declining growth of public infrastructure was an important determinant
in the productivity slowdown. To examine whether these results could be ex-
trapolated more generally, Ford and Poret (1991) used time-series data from
several countries of the Organisation for Economic Co-operation and Develop-
ment (OECD) to estimate production function relationships as similar as pos-
sible to those studied by Aschauer. Ford and Poret’s estimates of the elasticity
of output from infrastructure stock spanned a wide and implausible range (from
1.00 for Canada to —0.55 for Norway) and did not support the idea that a de-
cline in infrastructure growth was responsible for the decline in TFP.

Despite this lack of support for the infrastructure—productivity link from
studies based on other countries, support for Aschauer (1989) was provided by
studies that relied on panel data to examine the effect of publicly provided in-
puts on the economic performance of U.S. states. Although his results were
smaller in magnitude, Munnell (1992) reported that public capital was a statis-
tically significant link in the determination of differences in productivity across
U.S. states. Rather than focusing on public capital in its entirety, Garcia-Mila
and McGuire (1992) used observations from the 48 contiguous states during
1969--83 to examine the effect of the stock of highway capital and educational
expenditure on gross state product. While their results were smaller than the
elasticities based on time-series data, they did show that these two variables
played a substantial role in explaining statewide productivity differences.

The preceding studies focused exclusively on developed countries; the
paucity of data makes it difficult to carry out single-country studies for devel-
oping countries. Clues to the link between infrastructure stock and economic de-
velopment and growth in developing countries stem mainly from cross-country
studies. Antle (1983) uses data from a sample of developing and developed
countries to examine the extent to which intercountry differences in agricultural
productivity can be explained by country-level investments in transportation
and communications. For both developing and developed countries, Antle’s
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analysis supports the conclusion that additional investments in infrastructure
play a larger role than agricultural research and education in explaining inter-
country differences in agricultural productivity.

The broad inference from the above studies is that the stock of public infra-
structure plays a causal role in determining growth and productivity in both de-
veloping and developed countries. Policy implications drawn from such studies
are fairly clear and support the argument for additional investments in physical
infrastructure. Nevertheless, policy prescriptions based on the results of these
studies have attracted strong criticism, primarily on the basis that they do not
adequately account for the possibility of reverse causality and simultaneous
determination of output and public capital—meaning that, while it is tempting to
infer a causal relationship from public capital to output, it is equally likely that
the direction of causality goes from output to public capital. In the context of
time-series analysis, the estimated coefficient may reflect a spurious correlation
between output and public capital stock that is driven by a common time-trend
and not by any underlying relationship between the two variables. In short, the
data may be what is economically termed “nonstationary” and inferences based
on these data may be misleading. Another problem primarily afflicting panel-
data studies stems from omitted variables. The first-generation panel-data
studies usually ignore the possibility of unobserved state- or country-specific
variables that may influence both output and the stock of public capital. Ignor-
ing such fixed effects is quite likely to lead to an exaggeration of the effect of
infrastructure on output.

The more recent literature in this area accounts for both of these problems
—simultaneity bias and fixed effects—and presents a rather different picture.
Holtz-Eakin (1994) uses panel data from the United States to estimate a variety
of production functions in levels and in first differences. These estimates allow
for fixed and random effects. Regardless of variations in the specifications, Holtz-
Eakin finds no evidence that public capital is involved in productivity differ-
ences across states and concludes that the previous large positive findings “ap-
pear to be the artifact of an inappropriately restrictive framework” (Holtz-Eakin
1994, 20). In a reconsideration of some of their earlier studies, Garcia-Mila,
McQGuire, and Porter (1996) use a panel data set drawn from the United States
to estimate the effect of public capital investments in highways, water and sewage
systems, and all other infrastructure investments on private output. Their results
confirm the conclusions reached by Holtz-Eakin (1994). From a cross-country
perspective, Craig, Pardey, and Roseboom (1997) control for country-level
fixed effects and conclude that, for developing countries, differences in road
density are not responsible for differences in agricultural productivity.

Thus, in marked contrast to the first-generation studies, these second-
generation studies find no evidence of high returns to investments in infra-
structure. Despite these results, it would not be correct to argue that investments
in infrastructure are not necessary. These studies show that within the context
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of a narrow production-function framework there are no indirect productivity
effects associated with public capital. These results do not, however, detract
from the large direct effects that investments in infrastructure services generate.
Furthermore, any investment in public infrastructure calls for a project-specific
cost-benefit analysis and should not be based on aggregate analysis.

Telecommunications Infrastructure Literature

Turning to studies more closely related to the topic of this chapter, Jipp (1963)
and Hardy (1980) are some of the earliest that focus on the telecommunications—
economic growth link.? Hardy (1980), for instance, uses data from 15 developed
and 45 developing countries for the period 196073, regressing per capita GDP
on lagged per capita GDP, lagged telephones per capita, and the number of ra-
dios. Hardy’s results support the idea that the greater availability of telephones
has a positive effect on GDP. By demonstrating the strong correlation between
teledensity (the number of telephone lines per 100 inhabitants) and GDP, these
early studies drew attention to the potential role of telecommunications in in-
fluencing growth. However, similar to the first-generation infrastructure litera-
ture, these early studies ignored the econometric issues outlined above.

A more sophisticated example of this genre is Norton (1992). Using data
from a sample of 47 countries from the post—World War II period until 1977,
Norton investigates the effects of telephone infrastructure on growth rates and
also attempts to identify the channels through which the availability of this
infrastructure leads to growth (that is, the effect of telephone infrastructure on
the mean investment ratio, and consequently income growth). The empirical
framework replicates Kormendi and Meguire (1985) but includes additional
variables to capture telecommunications infrastructure. The inclusion of a
more comprehensive set of macroeconomic regressors is designed to reduce the
possibility of overestimating the effect of telecommunications infrastructure
on growth. The two telecommunications infrastructure measures used are tele-
density in 1957 and mean teledensity over the sample timeframe. The use of these
two infrastructure variables is an attempt to address the endogenous nature of
teledensity and growth. Norton argues that a measure of teledensity prevalent
during the early years of the sample is less susceptible to endogeneity bias than
a variable that captures the mean teledensity over the entire time period.

2. An emerging body of literature that examines the effect of the stock of computer hard-
ware, software, and labor and other information technology-related measures in influencing eco-
nomic growth and output. Since the main focus of this study is developing countries, where the
stock of such capital is quite small, this body of evidence is not reviewed in detail here. Recent
macroeconomic evidence on the United States is provided by Gordon (2000), Oliner and Sichel
(2000), and Stiroh (2002). Results based on data from other countries and a cross-country analysis
of the effect of information technology expenditure on economic growth are available in Pohjola
(2001).
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Norton’s results show that the two measures of telecommunications infra-
structure are statistically significant and exert positive effects on mean growth
rates. For instance, increasing the 1957 teledensity by one standard deviation
(9.909) leads to an increase in mean GDP growth of around 0.73 percent. The
effect of the average density variable is greater but potentially more suscep-
tible to reverse causality. The second set of estimates examines the effect of the
telecommunications infrastructure variables on the mean investment—output
ratio, and, similar to the earlier results, the impact is positive. Increasing tele-
density by one standard deviation leads to an increase in the investment ratio
of around 3.5—4.5 percent. While Norton controls for the endogeneity of
telecommunications infrastructure and growth, the large effects reported in the
study are reminiscent of the effects reported in early infrastructure literature.
Norton does not control for country-level fixed effects, and it is likely that this
omission is responsible for the large estimated effects of telecommunications
infrastructure.

Madden and Savage (2000) follow the framework used by Mankiw, Romer,
and Weil (1992) to estimate the effect of telecommunications on the level and
growth of GDP for a cross-section of 43 countries (including 16 developing
countries) for the period 1975-90. The authors present estimates based on or-
dinary least squares (OLS) and mention that they use instrumental variables
estimation to control for the possible endogeneity between telecommunications
capital and GDP. Their results are not sensitive to alterations in the estimation
methodology, and they report large effects of telecommunications capital on the
level of GDP. Once again their estimates may be upwardly biased because they
do not control for country-level fixed effects.

As mentioned in Chapter 1, Réller and Waverman (2001) present cross-
country estimates of the effect of telecommunications on output based on a
cross-section of 21 OECD countries over a period of 20 years. They tackle the
endogeneity problem by estimating a four-equation model that endogenizes
telecommunications infrastructure, and they control for country-level fixed ef-
fects. Their results indicate that estimates allowing for fixed effects lead to a
reduction in the teledensity elasticity from 0.15 to 0.045. Despite this drop, the
growth effect attributed to telecommunications infrastructure is still quite large.
The elasticity implies that about one-third of the economic growth in OECD
countries between 1971 and 1990 may be attributed to growth in telecommu-
nications infrastructure. An interesting element of Réller and Waverman’s work
is the investigation of whether a nonlinear relationship exists between tele-
density and economic output. They found that teledensity begins to exert an
influence on output only when it is universally available—more specifically,
when a teledensity threshold or critical mass of about 40 percent is reached.

While the robustness and generality of the threshold effect may be ques-
tioned, these results do suggest that enhancements in telecommunications in-
frastructure may generate higher growth effects in developed countries than in
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developing countries. In addition, given low teledensity in developing countries
(the 1995 average was around 4.0), it appears that marginal improvements in
telecommunications infrastructure may not generate the desired growth effects.
Thus, developing countries may require substantial investments in telecommu-
nications infrastructure before they can benefit from the growth-generating ef-
fects of these technologies.

In this chapter we use a framework and a specification that is as similar as
possible to Roller and Waverman (2001). We endogenize telecommunications
by estimating a demand and supply model for telecommunication investments
and simultaneously estimate a macro-production function. Qur primary aim is
to examine whether the idea of a critical mass is valid for a larger sample of
nations and for a longer timeframe. Our analysis emphasizes an examination
of this relationship for developing countries.

Data and Summary Statistics

To construct a comprehensive data set, the inclusion of a country was determined
by the availability of time series data of long duration covering the variables re-
quired for the analysis. The countries included are presented in Appendix 2A,
which also provides details of the income categories and the regional groupings
used.>

The data set for this chapter is tailored to the needs of the empirical frame-
work and contains information on economic variables such as output, labor force,
capital stock, and budget deficit (surplus). The telecommunications-related
variables are teledensity, revenue per fixed telephone line, and annual invest-
ment in telecommunications. In addition to these telecommunications-related
variables, the data set also contains information on the availability of other ICT.
Table 2.1 provides a list of the variables and their descriptive statistics, also
indicating the sources of the variables.

With respect to variable sources, while most of the variables are readily
available from publicly accessible databases, such as the World Development
Indicators (WDI) and the International Telecommunications Union (ITU) data-
base (World Bank 2002 and ITU 2002), some of the data—in particular tele-
communications capital stock and total physical capital stock—required estima-
tion. Construction of the telecommunications capital stock series is based on
annual investment in telecommunications data available in WDI (World Bank

3. In terms of income categories, our data set consists of 36 low-income countries, 27 lower
middle-income countries, 21 higher middle-income countries, 8 high-income non-OECD coun-
tries, and 21 OECD countries. We divided the countries across six geographic regions based on
WDI classifications (World Bank 2002). The data set comprises 40 countries from Africa, 24 coun-
tries from the Asian/Middle Eastern region, 4 countries from the Australian region, 23 countries
from the European region, 13 from the Central and North American region (including the Carib-
bean), and 9 countries from South America.
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FIGURE 2.2 Availability of ICT in various regions defined by income level, 2000
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source: Calculated by authors from study data set.

Notes: ISP indicates Internet service provider; OECD, Organisation for Economic Co-operation
and Development; PCs, personal computers. For details of the countries within the income group-
ings, see Appendix 2A.

2002). The telecommunications capital stock is constructed using the perpetual
inventory method (PIM). See Appendix 2B for details.

Figure 2.2 shows the availability of different types of ICT for five income
groups. The availability of each technology is derived from the country aver-
age within each income group. Despite the explosive growth of modern ICT in
the 1990s, on average, fixed telephony still predominates in low-income, lower
middle-income, and OECD countries. However, cellular telephony has emerged
as the second most important communications technology. In some cases, for
instance in higher middle-income countries and high-income non-OECD coun-
tries, cellular telephony already outnumbers fixed telephony. With the exception
of access to fixed telephony, the prevalence of modern ICT, such as Internet
hosts and personal computers (PCs), remains very low in low-income countries.

Although countries in all income groups experienced sizable ICT growth
in the 1990s (see Table 2.2), the total stock of ICT in low-income countries re-
mained extremely low compared with other income groups. As of 2000, the
average number of Internet hosts per low-income country was only 2,432—
a mere 0.05 percent of the 4.7 million Internet hosts per OECD country on aver-
age. Although the stock in the case of fixed telephony was higher, it still rep-
resented only 5.8 percent of the OECD average. In fact, comparatively higher
teledensity in certain countries inflated the fixed telephony average for low-
income countries. For example, the total number of fixed telephone lines in India
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FIGURE 2.3 Availability of ICT in various regions, 2000
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sourcEe: Calculated by authors from study data set.
~note: For details of the countries within the six regional groupings, see Appendix 2A. ISP indi-
cates Internet service provider; PCs, personal computers.

in 2000 was 25 times the low-income country average, and the number of cel-
lular telephones in Indonesia in 2000 was more than 12 times the low-income
country average.

In addition to limited variety of ICT available in low-income countries, an
imbalance also exists between the availability of fixed telephone lines and the
availability of more recent technologies such as the Internet. While the ratio be-
tween fixed telephone lines and the Internet was 1.85 to 1 on average in OECD
countries in 2000, it was 5 to 1 in low-income countries.

Figure 2.3 shows the availability of ICT across the six different regional
categories for the year 2000, based on the country average per region. Like the
income groups, there are regional differences in ICT levels. While countries in
Africa have the lowest penetration rates on average, countries in the Central and
North American region have the highest. For example, while the number of
Internet hosts in Africa is 0.59 percent of the world average, the number in the
Central and North American region is seven times the world average. In Europe,
in contrast to other geographic regions, cellular telephony already outnumbers
fixed telephony.

These averages mask individual differences within regions. Not surpris-
ingly, the larger the country (or countries) within a region in terms of area or
population, the larger the stock of ICT. In the case of Africa, for example, the
number of Internet hosts in South Africa is 35 times the African average, and
the number of fixed telephone lines in Egypt is 12 times the African average; in
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the case of Asia, the outliers are Japan and Korea for all types of ICT and India
and China for fixed telephony. Differences in the other regions also follow income
and country size (either by area or population). Table 2.2 shows compound an-
nual growth rates (CAGR) of per capita GDP and fixed line teledensity for the
period 1980-2000. Over this time, the 113 countries (representing “the world”)
reported positive growth in both per capita income and fixed telephony. While
per capita income grew at 1.1 percent on average, the growth rate for fixed
telephony per 100 inhabitants was 6.2 percent. The last column of the table in-
dicates the correlation between the CAGRs for per capita GDP and fixed line
teledensity (Table 2.2).

From 1980 to 2000, per capita income in low-income countries virtually
stagnated, while all other income groups experienced substantial growth. All
income groups achieved growth in fixed telephony per capita, but the growth
rate was higher in low-income than in high-income countries. Despite this, the
per capita number of fixed telephone lines in low-income countries was only
1.8 in 2000 compared with 58.2 in high-income countries. The growth rate of
fixed telephone lines was higher in middle-income countries than in either
low- or high-income countries, and per capita GDP growth was also higher for
middle-income countries compared with low-income countries. Despite the dif-
ferences in growth rates among the various income groups, for all groups—with
the exception of high-income non-OECD countries—a positive and statistically
significant correlation was demonstrated between telecommunications infra-
structure and GDP growth (Table 2.2).

Some regional differences were evident. During 1980-2000, per capita
GDP in the Asian and European regions grew at a higher rate than in the coun-
tries of other regions. African countries lagged behind, followed by the countries
of South America. Asian countries displayed high per capita GDP growth, as
well as attaining the highest per capita growth in the number of fixed telephone
lines. African countries also achieved a high rate of growth in fixed telephony over
the same period; nevertheless, in 2000, fixed line teledensity was only 3.6 in
Africa compared with 19.2 in Asia. In South American countries the tele-
density increased substantially over the 20-year period, reaching 14.1 in 2000.
Although there are differences across regions, and with the exception of the
Australian region, a high positive correlation exists between per capita GDP
growth and per capita fixed telephony growth for all regions (Table 2.2).%

Figures 2.4a and 2.4b show the relationship between fixed line teledensity
and per capita GDP for the years 1980 and 2000, respectively. In both figures,

4. When the four countries comprising the Australian region—two OECD countries (Aus-
tralia and New Zealand) and two lower middle-income countries (Papua New Guinea and Fiji}—
were separated into their income groups, the result produced a correlation coefficient that was
positive, significant, and close to one.



FIGURE 2.4a Fixed telephone lines and per capita gross domestic product, 1980
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FIGURE 2.4b Fixed telephone lines and per capita gross domestic product, 2000
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per capita GDP expressed in constant 1995 U.S. dollars is the dependent vari-
able, and fixed line teledensity is the independent variable. In 1980, there was
a positive relationship between growth of fixed telephony and per capita GDP; a
similar positive relationship was found to exist in 2000 as well. Although both
per capita GDP and fixed line teledensity grew at different rates (1.1 percent per
year and 6.2 percent per year, respectively), the relationship remained strong
and positive over the period (Figures 2.4a and 2.4b).>

Because there are regional variations in the relative and absolute avail-
ability of ICT, as well as among income groups, additional figures detail regional
subdivisions based on geographic and income classifications (see Appendix
2C). These supplementary figures show that the relationship between fixed line
teledensity and per capita GDP has both regional and income characteristics.
While the relationship is relatively weak for low-income countries, it is partic-
ularly strong for the lower middle-income and high-income non-OECD coun-
tries; in terms of regional groupings, the relationship is relatively high.

As a means of assessing the relationship between the availability of mod-
ern forms of ICT and GDP, the relationship between per capita GDP and both
PCs per 1,000 inhabitants and Internet users per 1,000 inhabitants was con-
sidered (Figures 2.5a and 2.5b). Given limited data availability, results are
presented for the year 2000 only. The relationship between PCs per 1,000 in-
habitants and per capita GDP is very strong and positive. A linear regression of
per capita GDP on PCs per 1,000 inhabitants explains more than 85 percent
variation in per capita GDP. Although weaker compared with the relationship
to PCs, a positive relationship also exists between per capita GDP and the
number of Internet users per 1,000 inhabitants. This regression explains about
73 percent of the variation in GDP.

Table 2.3 provides further evidence on the positive relationship between
ICT availability and per capita GDP. In this instance, both traditional and
modern forms of ICT are included (fixed and cellular telephones, the Internet,
and PCs) for both income and regional groups. In addition, the bottom row of
the table presents the combined relationships for the 113 sample countries. With
the exception of fixed telephone lines, all the correlation coefficients are for the
year 2000.

There is a positive relationship between teledensity and per capita GDP,
and, with the exception of high-income non-OECD countries,’ the correlation

5. A simple linear regression of per capita GDP on fixed line teledensity explains 75 percent
of the variation in per capita GDP in 1980 and 78 percent of the variation in per capita GDP in 2000.

6. A linear regression of per capita GDP on fixed line teledensity explains at least 70 per-
cent of the variation in per capita GDP.

7. Among the eight countries in this group, Kuwait and United Arab Emirates are oil-rich
countries that suffered from the decline of oil prices. The exclusion of these two countries would
result in a correlation coefficient of 0.9.



FIGURE 2.5a Personal computers and per capita gross domestic product, 2000
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FIGURE 2.5b Internet users and per capita gross domestic product, 2000
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coefficients between fixed telephone lines and per capita GDP remained posi-
tive and significant for all income groups and for all geographic regions. In fact,
for some income groups (such as the higher middle-income countries) and for
all geographic regions, the correlation coefficient between fixed telephone lines
and per capita GDP is very high, ranging from 0.56 to 0.98. Though there is a
negative correlation between the CAGR of per capita GDP and the CAGR of
fixed telephone lines for the Australian region, the correlation coefficient be-
tween per capita GDP and fixed line teledensity is as high as 0.98; it is also
statistically significant both for 1980 and 2000. The correlation coefficient for
all 113 countries is very high, at 0.87 in 1980 to 0.89 in 2000.

An important development in ICT in recent times is the tremendous surge
in the penetration rate of cellular telephones. In fact, in the case of some low-
income countries, the cellular penetration rate has surpassed that of fixed lines.
Not surprisingly, a positive correlation exists between the growth rate of cellu-
lar telephones and per capita GDP. For low-income countries, the correlation is
greater for cellular phones than for fixed line telephones; there is no observable
pattern, however (that is, the correlation coefficient does not increase or de-
crease with the per capita GDP). In the case of regional groups, all regions show
a strongly positive correlation between cellular phone penetration and per capita
GDP—albeit at varying magnitudes. Similarly, a strongly positive correlation
exists between cellular telephone penetration and per capita GDP for the world,
represented by our 113-country sample.

Turning to more modern ICT, a similar pattern emerges. Similar to the
relationship between fixed and cellular teledensity and per capita GDP, the
availability of modern ICT—specifically, the Internet and personal computers—
shows a strong correlation with per capita GDP. With the exception of the
OECD countries, there is a correlation between GDP and Internet users and
PCs, although the trend is stronger for high-income than for low-income coun-
tries. For the geographic regions, however, there is no observable trend. Among
the different types of ICT, the strongest relationship exists between per capita
GDP and the PC penetration rate. The correlation coefficients are significant for
all income groups and all geographic regions; for Australia, the European and
Central/North American regions, and the 113-country sample as a whole, the
correlation coefficient is higher than 0.9.

Econometric Model and Empirical Results

To identify the effect of telecommunications on economic growth, we chose to
adopt the model used by Roéller and Waverman (2001), with two major differ-
ences. The first main difference is that we extend their database to include de-
veloping countries and not only 21 OECD counties, and second we correct our
estimates for the presence of unit roots by estimating the model in first differences
following the two-step Arrellano and Bond (1991, 1998) generalized method of
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moments (GMM) estimator. Appendix 2D provides further details on the model
and the econometric techniques used.

Empirical Results

As discussed above, differencing the data and using Arellano and Bond’s (1991,
1998) instrumentalization technique is the preferred estimation methodology,
first because it may increase the efficiency of the parameters in terms of ordi-
nary least squares (OLS) or GMM in levels, but most importantly because it
tackles the problem of unit roots. Table 2.4 shows the results of the Phillips—
Perron test for unit roots for GDP, capital, and the real investment in tele-
communications infrastructure (TTI). The results clearly show the presence of
unit roots in practically all the series for all the countries. It also shows how this
problem is significantly reduced when differences are used instead of levels,
and when the Hodrick—Prescott filter is applied to the series. From this result it
is clear that OLS or even GMM estimates in levels (such as the ones carried out
by Roller and Waverman 2001) may lead to spurious results.

Table 2.5 presents estimates of the output equation (1”) using different es-
timation methods. Equations (2")—(4") have been used to instrumentalize this
equation (see Appendix 2D for details on the equations). Models (1)-(3) pre-
sent the results for different estimation methods using the variables in levels,
while models (4) and (5) present the results following Arrellano and Bond’s
(1991, 1998) dynamic panel data estimation. The presence of unit root problems
results in an overestimation of the impact of the penetration rate on aggregate
output. For example, if we use model 3, a 1 percent increase in the penetration
rate is associated with a 0.11 percent increase in output. On the other hand, if
we correct for the unit root problem using GMM with the data in first differ-
ences, the impact of the penetration rate on economic output is substantially
smaller. In this sense, models (4) and (5) show that a 1 percent increase in the
penetration increases economic output by 0.03 percent, which is clearly a more
realistic coefficient.

Tables 2.6 through 2.9 show the results using Arrellano and Bond (1991,
1998) dynamic GMM techniques for each of the four equations outlined above.
A regression for each income group is presented in each table. It should be em-
phasized that the focus of the empirical analysis is not the estimation of demand
and supply relationships in the telecommunications industry but rather the impact
of telecommunications infrastructure on economic development, and the best
way to estimate this impact. In this respect, the results of the demand, supply,
and production equations are inputs for the output equation.

From Table 2.6, it is clear that, although telecommunications penetration
has a significant impact on output growth when we include all the countries in
our sample, there are differences across regions. Consistent with the results
of our simple regression analysis, the impact of telecommunications is statisti-
cally significant for lower and higher middle-income countries only, while it is



TABLE 2.4 Phillips—Perron test for unit roots by country

Level Differenced Filtered?

Country GDP TTI KNT GDP TTI KNT GDP TTI KNT
1. Argentina 0.707 0.000 0.591 0.004 0.000 0.503 0.006 0.000 1.000
2. Australia 0.741 0.251 0.872 0.001 0.001 0.070 0.104 0.007 0.026
3. Austria 0.287 0.625 0.106 0.001 0.082 0.088 0.318 0.002 0.019
4. Bahrain 0.154 0.246 0.999 0.004 0.001 0.593 0.000 0.000 0.008
5. Bangladesh 0.430 0.167 0.844 0.000 0.000 0.333 0.039 0.000 0.865
6. Barbados 0.404 0.000 0.637 0.040 0.000 0.228 0.076 0.000 0.006
7. Belgium 0.395 0.451 0.570 0.000 0.000 0.182 0.142 0.000 0.113
8. Belize 0.571 0.000 0.945 0.103 0.000 0.660 0.102 0.000 1.000
9. Bolivia 0.965 0.688 1.000 0.035 0.149 1.000 0.053 1.000 1.000
10. Botswana 0.987 0264 0985 0.039 0.000 0.567 0.030 0.000 0.000
11. Bulgaria 0.637 0.811 0.998 0.509 0.003 0.582 0.004 0.000 0.000
12. Burkina Faso 0.004 0.093 0.495 0.000 0.002 0.743 0.000 0.000 0.000
13. Burundi 0.937 0.103 0990 0.007 0.000 0.402 0.001 1.000 0.000
14. Cameroon 0.775 0.998 0.000 0.023 0.010 0.113 0.000 0.179 0.000
15. Chile 0.854 0.174 0.784 0.071 0.001 0.530 0.078 0.000 0.115
16. China 0.024 0.533 0.469 0.036 0.001 0.047 0.073 0.000 0.085
17. Colombia 0.602 0.225 0.659 0.140 0.000 0.541 0.024 0.000 0.000
18. Costa Rica 0.916 0974 0.213 0.001 0.000 0.630 0.087 0.000 0.026
19. Cote d’Ivoire 0416 0.413 0998 0.025 0.000 0.591 0.003 0.000 1.000
20. Cyprus 0.846 0.339 0.967 0.000 0.000 0.043 0.000 0.004 0.000
21. Denmark 0.391 0.725 0.455 0.002 0.048 0.003 0.005 0.103 0.000
22. Ecuador 0.289 0.048 0.000 0.000 0.000 0.180 0.001 0.000 0.000
23. Egypt 0.001 0284 0.012 0.004 0.069 0.000 0.001 0.000 0.000
24. Ethiopia 0.693 0.765 0.432 0.005 0.157 0.000 0.000 0.000 0.000
25. Fiji 0.037 0.048 0.000 0.000 0.000 0.016 0.000 0.015 0.000
26. Finland 0.765 0.405 0.002 0.344 0.042 0.000 0.319 0.057 0.000
27. France 0.233 0.507 0.707 0.077 0.167 0.094 0.565 0.133 0.003
28. Gabon 0.434 0.000 0.728 0.000 0.006 0.042 1.000 1.000
29. Gambia 0.070 0.006 0.822 0.000 0.000 0.072 0.051 0.000 0.000
30. Ghana 0.746 0.005 0.000 0.038 0.003 0.000 0.040 1.000 1.000
31. Greece 0.155 0.648 0.653 0.050 0.074 0.008 0.179 0.025 0.017
32. Hungary 0.625 0.621 0.011 0.144 0.003 0.454 0.248 0.000 0.000
33. India 0.222 0.214 0969 0.000 0.003 0.001 0.008 0.033 0.077
34. Indonesia 0.967 0.580 0.986 0.015 0.000 0.014 0.004 0.002 0.002
35. Iran (Islamic Rep. of) 0.915 0.151 0.951 0.003 0.000 0.623 0.023 0.000 0.212
36. Ireland 0.999 0.465 0.562 0.067 0.202 0.347 0.979 0.008 0.175
37. Israel 0436 0.073 0.280 0.070 0.000 0.000 0.041 0.001 0.002
38. Ttaly 0.118 0.581 0998 0.047 0.160 0.217 0.032 0.004 0.000
39. Japan 0.969 0.624 0940 0.013 0.034 0.444 0.023 0.008 0.001
40. Jordan 0.109 0.000 0.278 0.004 0.074 0.870 0.001 0.000 0.283
41. Kenya 0.908 0.374 0.003 0.064 0.000 0.018 0.006 0.000 0.000
42. Korea (Rep. of) 0.762 0.002 0.976 0.007 0.000 0.061 0.074 0.000 0.008
43. Kuwait 0.888 0.014 0.987 0.359 0.000 0.033 0.002 0.000 1.000
44. Lesotho 0465 0.020 0.729 0.118 0.000 0.337 0.030 0.000 0.239




TABLE 2.4 Continued

Level Differenced Filtered?
Country GDP TTI KNT GDP TTI KNT GDP TTI KNT
45. Luxembourg 0.913 0.691 0.431 0.003 0.001 0.000 0571 0.003 0.001
46. Madagascar 0.843 0.768 0.875 0.001 0.005 0.406 0.011 1.000 1.000
47. Malawi 0.039 0.758 0.463 0.000 0.348 0.251 0.000 0.000 0.000
48. Malaysia 0.510 0.675 0.680 0.013 0.044 0.283 0.057 0.024 0.248
49. Mali 0.824 0.552 0974 0.000 0.167 0.379 0.001 1.000 1.000
50. Malta 0.257 0.124 0.934 0.669 0.006 0.090 0.823 0.039 0.011
51. Mauritania 0.986 0.846 0998 0.000 0431 0471 0.000 1.000 0.130
52. Mauritius 0.335 0.287 0.569 0.000 0.000 0.065 0.001 0.000 0.000
53. Mexico 0.602 0.690 0.568 0.000 0.000 0.494 0.000 0.004 0.004
54. Mongolia 0.562 0.000 0.008 0.608 0.000 0.671 0.001 0.000 0.000
55. Morocco 0.011 0.309 0.873 0.000 0.000 0.174 0.000 0.000 0.000
56. Nepal 0.575 0.443 1.000 0.000 0.060 0.625 0.000 0.000 0.146
57. Netherlands 0.987 0.824 0223 0.014 0.103 0.012 0.668 0.123 0.058
58. New Zealand 0.468 0.854 0.770 0.008 0.205 0.541 0.048 0.003 0.005
59. Niger 0.440 0.164 0.858 0.011 0.000 0.070 0.012 1.000 1.000
60. Norway 0.223 0.839 0.419 0.078 0.000 0.000 0.127 0.000 0.010
61. Oman 0.741 0.002 0.528 0.087 0.000 0.630 0.044 0.000 1.000
62. Pakistan 0.999 0922 0918 0.000 0.282 0.002 0.000 0.000 1.000
63. Panama 0.560 0.611 0.618 0.033 0.124 0.558 0.012 0.001 0.016
64. Papua New Guinea  0.602 0.118 0.843 0.050 0.000 0.500 0.019 0.000 0.000
65. Paraguay 0478 0.242 0.105 0.227 0.049 0.199 0.064 0.060 0.000
66. Peru 0.481 0.108 0.712 0.034 0.000 0.000 0.028 0.000 0.000
67. Philippines 0.327 0.564 0971 0.219 0.044 0.080 0.139 0.000 0.087
68. Poland 0.493 0954 1.000 0.149 0.000 1.000 0.000 0.000 1.000
69. Portugal 0.281 0.274 0.562 0.144 0.000 0.018 0.319 0.000 0.032
70. Romania 0.286 0.636 0.204 0.277 0.000 0.575 0.018 0.000 0.000
71. Rwanda 0.313 1.000 0.843 0.000 0.802 0.000 1.000 1.000
72. Senegal 0.600 0.225 0.869 0.000 0.001 0.000 0.000 0.000 0.000
73. Seychelles 0.231 0.000 0.891 0.000 0.000 0.103 0.000 1.000 1.000
74. Sierra Leone 0.837 0.000 0.000 0.000 0.000 0.000 1.000 1.000
75. Singapore 0.535 0.159 0.256 0.095 0.000 0.039 0.244 0.002 0.000
76. South Africa 0.399 0.620 0.276 0.011 0.014 0.129 0.008 0.004 0.000
77. Spain 0.902 0.752 0.419 0.105 0.282 0.577 0.799 0.043 0.027
78. Sri Lanka 0.779 0.027 0.000 0.012 0.000 0.944 0.710 0.000 0.000
79. Swaziland 0.499 0.613 0.093 0.137 0.000 0.142 0.002 0.025 0.004
80. Switzerland 0.594 0.515 0.673 0.031 0.001 0.009 0.100 0.003 0.002
81. Syria 0.692 0.875 0.008 0.000 0.002 0.627 0.001 0.001 0.000
82. Thailand 0.967 0.453 0437 0472 0.000 0.536 0.093 0.000 0.000
83. Togo 0.151 0.552 0.446 0.000 0406 0.783 0.001 0.061 0.000
84. Trinidad and Tobago 0.262 0.700 0.100 0.001 0.160 0.838 0.000 0.000 0.514
85. Tunisia 0.160 0.496 0.562 0.000 0.000 0.120 0.065 0.000 0.061
86. Turkey 0.290 0.540 0.778 0.000 0.002 0.000 0.001 0.013 0.001
87. Uganda 0.580 0.191 0.004 0.230 0.248 0.000 0.000 1.000 1.000

(continued)
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TABLE 2.4 Continued

Level Differenced Filtered?
Country GDP TTI XKNT GDP TTI KNT GDP TTI KNT
88. United Arab Emirates 0.383 0.539 0.000 0.074 0.000 0.163 0.001 0.000 0.000
89. United Kingdom 0.583 0.221 0.853 0.221 0.215 0476 0.363 0.011 0.030
90. United States 0.907 0.352 0914 0.040 0.069 0.001 0465 0.079 0.238
91. Uruguay 0.747 0.007 0569 0.167 0.000 0.745 0.115 0.000 0.314
92. Venezuela 0.517 0.572 0324 0.002 0.092 0.000 0.002 0.000 0.000
93. Yemen 0.956 0.437 1.000 0.000 0.999 0.013 1.000 1.000 1.000
94. Zambia 0.084 0.000 0.149 0.000 0.136 0.000 0.001 0.000 0.000
95. Zimbabwe 0.342 0.523 0.858 0.066 0.021 0.038 0.030 0.799 0.000

source: Compiled and calculated by authors from study data set.

NoTes: The figures report MacKinnon approximated p-values to test for the presence of unit roots in the Phillips—
Perron test. The null hypothesis indicates that the variable contains a unit root; the alternative is that the variable
was generated by a stationary process. P-values larger than 0.1 mean that the Phillips—Perron test lies inside
the acceptance region at 1, 5, and 10 percent; hence we cannot reject the presence of unit roots. GDP indicates
gross domestic product; KNT, stock of capital net telecommunication; TTI, telecommunications infrastructure.

2Hodrick-Prescott filter.

not significant for OECD and high-income non-OECD countries or for low-
income countries.

This result is consistent with the idea that high-income countries have
reached a critical mass of telecommunications infrastructure, so marginal in-
creases in telecommunications infrastructure have limited impact on output. In
direct contrast, telecommunications infrastructure is expanding in lower and
higher middle-income countries, and this has a positive effect on aggregate
output. Finally, for low-income countries, our results indicated no impact on
aggregate output from telecommunications infrastructure. On a technical note,
Sargan’s test of overidentifying restrictions does not reject the validity of in-
struments when we subdivide the countries by income groups.

This differentiated result across income groups could be reflecting the
characteristic of network externalities. As mentioned in several studies, an im-
plication of network externalities is that the impact of telecommunications
infrastructure on growth may not be linear. The piecewise linear regressions
presented here show that in poor countries lacking a critical mass of telecom-
munications infrastructure (the mean penetration rates for this group of coun-
tries is 0.58 percent), marginal increases in the penetration rate do not spark
economic growth. On the other hand, in lower and higher middle-income
countries, where mean penetration rates range from 5 to 11 percent, telecom-
munications infrastructure has a positive and statistically significant impact on
aggregate output. In OECD and other high-income countries, where penetra-
tion rates are about 40 percent (which may be considered universal coverage),
the effect is muted. These results are contradictory to the results reported in



Telecommunications Infrastructure and Economic Growth 43

TABLE 2.5 Output equation

. A-bond
Generalized dynamic
Dependent Two-stage Three-stage method of a
- panel data
variable: least squares  least squares moments-1V
log(GDP),, 0y (2) () C) (%)
log(GDP)i(z* " — — — 0.793 0.959
(38.11)** (27.87)**
log(GDP)i(t_z) — — — — —0.188
(7.20)**
log(PEN),, 0.113 0.173 0.113 0.033 0.033
(9.87)** (18.78)** (9.57)** (3.33)** (2.96)**
log(KNT), 0.468 0.370 0.468 0.028 0.057
(29.41)** (27.51)** (28.52)** (1.96)* (3.68)**
log(TLF), 0.061 0.114 0.061 —0.004 —0.009
(2.89)** (6.43)** (2.81)** (0.41) (0.73)
Trend 0.008 0.009 0.008 — —
(9.58)** (13.76)** (9.29)**
Constant 5.188 6.769 4.135 0.003 0.003
(10.66)** (16.55)** (8.69)** (6.36)** (5.68)**
Number of 1,655 1,655 1,655 1,639 1,596
observations
Number of 95 95 95 95 95
countries
R? 0.9983 0.9982 0.9669
Sargan test 88.818** 816.70** 687.57**

sOURCE: Compiled and calculated by authors from study data set.

NoOTEs: Absolute values of z statistics are shown in parentheses. All models include fixed effects. *Indicates
significance at the 5 percent level; **indicates significance at the 1 percent level. GDP indicates gross do-
mestic product; KNT, stock of capital net telecommunication; PEN, penetration rate; TLF, total labor force.

2Generalized method of moments estimates, all variables in first differences. The estimations underlying the
results in columns (4) and (5) differ slightly in the variables used.

Réller and Waverman (2001), who find a strong causal link between tele-
communications infrastructure and economic output in OECD countries. It is
possible that their results were driven by the presence of unit roots in the GDP,
the investment in telecommunications infrastructure, and the nonresidential
capital stock net of telecommunications capital.

Turning to the demand, supply, and production equations, all of which are
used as instruments for the output equation, most of the estimated coefficients
display the expected indications and are statistically significant. For the demand
equation shown in Table 2.7, the effective demand is inversely related to tele-
phone price for the full sample. There are differences in this effect across in-
come groups, but for the three lowest income groups the price effect is negative.
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TABLE 2.6 Output equation—generalized method of moments estimates (all variables in

first differences)

Dependent OECD and  Higher Lower

variable: All high non- middle- middle- Low-

log(GDP),, countries OECD OECD income income income

log(GDP),, _,, 0.959 1.34 1.24 1.054 1.046 0.952

(27.87)**  (29.37)**  (29.11)**  (19.90)**  (19.06)**  (18.41)**

log(GDP),, _,, —0.188 -0.382 -0.39 —0.24 -0.339 —-0.115
(7.20)**  (7.96)** (8.85)** (4.69)**  (6.46)**  (2.29)**

log(PEN), 0.033 0.012 0.015 0.064 0.032 0.017
2.96y**  (1.16) 0.91) (3.98)**  (2.36)* (1.24)

log(KNT), 0.057 -0.033 0.074 0.016 0.073 0.031
3.68)y**  (1.53) (2.62)** (0.82) (6.07)**  (1.41)

log(TLF), -0.009 -0.045 -0.008 0.211 0.211 -0.018
(0.73) (1.07) (0.27) (4.49)%*  (446)**  (1.50)

Constant 0.003 0.002 0.002 —-0.004 —0.005 0.003
(5.68)**  (2.69)** (2.45)* (279)**  (3.35)**  (2.67)**

Number of 1,596 395 518 321 372 385

observations
Number of 95 19 26 20 21 28
countries
Sargan test 687.57**  326.81 400.31 363.27 365.54 371.98

source: Compiled and calculated by authors from study data set.

NOTES: Absolute values of z statistics are shown in parentheses. In all models, PEN is instrumentalized accord-
ing to models of equations (2")~(4"). *Indicates significance at the 5 percent level; **indicates significance at
the 1 percent level. GDP indicates gross domestic product; KNT, stock of capital net telecommunications;
OECD, Organisation for Economic Co-operation and Development; PEN, penetration rate; TLF, total labor

force.

Moreover, the elasticity is less than one, implying inelastic demand for tele-
communications. This result is consistent with many other studies, such as
those of Doherty (1984), Zona and Jacob (1990), Duncan and Perry (1994),
Levy (1996), Gatto, Kelejian, and Stephan (1988), Gatto et al. (1988), and
Pasco6-Font, Gallardo, and Fry (1999).8
Demand for telecommunications infrastructure is positively correlated with
income, and income elasticity is considerably higher than the price elasticity.
With respect to the supply equation, neither geographic area nor govern-
ment surplus (deficit) is significant in explaining telecommunications invest-
ment. Although government surplus has the expected positive indication—
implying that telecommunications infrastructure investment would be positively

8. These studies found elasticities ranging from —0.21 to —0.475. See Pascé-Font, Gallardo,
and Fry (1999) for further details.
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TABLE 2.7 Demand equation—generalized method of moments estimates, all variables in
first differences

Dependent OECD and  Higher Lower
variable: All high-income middle- middle- Low-
log(PEN+WL), countries OECD non-OECD  income  income  income
log(PEN+WL),, 0.729 0.944 0.925 0.820 0.695 0.649
(37.76)** (160.60)** (139.07)** (31.18)** (20.23)** (20.12)**
log(GDP/POP), 0.636 0.021 0.017 0.123 0.618 0.234
(14.99)**  (10.78)** (5.75)**  (3.33)**  (9.60)**  (3.20)**
log(TELP), -0.035 0.425 2.048 -0.035 -0.030 —0.080
(B.07** (0.13) 0.32) (2.20)* (1.31) (3.28)**
Constant 0.001 0.000 0.001 0.007 0.013 0.020
0.51) (0.01) (B.18)**  (3.39)**  (5.44)** (6.56)**
Number of 1,366 451 597 266 288 346
observations
Number of 95 19 26 20 21 28
countries
Sargan test 882.82**  B62.11**  663.75** 435.86 519.01 507.75

source: Compiled and calculated by authors from study data set.

NOTES: Absolute values of z statistics are shown in parentheses. *Indicates significance at the 5 percent level;
**indicates significance at the 1 percent level. GDP indicates gross domestic product; OECD, Organisation
for Economic Co-operation and Development; PEN, penetration rate; POP, population; TELP, total labor force
in millions; WL, waiting list for fixed lines per capita.

affected by a government surplus—this result is not significant in any of the
regressions. As expected, the waiting list for fixed lines (per capita) is positively
related to the supply of telecommunications infrastructure, suggesting that
countries with excess demand tend to invest more in telecommunications in-
frastructure. Finally, price is positively correlated with investment in tele-
communications infrastructure.

The last table reported, Table 2.9, showed the production function, relat-
ing investment to penetration rates. As expected, the relationship is positive and
significant for the panel of all countries and across all income groups, with the
exception of low-income countries. The elasticity is about 0.024, indicating that
a one-time 10 percent increase in investment would result in about a 0.2 percent
increase in the penetration rate. This is consistent with observations in historic
series. Although the geographic area is not significant, this could be because the
lagged penetration rate could already be incorporating this effect.

Conclusion

While the empirical approach presented in this chapter mirrors the work of
Réller and Waverman (2001), some notable differences exist. Unlike those
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TABLE 2.8 Supply equation—generalized method of moments estimates, all variables in

first differences

Dependent OECD and Higher Lower

variable: All high-income  middle- middle- Low-

log(TTI), countries OECD non-OECD income income  income

log(TTI),, " 0.261 0.635 0.626 0.152 0.344 0.394
(6.82)**  (19.30)** (17.86)** (2.50)* (6.30)**  (5.35)**

WL, 0.104 0.024 —0.005 0.094 0.110 0.076
(3.56)** (2.20)* (0.43) (2.35)* (3.55)**  (0.27)

log(GA), -238.924 ~96.720 31.892 — — —
(0.48) (0.99) (0.22) — — —

GD,, 0.000 0.000 0.000 0.000 0.000 0.000
.11 0.44) (0.39) (1.44) (1.23) (0.52)

log(TELP), 0.116 0.477 0.075 0.654 —0.062 0.115
(2.21)* (7.58)** (3.64)** (3.77)** 0.47) 0.62)

Constant 0.047 0.000 0.018 0.053 0.062 0.023
(9.90)** (0.00) (6.19)** (5.65)** (5.30)**  (1.99)*

Number of 889 290 365 200 189 135

observations
Number of 83 19 24 19 20 20
countries
Sargan test 495.63 383.14 421.97 205.16 272.86 154.96

source: Compiled and calculated by authors from study data set.

NOTES: Absolute values of z statistics are shown in parentheses. *Indicates significance at the 5 percent level;
**indicates significance at the 1 percent level. GA indicates geographic area in thousands of square kilometers;
GD, goverment surplus (deficit) in billions of U.S. dollars; OECD, Organisation for Economic Co-operation
and Development; TELP, total labor force in millions; TTI, telecommunications infrastructure; WL, waiting

list for fixed lines per capita.

of Roller and Waverman (2001), our estimates are corrected for the presence of
unit roots. Estimates based on the entire set of countries indicated a positive
causal relationship between telecommunications infrastructure and GDP. These
estimates suggested that a 1 percent increase in the telecommunications pene-
tration rate could be expected to lead to a 0.03 percent increase in GDP. Piece-
wise regression models for different country groups revealed a nonlinear effect
of telecommunications infrastructure on economic output. The impact was par-
ticularly pronounced for lower and higher middle-income countries and was
muted for other country groups. These results imply that telecommunications
networks need to reach a critical mass, or threshold level, of connectivity be-
fore impact on economic output is discernible. Of note, growth effects were
strongest for telecommunications penetration rates of between 5 and 15 percent.
Outside this range, growth effects were limited.
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TABLE 2.9 Production equation—generalized method of moments estimates, all variables in
first differences '

Dependent OECD and Higher Lower
variable: All high-income  middle- middle- Low-
log(PEN), countries OECD non-OECD income income income
log(PEN),, _;, 0.941 0.944 0.883 0.916 0.971 0.885
(119.56)** (160.60)**  (61.59)** (81.08)**  (87.08)** (47.38)**
log(TTT), 0.024 0.021 0.013 0.038 0.046 0.005
(7.27y**  (10.78)** (3.02)** (9.95)**  (10.33)**  (1.10)
log(GA), -1.91 0.425 — —294.542 0.000 0.000
(0.13) (0.13) (0.56)
Constant 0.002 0.000 0.010 0.003 0.002 0.011
(3.64)** (0.01) (8.39)** (3.20)**  (2.14)* (6.99)**
Number of 1,671 451 724 350 379 345
observations
Number of 95 19 49 20 21 28
countries
Sargan test 984.73**  862.11**  648.38** 483.67 485.22 482.14

SoURCE: Compiled and calculated by authors from study data set.

NOTES: Absolute values of z statistics are shown in parentheses. *Indicates significance at the 5 percent level;
**indicates significance at the 1 percent level. GA indicates geographic area in thousands of square kilometers;
OECD, Organisation for Economic Co-operation and Development; PEN, penetration rate; TTI, telecommu-
nications infrastructure.

While there are some similarities between the results presented here and
those of Réller and Waverman (2001), some differences also exist. Réller and
Waverman (2001) report a similar positive relationship, but their estimate of the
impact of telecommunications infrastructure on economic output is about 50
percent larger than our estimate (0.045 versus 0.03). They also report a critical
mass for telecommunications infrastructure, estimating the level to be close to
a universal penetration rate of about 40 percent, and suggest that growth effects
are strongest in OECD countries. While we also detect a critical mass, our re-
sults suggest that this threshold is reached at a much lower penetration level and
that growth effects are strongest for countries in the low- and middle-income
categories.

Notwithstanding these differences, considering that the average tele-
communications penetration rate in low-income countries is below 1, our esti-
mates imply that developing countries need continued investment in their tele-
communications networks if they are to reap positive growth effects. Marginal
improvements in telecommunications infrastructure are unlikely to yield dis-
cernible growth effects. Moreover, given the even lower penetration level of
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other forms of ICT, growth effects will remain elusive without widespread in-
creases in access to these technologies in low-income countries.

Appendix 2A: Additional Data Set Details
See tables on pages 49-53.

Appendix 2B: Construction of Physical Capital Stock and
Telecommunications Capital Stock

The telecommunications capital stock is constructed using PIM, which may be
represented by the following equation:

K,=(1-8yK(0) + EI,_,. (1- 9. 1)
=0

In this equation, K, is the stock of capital at time ¢, 8 is the rate of depreciation,
K(0) is the initial stock of capital in period 0, and [ _, is investment. Since we
did not know the initial stock of telecommunications capital, we estimated the
initial stock using

K, =1/(g+)9), 2)

where g is the growth rate of fixed telephone lines. For the stock of tele-
communications capital, we used the growth rate of fixed telephone lines. Fol-
lowing Roller and Waverman (2001) we used a three-year average for invest-
ments in telecommunications and growth in fixed telephone lines and adopted
a 10 percent rate of depreciation for capital. Given the high depreciation rate
for telecommunications capital, the initial stock plays only a minor role in the
1990s.

To construct the physical capital stock series, we built on the work by
Nehru and Dhareshwar (1993), who provide a data set on physical capital stock
for a group of 92 developing and industrial countries covering the period
1960-90. Following their methodology, and using data on gross domestic fixed
investment from the World Bank (2002), we extended the physical capital stock
series to cover, as far as possible, the period 1980-2000 and the 113 countries
in our data set. We employed the same measure for constructing the initial stock
of physical capital for the countries for which data on output growth and gross
domestic fixed investment were available. For construction of the stock of phys-
ical capital we used PIM and adopted a rate of depreciation of 4 percent for all
countries. To avoid short-term variations in growth in aggregate output and in-
vestment, we used a three-year average for investment and output following
Harberger (1978).
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Appendix 2C: Supplementary Figures

FIGURE 2C.1 Fixed telephone lines and gross domestic product in low-income

countries, 1980
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sourCE: Calculated by authors from the study data set.
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FIGURE 2C.2 Fixed telephone lines and gross domestic product in lower middle-

income countries, 1980
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source: Calculated by authors from the study data set.



FIGURE 2C.3 Fixed telephone lines and gross domestic product in higher middle-
income countries, 1980
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FIGURE 2C.4 Fixed telephone lines and gross domestic product in non—
Organisation for Economic Co-operation and Development countries, 1980
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FIGURE 2C.5 Fixed telephone lines and gross domestic product in Africa, 1980
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SOURCE: Calculated by authors from the study data set.

FIGURE 2C.6 Fixed telephone lines and gross domestic product in the Asian region,
1980
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FIGURE 2C.7 Fixed telephone lines and gross domestic product in the Australian
region, 1980
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source: Calculated by authors from the study data set.

FIGURE 2C.8 Fixed telephone lines and gross domestic product in the European
region, 1980
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FIGURE 2C.9 Fixed telephone lines and gross domestic product in the Central and
North American region, including the Caribbean, 1980
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FIGURE 2C.10 Fixed telephone lines and gross domestic product in South America,
1980
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Appendix 2D: Econometric Model and Empirical Results
Econometric Model

The Roller and Waverman (2001) four-equation system consists of an aggre-
gate production function equation in which the coefficient on TELECOM esti-
mates the one-way causal relationship between the stock of telecommunications,
measured through the penetration rate, and economic output:

GDP,=f(K,,, HK,, TELECOM,, 1). )

it’ it
This equation is empirically estimated as follows:
log(GDE)) = ay, + a, log(K,,) + a,10g(TLE,) + a,log(PEN,) + a,t +ul, (1)

where GDP is the real gross domestic product, K is a measure of the real capi-
tal stock net of telecommunication capital as mentioned in the data section. TLF
is the total labor force, which is a proxy for human capital, and ¢ is a linear time
trend. The variable PEN, that is, the penetration rate, is defined by the number
of fixed lines per hundred inhabitants. This variable is a proxy for the stock of
telecommunications infrastructure (TELECOM).

The demand for telecommunications infrastructure is treated as a function
of per capita GDP and the price of telephone service:

TELECOM,, = h(GDP, /POP,, TELP,). @)

Given that the objective is to measure the demand for telecommunications, in
this equation TELECOM is approximated by the sum of the penetration rate and
the waiting list per hundred habitants (L). The price for telephone service is
approximated by the total service revenue per fixed line (TELP) and per capita
GDP measures income. The empirical counterpart of (2) is given by

log(PEN,, + WL,)= b, + b, 10g(GDE,/POR,) + b, 10g(TELP,) + u2. (2')

The third equation corresponds to the supply of telecommunications in-
vestment. It is treated as a function of the price of telephone service (TELP) and
other variables specific to the country:

TTI,=g(TELE, Z ). 3)
The empirical counterpart of this equation is given as:

log(TTL,) = ¢, + ¢, log(GA,) + ¢,GD,, + log(TELP),, + u}} 3"

it’

where (as in the demand equation) service revenue per fixed line is used as a
proxy for price. The scale of the country and the economic well-being of the
country is measured by the geographic area in thousands of square kilometers
(GA) and the government surplus (deficit) in billions of 1985 U.S. dollars (GD),
respectively.
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Finally the telecommunications infrastructure production function meas-
ures the relationship between investment in telecommunications infrastructure
and the change in the stock of telecommunications infrastructure:

TELECOM,,— TELECOM, , | = (ITl,,. R,). @)

To empirically estimate this equation, the change in the stock of telecommuni-
cations is approximated by the change in penetration as a function of invest-
ment in telecommunications infrastructure and the geographic area:

log(PEN,,/PEN,, |) =d, + d, log(TTL,) + d,log(GA,) +ud. (&)

Since Equations (2)—(4) involve the demand for and supply of telecommunica-
tions infrastructure, they endogenize telecommunications infrastructure. All
four equations may be estimated as a system or using a two-step estimation
procedure.

Roller and Waverman (2001) estimate the empirical model outlined above
using variables in levels, and with and without country-level fixed effects. An
issue that Roller and Waverman do not take into account is that variables such
as GDP and capital may follow a random walk. If these variables do follow a
random walk, then a regression of one on the other may lead to spurious re-
sults. De-trending the variables before running the regression may not help
because the de-trended series may still be nonstationary. It is likely that only
first-differencing will yield stationary series.

We attempt to solve this problem by estimating equations in first differ-
ences, and in our empirical work we assume that the error terms in the four
equations follow an error component model,

U, =+ v, (5)
where p ~ IID(0, o) and v, ~ IID(0, 62v) are independent of each other and
represent unmeasured time-invariant country and country/year effects, respec-
tively. Given this error structure, lagged values of the dependent variable (let’s
call the generic dependent variable Y°) will be correlated with the error terms
in equations (1)—(4). Even though the first difference transformation mitigates
this correlation problem by eliminating the individual effect, i, OLS estima-
tion of the differenced model would also be inconsistent because now AY,, | and
Av,, are correlated (given that ¥, | and u,, | are correlated). Anderson and Hsiao
(1981) observed that as long as ,, is not serially correlated, AY, , (which de-
pends on the second and further lags of u,)) is clearly correlated with AY, | but
not with Av, (which only depends on v, and v,, ). Therefore, AY, , is a valid
instrument for AY,, , and may be used to estimate the model consistently.

9. Y represents the four dependent variables in the four equations: log(GDP), log(PEN +
WL), log(T'TI) and log(PEN /PEN, _,).
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Arellano and Bond (1991) observed that, when the number of periods is
small and the number of groups in the panel is large, in order to gain efficiency,
the number of valid instruments grows with the number of available periods.
For example, for ¢ = 3 the only valid instrument is Y, |, but for #=4 both ¥,
and Y,,_, are valid instruments. Consequently, for any given period 7, the set of
valid instruments becomes (Y, ¥, _|,..., Y., ,). Because the exogenous vari-
ables (called x,, for simplicity, though they actually include the model’s other
explanatory variables such as capital and labor force) may be predetermined
and correlated with p,, the valid set of instruments is [x,,., X, - - - » xl.(sil),],
given that E(x, v, ) # 0 for s < ¢ and otherwise equals zero.

With the instruments obtained from the lagged Y and the lagged explana-
tory variables, a matrix of instruments # ' can be obtained, so that E(W,"Av)
= 0. Using generalized method of moments (GMM), the one-step estimators of
o and & would be

(‘;;‘11) = (AY_,AX YWV, 'W/IAY, AX ) N(AY AX YW V,;WAY ), (6)

where
N
V= 2, () (&) W, (7)
i=1

This GMM estimator does not require any knowledge of the initial condi-
tions or distributions of v, and p,. However, to correct for the presence of un-
observed firm heteroskedasticity, we operationalize this procedure by replacing
Av with differenced residuals obtained from the preliminary consistent estima-
tor 8,. This yields the more efficient, two-step GMM estimator (Arellano and
Bond 1991, 1998) used in our study. This second-step estimation provides ro-
bust standard errors. In the absence of such standard errors, test statistics could
be highly misleading, especially in long panel data sets such as the ones with
which we are working,!!
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3 Institutional and Public Policy Aspects
of ICT Infrastructure Provision

MAXIMO TORERO AND JOACHIM VON BRAUN

The growing demand for information and communication technologies (ICT)!
in developing countries is evident from long waiting lists for telephone connec-
tion, growing demand for cellular telephony, and rapidly expanding numbers of
Internet users. For this reason, consideration of ICT is increasingly being inte-
grated into national development agendas. In fact, a virtual “phone frenzy” oc-
curred in the 1990s in the developing world, requiring some US$200 billion in
investments. This was intended to be achieved through a massive influx of
foreign capital, encouraged by the deregulation of developing-country markets
to open them to equipment manufacturers and service providers. A rapidly in-
creasing number of developing countries have either begun the process of pri-
vatizing their telephone companies or have plans to do so. According to the
International Telecommunications Union (ITU), the percentage of Asian and
Latin American countries with privatized telecommunications systems increased
to almost 50 percent between 1997 and 2003 (in Latin America and the Carib-
bean, examples of such countries include Argentina, Bolivia, Brazil, Chile,
Guatemala, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru, Trinidad
and Tobago, and Venezuela; and in Asia examples include India, Indonesia,
Pakistan, Sri Lanka, and Thailand). In Africa, as of 2003, 14 of 42 African ITU
member states had privatized their operations and another 8 had plans to do so
(examples of these countries include Cape Verde, Cote d’Ivoire, Ghana, Guinea,
Uganda, and Zambia).

1. The discussion in this chapter focuses on the benefits of increased information made avail-
able by ICT rather than on the technologies themselves. Nevertheless, the term “ICT” encompasses
both information and the technologies that facilitate its exchange. As discussed in Chapter 1,
telephony is used throughout this book as a proxy for ICT more generally because of the dearth of
statistical data on ICT in developing countries (which is in the process of being addressed) and—
most importantly for the issues under consideration here—the reality that, for the foreseeable future,
telephony is the ICT that will have the greatest penetration and impact for poor people.

64
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The privatization of state-owned telecommunications systems has had an
important impact on the quality of infrastructure. It has also had the effect of
releasing state resources for more pressing social needs. Importantly, telephone
coverage in countries that have undergone reform has increased substantially,
reducing the large service gap in most of them, and the introduction of market
mechanisms and incentives has enabled private investment to reach users more
quickly and efficiently than under former regulations. A large gap still remains
in most countries, however, especially in rural areas, where costs, lack of in-
formation, or risk associated with installing the infrastructure prevent private
initiatives from doing so. This is a universal problem. Several initiatives have
been implemented worldwide in attempts to address this gap in access to basic
infrastructure both for the rural poor and marginalized inhabitants of urban areas.
Although there is little doubt that information and knowledge can affect poverty
reduction, verified data are still lacking for the identification of solutions with
the greatest impact (Accascina 2001). In addition, little research has been done
to determine the critical mass of technologies necessary to maximize their po-
tential benefits.

This chapter examines the institutional factors necessary to facilitate the
development of ICT as well as the kinds of interventions in use today, follow-
ing the conceptual framework established for this volume (see Figure 3.1). The
questions asked include the following:

* Are these interventions necessary?

* Are poor people directly affected by the introduction of ICT or do they
receive benefits only indirectly via a “trickle down” effect?

* Where should interventions be targeted most effectively: at the village or
district level, or at nation or global levels?

* Are there current examples of institutional frameworks and government
interventions under which ICT is helping to reduce poverty?

* Are there other factors that should be considered when utilizing ICT as a
poverty reduction tool?

This chapter continues with an analysis of the benefits of ICT, including spe-
cific characteristics that make some government intervention necessary. Case
studies are then presented that outline different experiences under various insti-
tutional frameworks in Bangladesh, China, Ghana, Laos, and Peru.

Theoretical Issues and the Political ICT Economy

Information technologies can be defined as technologies that facilitate the pro-
duction, gathering, distribution, consumption, and storage of information. The
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FIGURE 3.1 Conceptual framework: Area of analysis dealt with in Chapter 3
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most prevalent of these technologies are fixed telephone lines? and cellular tele-
phones, the Internet, and email. Markets for these technologies have character-
istics that distinguish them from markets for products. These include significant
scales of production; compatibility of standards; switching and “lock-in” costs,
meaning that once you are committed to certain technologies it is expensive and
inconvenient to change to others; and consumption or network externalities,
meaning that an existing ICT user may well benefit from the addition of new
network users (Shapiro and Varian 1999; Shy 2001).

ICT-Specific Characteristics

As Shapiro and Varian (1999) explain, information is costly to produce but
cheap to reproduce. The cost of producing the first copy of information goods
may be substantial, but the cost of reproducing additional copies is negligible
(that is, high fixed costs and low marginal costs). This cost structure leads to
substantial economies of scale. Moreover, the fixed costs are predominantly
“sunk costs” (meaning that they are not recoverable), while the marginal costs
of additional units tend not to increase as with other commodities.

2. Throughout this book, fixed telephone lines are defined as lines that connect a customer’s
equipment (telephone set, facsimile machine, computer) to the public switched telephone network
(PSTN) and that have a dedicated port on a telephone exchange. In most countries, fixed (main) lines
also include public payphones.
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On the other hand, complementarities are often a crucial factor in infor-
mation markets. If consumers want to access the Internet, they need a computer,
a telephone line, and an Internet provider. In this sense, and unlike simple con-
sumables like bread, ICT must often be consumed together with other products.
In some cases, new technologies are linked with lock-in effects as mentioned
above. While lock-in effects are not as extreme as new technologies, which
actually displace old technologies, they can affect a firm’s business strategy,
the options available to it, and its ability to compete.? Another feature of many
ICT-related products is that they tend to exhibit network externalities. Com-
munication technologies are a prime example: telephones, email, Internet access,
fax machines, and modems, all exhibit network externalities. Would someone
subscribe to a telephone service knowing nobody else subscribed? Would peo-
ple use email if nobody else did? These examples demonstrate, as mentioned by
Shy (2001), that the number of other people using similar or compatible prod-
ucts affects the utility derived from consumption of these goods.

The presence of these standard-adoption effects can profoundly affect the
market behavior of firms and consumers. The precise nature of the market out-
come depends on how consumers form expectations on the size of the network.
The reliance on joint-consumer expectations generates multiple equilibriums,
whereby in one equilibrium all consumers adopt the new technologies, and in
the other no one adopts them (Shy 2001). Both equilibriums are “rational” from
the consumers’ viewpoint because they reflect the best response to the decisions
made by all other consumers in the market. Therefore, these kinds of technolo-
gies tend to be introduced with long lead times followed by explosive growth.
The pattern results from positive feedback: as the installed base of users grows,
more and more users find adoption worthwhile. The key challenge is to obtain
a critical mass so that the market can build.*

3. The extreme historical example of a lock-in problem is the case of the layout of a com-
puter keyboard in the so-called QWERTY arrangement. Why is this slower arrangement still in use,
even though others—such as the Dvorak (1932) system—appear to be more efficient? The prob-
lem stems from the obstacle to any one individual changing systems, given that the benefit to any
one person depends on which system everyone else is using. Hence, the problem ceases to be sim-
ply a question of QWERTY or Dvorak in a vacuum. This divergence between individual costs and
social gains occurs whenever a system of production or organizational form exhibits externalities
such that the cost or benefit of individual adoption depends on the volume of other individuals adopt-
ing that same system. Therefore the costs of adoption may be reduced by the number of existing
adopters (Shy 2001).

4. A nice example of critical mass is the advent of the facsimile machine. The basic tech-
nology was patented in 1843, and AT&T introduced it in the United States in 1925. However, fax
machines remained a niche product until the mid-1980s, when the demand for and supply of ma-
chines exploded over a five-year period. Before 1982, virtually no one had a fax machine, but af-
ter 1987 the majority of businesses had one or more. The Internet follows the same pattern. The first
email message was sent in 1969, but up until the mid-1980s email was used only by “techies.” In-
ternet technology was developed in the early 1970s but didn’t really take off until the late 1980s. When
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From the previous discussion it is clear that competitive equilibriums do
not exist in markets for network products and services, as is the case with ICT
(Shy 2001); the markets involved cannot function competitively. Even if a
competitive equilibrium existed, consumption and production externalities would
make the “first welfare theorem” inapplicable.” Therefore, market failures may
occur in these markets.

Natural Monopolies Versus Access Pricing

Most of the economic literature from the 1950s to the early 1980s suggests that
network industries like telephony are subject to strong economies of scale, due
to the significant initial investment needed to establish operations, and should
therefore be termed “natural monopolies” (see Figure 3.2).5 Put simply, it is
socially wasteful for competing telephone companies to establish separate net-
works so that customers can choose between carriers.

With this view in mind, most governments license telecommunications
service to a single company within a given region, and in many cases for the
entire country. To avoid excessive monopoly charges, governments assigned
regulating authorities to determine prices based on product costs. In the 1970s,
governments began identifying two major problems with the operation of these
regulated natural monopolies: the service was relatively poor, and it was not
improving at the same rate as technological advances in these industries. In ad-
dition, regulators failed to control prices and other charges levied on consumers.
Owing to asymmetric information, the regulators failed to observe the true pro-
duction costs that service providers were facing, so firms tended to inflate their
reported production costs as a means of lobbying for higher prices. As a con-
sequence, governments began realizing that despite the significant economies
of scale in production, competition could actually improve social welfare, or at
least consumer welfare, which tends to gain significantly from improved service
and reduced prices.

Nonetheless, under a natural monopoly framework it is argued that a multi-
firm industry is inefficient due to a less than optimal scale of production. Hence

Internet traffic finally began increasing, however, it doubled each year from 1989 until 1995. When
the Internet was privatized in April 1995, it began to grow even faster (Shapiro and Varian 1999).

5. The first welfare theorem says that, given consumer preferences are well behaved, trad-
ing in perfectly competitive markets implements a Pareto-optimal allocation of the economy’s
endowment.

6. An industry is said to be a natural monopoly when the fixed costs of establishing it are
indivisible (as is the case in establishing the physical infrastructure for a telecommunications net-
work). Once the establishing costs are incurred, however, output can be produced in unlimited
amounts at a constant marginal cost within a certain range. Under these circumstances, marginal
cost pricing is socially efficient but private firms find it difficult to enter the market because they
cannot afford the establishment costs. Hence competition in such an industry is infeasible.
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FIGURE 3.2 Natural monopoly
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the major question is how to solve this inefficiency under a natural monopoly
framework. “Access pricing” turned out to be the answer: all firms share use of
the existing infrastructure, paying access charges to the firm that owns and main-
tains it. As a result access pricing is now practiced in most network industries.”
In fact, this introduction of competition combined with the demand from regu-
lators that existing infrastructure be made available to all competitors at a reason-
able access charge has led to even more efficient use of infrastructure.

To be able to institute access pricing, however, the initial infrastructure is
needed. This can be a substantial hurdle in poor countries with very low pene-
tration rates (approximate number of telephones per 100 households), where
firms will be willing to commit the initial investment only under a natural mo-
nopoly. To understand this process Noam (2001) looks at a network as a cost-
sharing arrangement among several users. Since fixed costs are high and mar-
ginal costs are low, a new participant helps network users to lower their costs.
Also, the new user adds to the utility of the existing users by increasing network
externalities. The benefit of joining a network rises, though at a declining rate.
In the range, below a “critical mass” (point n,), the development of a network

7. Inrecent years there have been a variety of practices concerning access pricing; see Laf-
font and Tirole (1996) and Mitchell and Vogelsang (1991).
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FIGURE 3.3 Model of network expansion and breakdown
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will be infeasible unless supported by external sources. Such sources might be
subsidies from the government or from other parts of the network organization,
as was the case with early cellular networks, or they could be provided by reg-
ulatory means, such as assigned monopolies or advantageous terms of inter-
connection with other networks (Noam 2001; see Figure 3.3).

Beyond the point of critical mass (n, ), a network’s growth is self-sustaining.
But when growth reaches the private optimum (n,), marginal net benefits are
zero. Left to themselves, existing network subscribers would not accept new
members, but from a societal viewpoint, the optimal network size diverges
from the private optimum because social welfare increases beyond #,. The po-
litical process, therefore, tends to expand the size of the network beyond the
private optimum, to the exit point (n,), through policies of “universal service
connectivity.” Beyond that point, the pro-expansion policy creates incentives
to form alternative networks: the greater the success of the network policy in
achieving universal service connectivity and affordable rates, the greater the
pressure of network fracture. In the case of telecommunications, ironically, the
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breakdown of the network is not caused by the failure of the system but rather
by its success (Noam 2001). The traditional fear is that loss of cost-sharing and
externalities resulting from the second network reduce social welfare. Where
mutual interconnection is assured, however, the externality benefits remain (or
even increase).

As may already be assumed, most poor countries and certain rural areas
fall into the region before n, so government interventions are still necessary to
shift their networks further along in the competitive process.

Government Interventions

As discussed above, networks need to reach a critical mass before achieving
self-sustained growth; in addition, to achieve universal access, a certain level of
government intervention is needed (Shy 2001 and Table 3.4). In less developed
countries, and specifically poor areas, the primary objective of universal service
is addressing the isolation for communities and households in rural and remote
areas. A notionally similar—but more applicable—concept for developing coun-
tries is universal access. In contrast to industrialized countries where access to
telecommunications is defined at the household level, the notion of universal
access seeks to ensure access at a “reasonable level,” such as at the community
level. While the maintenance of universal service in telecommunications is a
cornerstone of public policy in industrialized countries, its minimum achieve-
ment has remained the key public policy in developing countries.

At this stage of the discussion it will be helpful to define the kinds of
information transmitted via ICT and how they are beneficial. At the local level
(meaning in villages, districts, and in some cases urban areas) ICT provides cit-
izens with information about market prices and social services like health and
education; at the national level, more complex ICT systems carry information
about employment, investment opportunities, and goods and services; and fi-
nally, at the broadest level, systems connect nations to the global information
infrastructure (though higher levels usually overlap lower levels to some degree).

In terms of interventions, there are those that directly benefit poor people,
usually at the local level. A typical example is farmers using technology to ob-
tain daily market prices, allowing them to reduce their costs and increase their
profits by eliminating the middleman. Even though the technology may only be
available at a nearby district center and data have to be conveyed to villages in
hard copy or by word of mouth, farmers directly benefit. If we employ a broader
definition of poverty to include the right to participate more widely in society,
there are many more ways that poor people directly benefit from ICT. These
include improved provision and quality of public goods, more effective use of
existing social networks, and new institutional arrangements that strengthen
the rights and powers of poor people and communities. The indirect benefits of
ICT “trickle down” through the economy, such as when a child from a very poor
family manages to go to school, get a good job in the capital city involving the
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use of technology, and then provide financial support to his or her family in the
village. The third type of intervention is the use of ICT in support of poverty
reduction mechanisms and development policies and programs. Cross-cutting
areas in poverty management can be greatly aided by technology (for example,
the use of information systems to manage conditional cash transfer programs
through decentralized offices that manage information on program compliance).
A common example is the use of databases to organize, monitor, and evaluate
the progress of poverty alleviation projects.

Universal Service versus Universal Access

Universal service obligation (USO) is commonly aspired to as a communica-
tion policy, the goal being for all the inhabitants of a particular country to have
access to a telephone line, regardless of the cost of providing it. Both political
and economic rationales underlie USO, which has been enforced by regulatory
authorities through service providers worldwide. As mentioned in Crémer
(2000) and summarized in Chowdhury (2002a), justifications for the need for
USO in the context of ICT include (a) its potential to improve income distri-
bution; (b) its value as a “merit good”; (c) its primary characteristic of creating
network externalities; and (d) its potential in decentralizing regional policies
(see Crémer 2000).2

In terms of income distribution, by providing the same service at the same
price to every client (known as “uniform price restriction”), USO ensures price
equality between high-cost and low-cost areas. By subsidizing the “basic pack-
age” or “connection charge” through higher price for other services, USO can
be used to favor low-income groups who would not otherwise subscribe to the
network. Such a policy can ensure redistribution toward high-cost areas and
low-income groups, while also increasing network externalities. In this way,
USO is useful as a distributive mechanism that can simultaneously foster eco-
nomic development. In fact, some economists think this is the most compelling
justification for imposing it (see Cremer et al. 1998, 6, for example). In situations
where standard distributive instruments suffer from information asymmetry and
are politically costly to implement, USO is a useful way to implement distrib-
utive mechanisms.

Maintaining universal service in telecommunications is a cornerstone of
public policy in industrialized countries. Yet its minimum achievement has re-
mained a key public policy concern in developing countries. Clearly, the sys-
tem of sole state-owned providers, which was successfully used in developed
countries to meet USO, failed in developing countries. Historically, monopo-
listic state-owned telecommunications operators have not met consumer demand
for services. This was true even in urban areas where the marginal cost of ex-

8. Note that (a) and (c) are the most widely cited in economic literature (see Panzar 2000).
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tending the network was relatively low. Political interference with tariffs in-
troduced severe distortions in the price structure, and as a result most devel-
oping countries had large waiting lists for connection and even wealthy con-
sumers were unable to get fixed lines. Most telecommunications services needed
investment resources and drastic technological upgrades. Deregulation and
growth of liberalization and competition has only made it more difficult to fi-
nance USO.

This raises the question of whether USO is a reasonable goal in developing
countries, given their limited resources. A similar but more applicable concept
in the context of developing countries is universal access, which—in contrast
to the household-level definition of access prevalent in industrialized countries—
seeks to ensure access at a “reasonable” level, such as at the community level.
Thus, the primary objective of universal service in terms of telecommunications
in developing countries is to “break the isolation of communities and house-
holds living in rural and remote areas” by giving them access to a basic com-
munications network. The primary benefit of universal access is to reduce the
cost of communications for communities and groups, to facilitate increased
commercial activity, and to reduce the delivery costs of other public services such
as education and health. With few exceptions, state-owned telecommunications
enterprises in developing countries have provided low coverage, deficient qual-
ity, and low productivity, and they have generally exhibited a deficient man-
agement record, largely because of political interventions. This has resulted in
severely limited telecommunications access in those countries.

A wave of reforms has been instituted in developing countries in recent
years with the aim of achieving, among other goals, universal access. Countries
with transition economies have been at the forefront here, and particularly
countries in Latin America. As mentioned above, reforms included privatiza-~
tion, the introduction of regulatory authorities, and the fostering of competition
where possible. Results have been impressive on the supply side of the market
(see Table 3.1 for some best practices). Coverage has also increased substan-
tially with privatization and liberalization. Old equipment has been renewed
with digital switches and fiber optics, and the price of new lines has decreased
substantially. Although there are complaints about post-reform tariff levels,
there is no doubt that privatization has substantially improved telecommunica-
tions access for vast numbers of the population, especially in those countries
that imposed specific coverage goals for poor marginal areas.

The lesson seems to be clear: the first step in increasing universal service
is to promote private investment and competition in the market to close the
existing gap—that is, to provide telecommunications services to the thousands
of consumers that fell outside the network because of inefficient business prac-
tices. This is no easy task. In order for privatization to work, a sound legal and
institutional framework is needed, and interconnection rules among different
operators must be clear and transparent. However, strong, autonomous, and



(suoyd arp paseyomd oym
Ioquow Yurg] usoureIn)
®) Jojeredo ouoyd a3e[p

(3pIomiou
IR[n{[20 94} Jo 103e10d0) Aiqeareisns
(Aaoyny wodd[a], *PY1 SUOYJ UISWRIN) -J188 a7eALL
[ery ysapejdueg (Auedwioo suoiy
PUB WO, -~ROIUNUIO[R) PAUMO
BQAYS) S1BA §7 -0)e}5) pIeog suoydajay,
10J SJYSLI AISN[OXD pue ydei3s[a], ysope[Sueg  UOLNQLIUOD JOISIAUT
YIm “wod[aL (s98reyo swmare
UsaWeIL) 0} UoHIppe oy Jo yuswAed o sypsodap
ur “s109e10do oM SIAT03I) UI0II[3], USSUIRID) 12qLIOSqNS Tenruy suoydied
0] pasuddI| ST J9yIeW (wrer3oi1d Suroueuyy JPpaIdOIoTW drgsioupred (zeny[o0) 23e[IA
suoyda[a) [eImI oy ], -958a[) Jueq UIIUIRIL) Yueq UosWeIr) — ajeALId—oI[qng —UI009[3, usourel)  ysepeSueg
901AIOS SIMIonyS [EUOMNSUL Suipung UOISSIOUO)) Ayodoig j00lorg Anuno))
Junnsal Jo
armonys JONIBIN

SUOTBOTUNUIIOs3]2) exnl ut seonoeid 1sog Y'¢ A 1AVL



(panuiuoa)

(uonensiiwpe puny)
SIUOIIVIUNUIU003]3] SD]
2p 0]]044DSH(T 2p 0fosUOD) JIPRID [BUIXH
(SHONEOIUNUILIONA]3], pue
yodsue1]; 3o AQSIUTA 3y}
30 yT1s1040 21 19pUN) SoUO01OVITU
SPUOLIDIIUNIUUL0I2) 3] Supuny -nul023}3] S} AP
uounadwoy)  sp] ap 0]]0LDSI(T 3p OpUOT o1qnd Teureuy — EYITNAE 0]]04DS2( 3P OPUO] Ay
"UOTJRUTWIASSTP
uoneIIoyuI Ul "UOTSSIIUTIOY) UOTYEONPF
pasn sxodedsmou a1e)g o1 pue tAyped
Ujum SIUIT “SaT)un -wounpy Sutlieg ‘Ao
-10ddo open pue uon 21UOU0D AY) “UOISIAD[A],
-BULIOJUI OIIOUO0IR pue ‘w1 ‘Sunseopeoig
JO TON)BUTIASSIP JO AnSTur]y 9y {Anshpuf UOTRULIONUT
PUE TONOS[0d STUOIIOYH JO ANSTUIIA JO uononpOIIUL
o) I0J S661 Ul 9} Aq U9eUISpUN UOHE} o y3noaypy
POYSI[RIS? SOUNO0D -uswapduuy urew Susux yuoururene Suraq
1aU10 ¢1 pue ‘eury) -u10408 a1 Aq papraoad noxei(3ueyz -I[oM PUe SSIseaW
‘A0 neyer(3ueyy uoneulp100s urerdoid Jo A Nueg uonerasye rasod

Ui SUOTIEIS JO NIOMION pue Suuueyd [[e10aQ amnoudy eury) — o1nqng Jo uonemowaldwy eury)



Kjodouous [eooT

Ajodouour 1eo0]

*BOIE UOISSIOUOD

9y apisut Ajodouott

® sey AJ[enyoe

J01e13d0 JUBqUINOUT

mnq ‘gee61 ouls

uonyadutod pue ‘seale
paalasun Joj Anud uadQ)

ODNVS

Kduagy 901A19g

[eSISATU() UBDLY JINOS

(TALVNOS 4q 108
SpIepue)s JJjny suorey
-[BISUI 2SOYM ISIUSI[)
9y} JO JOUMO 10 JUBUS)

®) SeaIe eI ur J0jerado
{(19p1101d SUOHROTHNUIIION

-9[9) [euonEw) TIIVNOS

SUOTJEITUNUIIO.) PUE
yodsuey, Jo Ansturg £q
1eaoxdde 109(oxd ‘(auoiovo
-1UNWo2]3] U2 DPUALL]
UOISUDAU] 3P 40SIAIDdNG

owsup30) TALAISO
Kq uoyo9as 109foxd

PUE UOHEXSIUTUPE Punj

Surpung

[euIxyg

puny 291AI0g
[esIaATuf) Aouady
90TAISG [BSIOATU()

UBILLY Yinog

Aqiqeureisns

-]J9s 2yeAllq

sonuoaAal Jojexado
901Al9s orjqnd

J0 1u9010d 2UQ

ssarduo)

901AI3S
Bumynsai jo
Imons JoNIRA

2INJONNS [RUOTMNSU]

Supunyg

[eUOlEN UBOLYY
a1 03 parye dnoad
Paseq-A)IunuIod
Jofew 3y
“(OONVS) uon
-eziuegiQ) ML)
[BUONBN] UBILY
YInog Jjo youeq RO
— [eoo] ay3 £q paumQ I2Ju229]9], BYO[esED) ynog
— Al SIS, [e8ouag
(Td119) sauowom
drgszswred ~NUUOI2]3] U2
— arearrd-orfqng UQISI2AUT 2P OpUOY nid
UOISSIOUO)) Krodoig woforg Anuno)

panunuoy 1€ FTAVL



(panunuoo)

“(yyuowr

d oegsn Y
paredwod yuow 1od
001$SN—ssuoyd
ueqin Jo sNULASI

a3 sowy o9y

ur 3uiiq souoyd
a3e[[1a) duIj [RINI
Jod ssnuaaa1 Y3y
A104 {(100T seeq)

ISREC FARE NG
= snjdms Iownsuos

‘souoyd a3e[1A 56

Ajodouowx
SUOT}BITUNUILIOIS[)
P2JeIO0SSE pUE

sjonpoxd 101 a1dunp

Jromiau ouoyd remye
(NSD) SuoNEOIUNWIOD
9[1qou 10} WiAIsAS [eqOID)
eplue(] pue
{(N.1]) uorup) suoned
-TUNUIWIOAS[3 ], [BUOTIET
~19u] {(DYAD duus)
[oreasay juswdoraasg
[euonewiu] (ODSANN)
uonezuesI) [eIyn)) pue
OYNUAIOG ‘[euoneonpy
suoneN ponup) £q poddng
dnoix3
195 3109 PUB ‘@ONWIUIOY
FULISAIS [BOO] ‘ORI
JuowoFeuew e jo pasod
-wo9 st uoneziuegio Y]

's931eyo Sutogino

[RUOT)BUINUL

1) saIRq JOPUSS

oy) ‘g1l1d pue

(v1d9) Luoymy

wos93L

[eany ysope[3ueg

oy} usOMIdq

s[[eo 104 (4 1L1LE)

pieog suoyda[a],

pue yderso[a],

ysopejSueg

2] se 2Imonns

Ijure) oures

WONI[Q], UddUIRIL)
£q paurwiale(q

pury
Arunuruod (800

JUSUIMLIAA0S

uepuedn

oy} pue s1ouped

JeuoneuUISUL

woxy poddns 3o8png

*SI0IAI0S
UOT}OUUOOIIUT
10J s181X9 Ajodou
-OUI PaUMO-3Je)S
"W00[9], UdIWeIn)
Aq pauruiiaiep
a3eyoed cuoyd
o3e[[1A o1seq
oy saseryoind
oN  1ojeiado adejia oyl

[1ouno)
Ajunoogng
ayaseyeN

— oy Aq paumQ

‘s103e12do suoyd
93eq1a o1 830998
pue ‘sajowrord
‘sop1aoid (dnoi3
ueq aq; jo tied)
UI0O9[3], USSIRID)
pue Juroueuy

oy sopraoid

dnois yueg uosweIn)

I9JU09[L,
Amununmo)) ssodind

~BINAL SN



SE0-£°0%8N

UOI[IW 2q 03 PIBUIIS
SBM JBOA IS1 o) UL
pazifeal 3yoid Syfomgou
oy} Susn A[sAnoe

2IaM SINUNOD ()9 ‘9661
rudy Jo se {pasearour
JUSULSOAUL 0] SSID0E
pue popuedxa usaq sey
apey ‘Apjomb a1ow 1e]

puewap seaur jonpoid Funjromau

rermgnonse jo Ajddng JTUOIIOA]D PASEG-SN[NES ON [2hitvie}

‘sa81eyo Aaed

Py Jo Juew

~o[mes Iaye

viyd ynm

0g/0L snids

1L ‘sjpeo

Surmeour 104
ID1ATIS 2IN}ONIS JRUCHNLSH] Juipun,] UOISSIOUOY) Kxadorg 101 Anunos
Sunyasar jo
AIMONYS IR

ponupuoly 1°¢ A1dV.L



(panuzuod)

‘(e2109p

ey ojeredas
BUISIBAA §

10 paxy) safreyo
UOTOaUUO02IUT
pue (asueol]

oY Ul S1B3K O

10] paxly) oI
Supreo Arewud
oY ultpLA pq sl
sagreyo auoyd SuIm oym
-Ked jo uondooxe 19p1aoxd oy
*$JUEIqRYUL UOT[IU ) PIM ‘SIDIAISS 0] S30IN0SAX 201012
7' moge yum ‘pasn A3o[ouyoa) a1y I9Y) e 10§ JO 1oJsuen sogreyo A3o[outo9) pue
SHONBOO] [BINI £60°Q 250010 07 991 ST 19pIA0Id saoud 195 0) 90 o13urs 9sanbor UOII9oUU0d SsauIsnqg Jo Wopasy

0} paseaIdul a3eI10A0))  SHIOMISU JOYIO PUB NI[IeS aIe sioyerado [ermy Apisqns 15am07] -I3yur payenSay ‘syoafod apduyngy i)



*10)e19dO

oy pue THIVNOS
U294)2q U
-0013e [emynul £q
Yiomau TIIVNOS usAIg $1 19jU905191
PaInseaur J0N suoyd 1e[nfjed WSH £q papiaoig oN TIIVNOS e JO UORE[[BISUl ay ], [eSouag
WNIOSUOD B SE IO
*901AI9s Juoydajo) UOISSIIUOD Ajrenpiaput juour
moyNm sOLYSIp “1sanbax 3} JO IoUmIM 3 ~dinbs 10 5014108
mew 1o ‘otdoad goo‘c Apisqns Aq pIay S901AI9S SUOIIEDIUNUILIOD
01 (00 JO suote| 159M0] a1} UOYOIUUGIIAUT -a101 apraoid
-ndod yum saBeqia s 1opiaoid uo Kjodouowr 0} 9[ge S10}SIAUT
0} papiaoid 991AIas AD1AISS 94} 01 {UOISSOoU0d apeand ‘urexgoad
‘sproyasnoy go¢ 1od sdes oond Popleme Uols 211} JO JouuIm THLI 91 Topun
souoydaye) oryqnd 99°p yua ‘poren3day -§90U0D IB2A-(7 oy Aq paurueieq spoafoid spdnmp g
AD1ATOS SIMINLS [eUORMNSUT Supunyg TUOISSIIUO)) Apodorg wolo1g Anunod
Bunmsai Jo
QIMONYS JONIBIA]

paruniuoly 1°€ A TEVL



+$59201d aannadwos v ySnoxy Lqensn quatnirsaod oy £q s1opiaold 501AISS SUOTIEITUNUIIOI[3) 0) pauSisse J0BIIUOD IDIAISS © ST UOISSIOU0D Y :HION
8} Ysnoayy Aqy 1 ! nest ¥ I T uot v

“(SPIOY9STIOY 000°E
pue sa3e[[ia 7f)
SIOTAISS SUORRIIU
-MWLI09[3] 0}
$$3008 AJUNUWIIO))
*SIS2JO [RIIPSUI pUE
‘SIO)IOM AJTUNUIIOD

*(190170 UONRW
-I0JUI JURISISS® pUe
ISOLJO UOTjRULIOfUT

‘1oSeuew JURISISSE

“(uaIpIIYo 000°L) ‘18eueur) oy Jo
AJUnwwiod [00yds pes e sey QLW
2} 0 $IVIAIDS (NLIN) 1omIaN SUOL)RITUNUIIO.)
XeJ pue ‘ouoydsye; suoydaral IO pue podsuel],
“ouroquy $apIAOIg JO  MOpeYS-3[2) OPNasd,, woos[a], epued() Jo Ansturpy oy L,

ODNVS jJo
BOLJY YINOg BOLIY £18)215358 [RIoUT
woy9[a, ‘I0rersdo suon INOS WON[3L, oy} pue ‘1euren
-BOIUNUIWO9[9) [RUONRU I 119D “WOdBPOA Iondwos awm-[jng

o) £q pOUMO HIOMIOU (NLIN) J10mIaN ® ‘s10STAI0dNS 0M] RO

pamseaut JON suoydaray aurj paxig ATeuon)aI0sI(] ON suoyda[a], S[IqON pue s1o8euews oM, ynog



82 Maximo Torero and Joachim von Braun

capable regulatory agencies are hard to build, especially because local expertise
in this area is lacking. Professionals need to be trained in every aspect.

Nevertheless, even in countries where telecommunications systems have
been successfully reformed, the private infrastructure investment needed to
extend coverage is limited, and it is unlikely that private investors will engage
in risky or unprofitable ventures without suitable compensation. Traditionally,
lack of universal access is correlated with insufficient rural funding to allow
poor constituents to afford the service. In response to this problem, a number
of subsidy mechanisms have been implemented in attempts to ensure that poor
people pay no more than their wealthier urban counterparts for access to tele-
communications. The economic rationale for subsidies is based on the existence
of consumption and production externalities, network externalities, and scale
economies. Also, in a modern society, affordable access to these services is con-
sidered essential to equitable and effective participation by all members of the
population.

The main problem with such schemes, however, is sustainability, although
in some cases (as is reviewed in the case studies later in this chapter) rural in-
habitants are actually willing to pay much more than urban consumers for
telecommunications services, overcoming this problem, and invalidating lack
of resources as an argument against the subsidy schemes. Several authors have
challenged the unprofitability of providing rural telecommunications services,
blaming regulatory agencies for incorrectly estimating rural inhabitants” will-
ingness to pay (see Richardson 2002). This partially corresponds with the lower
than anticipated subsidy requirements set by private rural operators in the ten-
der process. While this is a valuable discussion, justifying the need for private
operator subsidies is beyond the scope of this chapter. Our focus is merely to
describe mechanisms that have been successful in closing the gap in access
to telecommunications services in rural areas and access the sustainability of
such mechanisms.

Interventions have varied across countries. Regardless of the subsidy is-
sue, public funds are needed if universal access is to be achieved, How these
funds can be used most effectively—that is, to increase the coverage at the low-
est possible cost—is a key question. Once again evidence supports the success
of mechanisms that use private-sector ingenuity; solutions, however, also de-
pend on the degree of institutional sophistication achieved. Because of the dif-
ficulty in implementing the reforms, no single path can be recommended to
work for every country. Some potential best practices implemented after reform
in countries like Chile or Peru have proven to be efficient; a key factor in these
instances was a public bidding process to assign funds to the private operator
that made the largest coverage offer at a fixed tariff level. Nevertheless, as al-
ready discussed, such strategies are only appropriate in the presence of tele-
communications sectors that have undergone reform and have strong and efficient
regulatory agencies in place. Such approaches would not work in countries where
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the reform process or related institutions are weak. Thus, the next logical ques-
tion is whether measures could be implemented in parallel, enabling reform to
occur in tandem with the development of infrastructure. Despite some restric-
tions, cases in Africa and Bangladesh seem to support the possibility of simul-
taneous paths.

Country Studies of Different Experiences

Of the five countries that form the focus of the case studies in this chapter—
Bangladesh, China, Ghana, Laos, and Peru—three of them have per capita GDP
below the low-income country average of US$484, and more than one-third of
the population in four of five countries (China being the exception) is under the
national poverty line. Combining the overall picture of poverty with a substan-
tial rural population in each country (more than 60 percent), a picture of high
rural poverty emerges.” In terms of telecommunications service provision,
three countries had teledensity rates lower than the low-income country aver-
age of 2.83 in 2002. Penetration rates are generally low countrywide, but they
are especially low in rural areas. Once again China is the exception, having
undergone tremendous growth in recent years (for example, a growth rate of
25 percent between 1998 and 2002).1° While narrowing the gap with developed
countries is an urgent goal, narrowing the gap between urban and rural areas is
an equally high priority from the perspective of pro-poor rural development.
See Table 3.2 for a general overview of the five countries.

The focus of the case studies is the impact of both fixed line and cellular
telephony on the rural population and particularly poor people.!! Reflecting the
lack of service provision in rural areas, the studies deal with telephone service
through publicly accessible facilities, with the exception of the case on China,
which looks at subscribed users.

Overview of the Reform Process

Public monopoly and unregulated private enterprise are polar-opposite sys-
tems of ICT provision. Many other possibilities also exist between these two
extremes, such as partial privatization, whereby both public and private en-
terprises provide services; privatization of the public monopoly to a private

9. Peru has a relatively low rural population, but they are very much dispersed, making de-
livery of social services more difficult.

10. These figures overestimate rural teledensity because they cover all areas of the country
except the largest city; rates would be much lower if rural areas were considered on their own.

11. Aspreviously discussed, telephony is used throughout this book as a proxy for ICT more
generally because of the dearth of statistical data on ICT in developing countries and the reality
that, for the foreseeable future, telephony is the ICT that will have the greatest penetration and
impact for poor people.
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TABLE 3.2 Overview of the five case study countries, 2002

Indicator Peru Bangladesh ~ China  Ghana  Laos
Per capita GDP (constant 1995 USS$) 2,380 396 944 429 477
Share of population under national 49.0 49.8 4.6 39.5

poverty line (percent)?
Share of rural population (percent) 26.5 73.9 62.4 63.3
Teledensity (fixed telephone lines 6.6 0.5 16.7 13

per 100 inhabitants)
Share of fixed telephone lines in na 8.5b 36.6 8.7°

rural areas
Share of fixed telephone lines in areas 32.6° 39.50 95.1° 31.5°

excluding the largest city (percent)®

sources: World Bank (2004), ITU (2004), and OSIPTEL (2004).
NOTE: na indicates that data were unavailable.

#Latest single year between 1996 and 2002 (World Bank 2004).
2001 data.

€2003 data.

regulated monopoly; and provision under a regulated competitive market struc-
ture. Until the 1980s, government ownership of telecommunications services—
paid for, as needed, by tax revenues—was a common telecommunications strat-
egy in both developed and developing countries. In reality, services under state
monopolies were inadequate in terms of coverage and service quality. Conse-
quently, by the 1990s, the idea of a natural monopoly of telecommunications
infrastructure fell out of favor, and the trend shifted toward liberalization and
competition.

Under state monopoly, the extent of network development remained very
low in all five countries prior to reform: fixed line teledensity (the number of
fixed telephone lines per 100 inhabitants) numbered 0.17 in Bangladesh in
1988, 0.26 in China in 1985, 0.36 in Ghana in 1995, 0.35 in Laos in 1995, and
2.97 in Peru in 1993. And these countries are not the only examples of poor
telecommunications service under state monopoly in developing countries. In
terms of the distributive goal of the state monopoly to provide access to the
poor and to households that live in rural and remote areas, no substantial im-
provement was seen among the case study countries; the extremely low cover-
age of telecommunications networks remained predominantly urban based. In the
late 1980s and early 1990s, many developing as well as industrialized countries
made the decision to privatize their telecommunications sectors, shifting to reg-
ulated private monopolies with the goal of improving the service quality and
coverage. Under such regulations, prices were maintained below the profit-
maximizing level, just covering the average costs. The telecommunications
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regulator was expected to ensure this price, and the private monopoly was ex-
pected to attract private capital to the sector to facilitate the expansion of the
network. In some cases, such as in Peru, privatization of state monopolies re-
sulted in a windfall for the government and improvement in overall consumer
welfare, whereby consumers benefited from increased service coverage and
waiting lists for telephones were virtually eliminated.

Further moves toward introducing competitive telecommunications mar-
kets in developing countries have occurred since the 1990s. Yet complications
have led economists and regulators to question the value of regulated private
monopolies. Consequently, the trend in recent years has been to move away
from regulation toward deregulation and competition. Regulating a tele-
communications monopoly is complex because of the different cost conditions
and lines of business involved. Further, technological progress has changed the
cost structure, making competition possible. This has led to the recent trend of
deregulation and competition.!?

In the case of these five countries, Bangladesh is the only one to have main-
tained a state monopoly in urban fixed telephony until very recently (2004).
Bangladesh has now privatized its rural telecommunications market, introduc-
ing two private providers in two parts of the country. In Peru, the government
privatized two state monopolies in 1994 that later merged to become a regu-
lated private monopoly; as of 1998, the regulated private monopoly era ended,
and competition was introduced in all market segments. In Laos, the government
allowed the state monopoly to form a joint venture with a foreign company in
1996; competition was introduced in 2002. In China, the government separated
its postal and telecommunications services in the 1990s and introduced limited
competition among state-owned telecommunications enterprises. The oversee-
ing authority is now considering breaking up the market leader, China Telecom.
In Ghana, liberalization began in 1995 with the formation of Ghana Telecom,
along with a subsequent joint venture that allowed foreign capital. A duopoly
market structure was maintained in fixed telephony until 2002, when Ghana
opened its market for competition.

A summary of changes in institutional arrangements within the tele-
communications sectors of these five countries is provided in Table 3.3. The
specific case studies follow thereafter.

12. Technological progress has made the natural monopoly argument less relevant. The Bell
monopoly in the United States offers a classic example of technological progress and change in
market structure through the unbundling of long-distance telephone services. This separation of
services became even more important in the past decade with the prevalence of cellular and other
wireless systems that are increasingly substituting fix networks. Note that deregulation does not
imply the elimination of regulations but rather significant cut backs in their scope. At minimum,
private providers gain more freedom in setting prices, while in most cases they are no longer pro-
tected from competition.
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Telecommunications Privatization: The Case of Peru
Maximo Torero

Peru’s telecommunications market has undergone a period of fundamental
change since the mid-1990s. Principal forces behind these changes include mar-
ket liberalization, privatization, technical progress, and changes in consumer
demand. These forces have had direct, long-term effects on both consumers and
providers. It is essential, therefore, to evaluate these processes and gain a greater
scientific knowledge of the effects of these changes.

To do this, it is first necessary to briefly review the industry conditions
prior to privatization. Surprisingly, during the time of state ownership, Peru’s
telecommunications sector was unable to meet the high demand for access to
basic telephone services. Lack of investment and prevailing price control poli-
cies were responsible for much of this imbalance. As of 1993, penetration rate
(number of telephones per 100 households) was only 2.0. Based on the degree
of development at the time, the rate should have been closer to 6.0. In addition,
the distribution of telephone lines was concentrated in Lima and in wealthy
households.

Another prominent characteristic of the telecommunications sector in Peru
prior to privatization was the presence of distorted tariffs. In fact, while the
charges for installation were quite high, compared with the international aver-
age (close to US$1,000 per residential telephone line in 1993), the flat monthly
charge was relatively low. In contrast, the tariffs for long-distance and addi-
tional local calls were quite high. As in other countries, the idea that only rich
(inelastic) consumers used international long-distance service prevailed, so the
company cross-subsidized local service with its long-distance service. With
privatization, the government decided to establish a five-year plan to “re-balance”
tariffs to reflect the marginal costs of providing the service. The alternative—
adjusting the tariffs immediately—was considered to be too harsh a measure
for consumers (indeed, the monthly charge would have increased from US$1
to US$17). With the five-year plan, the cross subsidies were reduced incre-
mentally over time. As of 2004, about 10 years after privatization, the balance
remained unclear. Although more people—mainly at the lower socioeconomic
levels—have telephone access, many do not take advantage of this option be-
cause they cannot afford the flat monthly fee.

This case study concentrates on one of the most significant changes to
affect Peru’s telecommunications industry during the reform years, the privati-
zation of Comparita Peruana de Teléfonos (CPT) and Empresa Nacional de
Telecomunicaciones (ENTEL), which were purchased by Telefonica de Espaiia
in 1994. The primary objectives are to estimate the impacts of the changes in tele-
phone services arising from privatization in terms of consumer welfare at differ-
ent socioeconomic levels, focusing on the period of limited competition, 1994—
98. Specifically, the benefits to consumers of greater access to telephones are
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compared with the costs of increased monthly access tariffs. In addition, the new
policies implemented to improve telephone access in rural areas are assessed.

Before and After Privatization

The record of the telecommunication sector under state management was ex-
tremely poor. By 1993 Peru had unusually low telephony coverage, with lines
concentrated in the capital city, Lima, and in wealthy households. By compar-
ison with international standards, and based on per capita GDP, Peru should
have had a teledensity of 11.0. However, Peru’s teledensity was only 2.6 in
1992, one of the lowest in the region. Waiting time for a new line in 1993 was
118 months, while customers in Colombia were waiting 17 months, and those
in Mexico were waiting 11 months. Service quality was below international
standards. In 1992, only 40 percent of all phone calls were actually completed,
partly due to the small network and obsolete technology in use, which easily
became congested. Inadequate maintenance also affected communications qual-
ity. Telephone cables generally have a 15-year life, yet by 1993 some cables in
use in Peru were over 60 years old. In addition, only 33 percent of the network
was digital. Exacerbating this situation, CPT and ENTEL had excessive em-
ployee numbers, resulting in low productivity indicators and a distorted structure
of operating costs. Another distinctive feature, as mentioned, was the distorted
tariff structure.

Privatization was designed to increase coverage, boost efficiency, and en-
courage a competitive market in the medium term. The privatization contract
set specific investment goals to address the existing supply constraint, the five-
year rebalancing plan was intended to foster competition. By 1998, improve-
ments were impressive. The number of lines increased by 167 percent during
1993-98. Thus, Telefonica de Espafia amply met the concession contract’s
coverage goals. By 1998, the entire market for basic telephony was covered,
and the waiting list was eliminated. Service quality also improved substantially.
By 1998, 90 percent of the network had been digitized and 99 percent of local
and international long-distance calls were completed. By 1998, rates had been
rebalanced and the sector was open to free competition several months ahead
of schedule (Figure 3.4).

Finally, fixed lines in service per employee increased from 87 in 1994 to
275 in 1998, and waiting time for new lines fell from 33 months in 1993 to 1.5
months in 1998. Accordingly, net profits increased from 5 percent in 1993 to
almost 25 percent in 1997, and total profits increased from US$35.5 million in
1993 to US$400 million by 1997. Table 3.4 presents data on the sector’s per-
formance at three time intervals: at the end of public monopoly (1993), the end
of limited competition (1998), and five years after competence was reached in
the fixed and long-distance market (2003).

Peru has also seen explosive growth in the use of cellular and public tele-
phones. While in December 1993, only 36,000 cellular telephones were in use,
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FIGURE 3.4 Number of fixed telephone lines installed in Peru five years after
privatization, 1993 and 1999

Teledensity
increase between
1992 and 1998
[ 0.269-0.900
[J0.901-1.400
3 1.401-1.900
B 1128-2235 : B 1.901-2.400
Bl 2235-2965 M 2 .401-2.900
Il 2.901-8.200

capita 1998

source: OSIPTEL (2004).
noTE: Fixed line teledensity is the number of fixed telephone lines per 100 inhabitants.

by December 2003, that number had increased to 2,900,000. The 2003 figure
for cellular telephone subscribers outnumbers fixed telephone lines by nearly
600,000. Another point of note concerning cellular telephone use in Peru is that
only 22 percent is in metropolitan Lima. The prevailing billing regime is “Call-
ing Party Pays.” Table 3.4 presents data for cellular phones and other non-
regulated sectors, all of which increased penetration significantly, at the same time
establishing the necessary infrastructure for a future development of other ICT.
Similarly, public telephone availability grew from 8,000 in 1993 to
1,230,000 in December 2003, an increase of 1,400 percent. Like cellular tele-
phone distribution, the majority of public telephone growth occurred outside
Lima, although the story in rural areas was different. According to the Popula-
tion and Housing Census of 1993, Peru has over 70,000 rural settlements of
fewer than 3,000 inhabitants. The majority of these—30 percent of the national
population according to the census—represent the poorest zones of the coun-
try, which lack basic services like electricity, water, and sewage. Given the
adverse conditions in these rural regions, the Fund for Investments in Tele-
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communications (FITEL) was created under OSIPTEL to promote private in-
vestment in these poor areas by telecommunication companies, ultimately pro-
moting universal service access across most of rural Peru. Funds are generated
through a 1 percent levy on the gross revenues of all telecommunication firms
(excluding cable and Internet companies), and then the funds are awarded
through a competitive bidding process. Collection of funds began in 1994, and
the first project was awarded in 1998. Telefénica del Peru, being the incumbent
service provider, is not eligible to bid for any of the subsidy projects managed
by FITEL.

The main objective of FITEL, however, is not only to promote access to
telephones but also to promote social and economic development by including

TABLE 3.4 Performance of the telecommunications sector in Peru, 1993, 1998,
and 2003

Performance indicator 1993 1998 2003
Installed fixed telephone lines 670,400 2,012,141 2,249,508
Waiting time for installation of a fixed 118 months 45 days 5 days

telephone line
Installation charge per fixed telephone line ~ US$1,500 US$170 US$143

Fixed line teledensity 0.27 0.61 0.67
Number of locations with telephones 1,450 3,000 4,9412
Number of public telephones 8,000 49,399 123,002
Digitalization of the network (percentage) 33 90 96
Fiber-optic cable (kilometers) 200 3,000 8,173
Direct sector employment 13,000 7,773 9,986

sources: OSIPTEL (2004), ITU (2004), and BCRP (2004).
NotE: Fixed line teledensity is the number of fixed telephone lines per 100 inhabitants.
2Data are from 2002.

TABLE 3.5 Unregulated sectors in Peru, 1993, 1998, and 2003

Indicator 1993 1998 2003
Cellular telephone subscribers 36,000 736,294 2,930,343
Cities with cellular telephone access 7 117 120
Cable television subscribers 725 305,200 339,739
Number of cable television firms 6 39 1222
Internet users na 100,000° 2,850,000

sources: OSIPTEL (2004) and ITU (2004).

NOTE: Internet user data for 2003 have been estimated; na indicates that data were not available.
22002 data.

52001 data.
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these lower socioeconomic areas in the information society through appro-
priate access to communication networks (including the Internet). As of 2003,
FITEL had assigned six projects of rural telephony benefiting 6,460 rural cities,
covering approximately 3.9 million rural inhabitants and translating as 6,556
rural telephones installed.

Although it is clear from these results that privatization had a significant
positive impact in terms of supply, the increased costs of monthly tariffs need
to be included in the analysis in terms of the types of households that bore the
greater burden or enjoyed the greater benefits (classified by their observable
characteristics). This involves measuring changes in consumer welfare to de-
termine whether the gains (higher number of people with telephone access)
counterbalance the higher resulting tariffs. The intention of this study, however,
is not to obtain an aggregate indictor of consumer welfare including all groups
affected by the privatization of the telecommunications sector in Peru, but
rather to simply measure the net effects to consumers before and after privati-
zation. Although we follow many ideas suggested by Galal et al. (1994) and
Martin and Parker (1997), we use a different model to value consumer welfare.
See Appendix 3A for details of the model and empirical estimations.

Measuring Consumer Welfare of Urban Consumers

Since privatization in 1994, an absolute gain in total consumer surplus by service
and by socioeconomic level is evident and the growth rate has only marginally
contracted since 1997 (Tables 3.6 and 3.7).

However, in analyzing per capita consumer surplus, the story is not the
same across the different socioeconomic levels (SELs). There is a clear gain in
welfare for the high and medium SELs (A and B); but for the low and very low
SELs (C and D), consumer welfare began decreasing in 1996, and fell below
pre-privatization levels for SEL D (Table 3.7). This result provides insight into

TABLE 3.6 Total consumer surplus by service type in Peru, 1993-98

Total net benefits to consumers

(US$ millions)
Type of service 1993 1994 1995 1996 1997 1998
Local fixed line telephone service 5.8 87 11.1 14.1 175 179
Domestic long-distance telephone 0.9 1.0 1.3 1.8 2.2 32
service
International long-distance telephone 0.7 0.9 1.1 1.4 1.8 22
service
Total 6.3 105 135 174 215 232
Total less fixed rental fees 6.2 7.7 9.7 112 129 127
Growth rate (percent) — 240 260 150 150 =20

SOURCE: Authors’ estimations.
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why public opinion about privatization worsened over time, especially consider-
ing that the low SEL formed the majority in opinion polls. The primary reason
for the fall in consumer surplus was the increase in the price of the permanent
monthly tariff (Figure 3.5). Not surprisingly, its impact is stronger for lower
socioeconomic levels because a greater proportion of their spending goes to pay
the flat monthly charge. There is also a secondary price impact with local calls
because of the proportionately larger reduction of long-distance tariffs, which
led to substitution of local calls with long-distance calls.

To make things worse, in 1997 the regulator changed the unit of measure
of local calls from three-minute blocks to one-minute units and expanded the
definition of the geographic area; these measures translated as an increase in
the price of local calls, which explains the reduction in the growth of the total

TABLE 3.7 Per capita consumer surplus by socioeconomic level in Peru, 1993-98

Socioeconomic level 1993 1994 1995 1996 1997 1998

High (SEL A) 445 54.7 58.5 63.4 674 62.7
Medium (SEL B) 18.6 19.8 23.8 235 26.6 23.8
Low (SEL C) 7.6 6.8 6.6 9.0 8.2 8.2
Very low (SEL D) 6.0 45 0.5 13 0.9 13

SOURCE: Authors’ estimations.

NoTE: SEL indicates socioeconomic level.

FIGURE 3.5 Index of the basic local tariff in Peru, 1990-2003
(August 1990 = 100)
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source: OSIPTEL (2004).
NOTE: Fixed line teledensity is the number of fixed telephone lines per 100 inhabitants.
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consumer surplus after 1997, In fact, comparing the Peruvian price structure (in
terms of the price of local calls and the fixed monthly fee) with fee structures
in Argentina and Chile—countries that have also been through a privatization
process—it is clear that there is still room for tariff reduction in Peru.

Impact on Rural Consumers

The FITEL strategy has been quite successful. Results began with a pilot project
in the northern border area of Peru (Table 3.8). First, the process generates enough
competition. Six contenders participated in the pilot tender (four or more in the
subsequent schemes). The subsidies requested were much lower than originally
estimated, at 41 percent below the amount estimated by OSIPTEL and 74 percent
below the amount requested by the incumbent operator to provide the service.
By December 2000, a year after the concession (tender) was granted in the pi-
lot area, the project reduced the distance to a payphone by 90 percent on aver-
age for the 144,500 inhabitants.!? This dramaticalty increased telephone access.
For example, in Amazonas, thanks to the project, 90 percent of the population
had access to a phone compared with only 10 percent prior to the project. Pay-
phones were located in local grocery stores and other businesses, with the host
business receiving a share of the revenues. The coverage goals were met by the
deadline, and traffic was higher than expected by OSIPTEL—by 7 percent in
the first six months and by 32 percent in the second six months.

Although there were minor problems with access to prepaid phone cards
and service reliability in the first six months, penalties and corresponding sub-
sidy payment delays encouraged the operator to quickly solve these problems.
According to service surveys, satisfaction grew from 57 percent the first six
months to 75 percent in the following semester, and access to payphone cards
increased from 35 to 50 percent over the same period. After the success of the
pilot project, FITEL initiated the Programa de Proyectos Rurales (Rural Projects
Program [PPR]) with the objective of providing universal access to the rest of
the country. PPR comprised six subprojects covering six Peruvian regions (the
northern, southern, central east, central north, central south, and northern jun-
gle regions),'* for which subsidies totaling slightly more than US$38 million
were committed, benefiting 1.7 million inhabitants directly and 2.2 million
indirectly. These six rural projects involved the installation of public telephones

13. This figure includes inhabitants residing within a 5-kilometer radius of each of the re-
spective towns.

14. Gilat to Home is in charge of five of these subprojects: the northern region project (Ama-
zonas, Cajamarca, and Pjura), the central east region project (Huanuco, Junin, Urna, Pasco, and
Ucayali), the central south region project (Apurimac, Ayacucho, Cusco, Huancavelica, Ica, and
Madre de Dios), the northern jungle region project (Loreto and San Martin), and the southern re-
gion project (Arequipa, Moquegua, Puno, and Tacna). Rural Telecom S.A.C. has the concession for
the sixth region (the central north: Ancash, La Libertad, and Lambayeque). The central south,
northern jungle, and southern regional projects are also referred to as FITEL II; the remaining three
regional projects are referred to as FITEL IIT.
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TABLE 3.8 Pilot project in the northern border area of Peru, 1998-2000

Indicator Amazonas Cajamarca Piura Tumbes Total
Rural towns served 57 54 54 28
Direct beneficiaries (inhabitants 14,769 20,605 15,660 7,838 58,872

of the towns served)

Indirect beneficiaries (inhabitants 24,317 24,754 30,710 5,869 85,650

living within 5 kilometers
of the towns served)

Total beneficiaries 39,086 45,359 46,370 13,707 144,522
Distance to the nearest phone
(kilometers)
Without the project 251.4 26.1 26.1 9.0 —
With the project 6.2 4.9 4.2 3.0 —
Penetration rate (number of fixed
lines per 100 households)
Without the project (percent)? 10 20 16 91 48
With the project (percent)® 90 85 71 99 89

SOURCE: Authors’ estimations.

~Note: SEL indicates socioeconomic level.

2Share of populations in the project area with telephone access.

in 4,227 rural towns. As of 2003, the projects had installed approximately 4,693
rural telephones in 4,618 rural towns (Table 3.9).

In addition, in December 2001, a complementary project (FITEL IV) was
initiated focusing on increasing the number of public telephones in rural towns
with teledensities below 0.002. FITEL IV comprised six components (follow-
ing the regional divisions described above). A total of US$11.4 million was
awarded as a concession for the installation of an additional public telephone
in the 1,616 rural towns selected.!”

FITEL amassed private investments of US$22 per inhabitant through a
subsidy of US$11 per inhabitant, excluding start-up costs of US$1.7 million
and administrative costs of around 2 percent of disbursements, making it quite
efficient. One of the major problems, however, was that despite the project’s
1994 establishment and the accumulation of sufficient funds by 1996, the first
concession was not granted until 1998 because of bureaucratic issues in obtain-
ing the necessary approval from the Vice Ministry of Communications. Simi-
larly, the remaining concessions were not granted until 2000. The need to build
sufficient resources over time is clearly a limitation of this scheme, although
realistically it is probably the only option for cash poor governments in devel-
oping countries. Lack of political will is also a factor in many countries.

15. The subsidies were awarded to the same enterprises as the FITEL II and FITEL HI
projects following the same regional distribution.
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It seems that the process ignores some potential economies of scale that
have recently emerged because one company has acquired concessions from
other companies, with the result that it is now responsible for virtually all of the
bidding areas. Although tariffs are regulated, there could be risk for monopo-
listic practices under these conditions. The fact that local tariff limits are the
same as the tariffs for urban payphones and hence relatively low. It could very
well be that higher tariffs could have expedited the process and introduced more
competition among rural operators in a first phase. No willingness to pay studies
were conducted in rural areas prior to granting the concessions, which would
have been preferable than setting tariffs by guesswork. In fact there was a risk
of setting tariffs below their long-term incremental cost, making the whole
process unsustainable. Further, tariffs set below the costs of provision discour-
age operators from providing the service or from increasing traffic. In this case,
the subsidies need to promote not just access (number of connections) but traf-
fic as well (intensity of use in terms of minutes per public phone). The current
system of subsidies favors access, but consumers primarily benefit from usage.
This reality needs to be incorporated into the concession contract so that the
service provider is encouraged to comply with standards for both connection
and usage. Generating such an incentive system, however, would probably in-
crease the complexity of supervision.

There has been some over-regulation of the process in its initial stages.
OSIPTEL could have limited its supervision to a check of some key indicators
instead of overseeing the private business practices. On the other hand, bench-
marks and performance indicators of the process are too inflexible. Such methods
are more appropriate for a mature network rather than for a start-up operation
(Table 3.9). As in Chile, FITEL should be focusing on the smaller, poorer pop-
ulations and on other services; it should also be considering fast track mecha-
nisms for small towns to expedite telephone access and usage.

Conclusion

By the early 1990s, the Peruvian telecommunication sector, largely as a result
of poor state management, was characterized by low coverage, long waiting
times, outdated technology, poor service, and distorted prices. With privatiza-
tion, the situation was certainly turned around. In terms of service coverage,
service quality, and technology, there has been a dramatic improvement. By
1998, Telefonica del Perti amply met the goals set in its concession contract, by
which time it virtually covered the market for basic telephony. Further, relative
to other utility sectors that have undergone privatization in Peru, telephony as
a sector is the most improved. Despite these positive results, the Peruvian pop-
ulation is still quite unhappy with the privatization process.

The main conclusion of this case study is that, on aggregate, telecommu-
nications privatization improved total consumer welfare in Peru, mainly by
increasing consumer access to the service. However, the correction of tariff
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distortions to reflect their long-term marginal cost—primarily by increasing the
fixed monthly payment and the cost of local calls—negatively affected some
consumers, particularly those of low- and very low-income households. After
1996, and after three periods of constant growth, the growth rate of the per capita
consumer surplus fell. Consequently, clients who had a telephone prior to priva-
tization but had low usage experienced welfare reductions. In addition, changes
in the timing from three-minute increments to one-minute increments, as well
as changes in the local area boundaries also caused local tariffs to increase.

This problem could have been avoided if consumer plans had been intro-
duced to take socioeconomic differences among consumer groups into account.
Households in the lowest income brackets mostly use their telephones to re-
ceive calls; hence the fixed monthly rental is a major burden. In this case, a call-
ing plan with a low fixed monthly tariff and higher charges for local calls would
improve welfare. The opposite is the case for rich households, where the primary
welfare gain is through the intensive use of the telephone and hence their welfare
increases when local and long-distance tariffs are reduced and the fixed monthly
tariff is increased. In either case, the central objective is to maintain tariff equi-
librium to avoid the entrance of inefficient competitors into the market.

By the time limited competition ended in Peru, there was insufficient com-
petition in the sector. The price of long-distance calls was higher in Peru than
in other South American countries. It was clear that, contrary to expectations,
there was no substantial increase in consumer gains from the use of domestic
or international long-distance. The situation was even worse for local calls. Lack
of adequate interconnection fees continues to prevent other companies from
using the incumbent operator’s infrastructure to compete in the local market.
For consumer welfare to improve, this needs to change.

Finally, with respect to rural areas, despite the success of the pilot subsidy
projects carried out under FITEL, results were severely delayed pending the
approval of concession contracts between FITEL and the Vice Ministry of
Communications. Despite initial positive indicators, insufficient information
is available to date to definitively evaluate the impact of these mechanisms on
consumers, or their sustainability over time.

Public—Private Partnership Initiated by Aid: The Case of Laos
Gi-Soon Song

Laos is a low-income, mountainous landlocked country, located in Southeast
Asia. In 2000, per capita annual income averaged about US$330 (World Bank
2004).16 Since 1975 the country has been governed by the Laos People’s Revo-

16. Data and information presented in this case study were drawn from two projects con-
ducted by the ICT research team at the Center for Development Research in Bonn (ZEF); the
projects are “the Rural Telecommunication Assessment Project,” for the German Development Bank
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lutionary Party, under which the economy is managed on the basis of ongoing
five-year plans (the first of which was launched in 1981). Disappointing results
from the first five-year plan led to the 1986 adoption of a “new economic mech-
anism” (NEM) in efforts to spark growth during the second five years. The
mechanism was designed to reduce centralized bureaucratic decisionmaking
and increase the focus on business considerations. Although understated, the
aim was clearly to move to a more market-oriented system. Changes under
NEM appear to have promoted growth in Laos, evidenced by average annual
growth rates of around 7 percent during 1988-98. Despite this growth, how-
ever, skilled labor shortages and lack of transport and communications infra-
structure remained major obstacles to sustained economic growth.

As early as 1983, the Government of Laos considered transport and com-
munications to be primary drivers of economic development; this was reflected
in the second five-year plan. Telecommunications in Laos at that time were
founded on analogue exchanges and shortwave transmission links that had been
installed in the 1950s, so the need for modern infrastructure—both to link re-
mote regions with the rest of the country and the country to the rest of the world
—was recognized as a priority. Several projects were subsequently imple-
mented with multilateral and bilateral donor support,!” and marked improve-
ments in the country’s telecommunications infrastructure resulted. Fixed line
teledensity increased from 0.21 in 1992 to 1.1 in 2002. Despite these improve-
ments, however, teledensity remained far below the 2002 low-income country
average of 2.83 (ITU 2004). Further, the distribution of telecommunications
access was marked by considerable regional imbalance; teledensity was 4.5 in
the largest city, about 1.3 in other urban areas, and only 0.02 in rural areas.

This case study reviews the implications of the evolution of the policy and
market structure for telecommunications service provision in rural areas of
Laos. After an overview of the country’s telecommunications sector compared
with other LDCs of similar levels of economic development, a review of market
structure and related regulatory issues is provided. The Rural Telecommunica-
tions Project, a major initiative to provide the disadvantaged with telecommu-
nications services, is introduced and evaluated in terms of its implications for
sectoral development and institutional arrangements for providing telecommu-
nications services in rural areas where market failure persists.

Laos Telecommunications Sector: Status and Perspectives

Despite reform of state-owned enterprises (SOEs), the government continued
to predominate in many sectors as the regulator and owner-operator. The

(KFW) in 2000, and “ICT for Development: German Contributions,” for the German Agency for
Technical Cooperation (GTZ) in 2001.

17. See Appendix 3B for details of major telecommunications projects supported by bilateral
and multilateral aid.
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TABLE 3.10 Performance of the telecommunications sector in Laos, 1991, 1998,

and 2003

Indicator 1991 1998 2003

Installed fixed telephone lines 7,266 28,472 69,710

Cellular telephone subscriptions 0 6,453 112,275

Total 7,266 34,925 181,985

Waiting time to install a fixed line na 2.1 years 0.7 years®

Installation charge (USS$) 100 90.95 33.11

Average cost of a three-minute local 0.28 0.02 0.06
call (US$)

Fixed line teledensity (number of 0.16 0.57 1.23
fixed lines per 100 inhabitants)

Locations with telephones na 44 69°

(137 (141)

Public telephones 7 230 374

Digitization of the network 12 99 100
(percentage)

Fiber-optic cable (kilometers) 0 0 423¢

Employment by the sector 620 1,075 1,400

source: ITU (2004).

NotTE: The number of districts is shown in parentheses; na indicates that data were not available.
22002 data.

»2001 data.

€2000 data.

telecommunications sector was no exception, with the government playing a
central role in financial, technical, and institutional support of donor organiza-
tions. To secure much-needed investment for network expansion, the government
introduced commercialization and partial privatization from the mid-1980s.
With the end of the monopoly of the incumbent operator, Laos Telecommunica-
tions Company (LTC), in November 2001, Laos’s telecommunications market
became competitive, despite these movements toward liberalization.

Given several development projects, there has been a remarkable improve-
ment in the telecommunications infrastructure (Table 3.10). By December
2003, the total exchange capacity amounted to 69,710 fixed lines, representing a
growth rate of 21 percent per year since 1991. As a result, fixed line teledensity
increased from 0.16 in 1991 to 1.23 in 2003. Including the rapidly growing cel-
lular subscription, which increased by 1,640 percent between 1998 and 2003,
the total (fixed line and cellular) teledensity was 3.2. Laos benefited from the
introduction of digital technology, which replaced analogue technology across
100 percent of the network by 2003 (ITU 2004).
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Despite rapid growth relative to other sectors, telecommunications sector
development in Laos is still below the average for low-income countries (ITU
2004). For example, as of December 2002, total (fixed line and cellular) tele-
density in Laos was far below the low-income country average, at 4.59. In ad-
dition to low network coverage, service quality was also below comparable
international standards. As of September 2000, the average annual fault level
(meaning the number of times a line fails) for the network per 100 lines was
over 85. This is very high compared with the international standard of 30-40
faults per 100 lines. The successful call rate—another quality indicator—was
around 70 percent in 2000. Though this rate is within the world average (65-75
percent), ithad fallen from 90 percent in prior years. This was apparently caused
by bottlenecks because the network was not expanding in line with traffic and
demand growth. With restructuring of the network, productivity (measured as
the number of subscribers per employee) improved from 12 in 1991 to 85 in
2002; however, the country’s telecommunications operator remained less pro-
ductive compared with telecommunications carriers in other developing coun-
tries, where rates averaged 113 subscribers per employee staff at that time (ITU
2003).

The slow growth in the telecommunications sector in Laos is due to supply
constraints rather than weak demand. Telecommunications development in Laos
has not kept pace with the rapidly growing demand accompanying economic
development and openness to the world. As a result, there remains substantial
unmet demand. According to the World Telecommunication Development Re-
port (ITU 2003) there are 5,900 applications for fixed telephone line connec-
tions that have had to be held over through lack of network availability. This
includes both switches and transmission capacity. In order to meet the increas-
ing demand, major breakthroughs in network development are necessary.

Lack of supply is a prominent problem in rural areas. As of 2003 the cap-
ital, Vientiane, had 57 percent of the country’s fixed telephone lines, despite
representing only 8 percent of the population. The need to extend the network
to both rural and remote areas remains a priority. The need for a cheap and re-
liable telecommunications network as a prerequisite for Internet use only in-
creases the importance of network capacity and coverage. While regional tele-
communications infrastructure initiatives and the introduction of competition
into the market are expected to improve the network in the years to come,!8
rura] areas will be continuously underserved or unserved as a result of several
problems. These include the disadvantages of transition economies (weak

18. There have been two development plans for regional fiber-optic networks. The first was
intraregional, the China—Singapore Cable (CSC) project, which was completed in 2001; the sec-
ond is the Greater Mekong Subregion (GMS) telecommunication network project led by the Asian
Development Bank (ADB) and regional governments.
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market institutions and underdeveloped private sector), lack of public financial
resources, low-income levels in rural areas, the absence of universal access
criteria (see the section on Universal Service versus Universal Access, above),
weak regulatory frameworks, possible negative impacts of competition, and
technological advances.

Telecommunications Sector Issues

The Legal and Regulatory Structure. Entreprise d Etat des Postes et Téle-
communications Lao (EPTL) was established under NEM as a public enterprise
to provide postal and telecommunications services in 1986. It marked com-
mercialization of the country’s telecommunications sector, as well as separation
of the regulator from the network operator (EPTL provided the service, while
the Ministry of Construction, Transportation, Postal Services, and Communi-
cations [MCTPC] adopted the role of regulator). As a result, the opportunities
for private-sector participation were expanded. In 1995, EPTL’s postal and
telecommunications functions were separated with the creation of Entreprise
des Télécommunications Lao (ETL) and Entreprise des Postes Lao (EPL), both
as state-owned enterprises. In 1996, the Laos Shinawatra Telecommunications
Company (LSTC) was created under a joint venture between Shinawatra-
Thailand (49 percent) and the Government of Laos through ETL (51 percent).
A vice minister of MCTPC was allocated to each operator’s board in support
of their competing interests. In turn, MCTPC was influenced both by the gov-
ernment and by the operators.!® LSTC was structured on the basis of the 25-
year build—operate—transfer agreement, which expires in 2021.2° As mentioned
in the preceding section, LTC held a monopoly in the telecommunications
market until November 2001.

In August 2000, the government effectively established a second tele-
communications operator by separating ETL, as a state-owned enterprise, from
LTC.?! The new ETL took control of donor-funded assets, including the Fujitsu
switches that constituted the national backbone, the main satellite earth station,

19. A government official from the MCTPC described the relationship between the tele-
communications operators and the ministry as “a family.”

20. LTC had registered capital of US$91 million, of which Shinawatra contributed US$45
million, and the government US46.84 million in the form of state-owned assets. Under the agree-
ment, LTC committed to investing US$100 million in the first 5 years, $100 million in the subse-
quent 5 years, and US$200 million in the remaining 15 years.

21. Prior to the separation, ETL was embedded within LTC, and LTC was often called ETL
without differentiation. The background to the separation of ETL is complex. The government was
disappointed with LTC’s investment commitment, which was delayed as a result of the financial
crisis. In addition, donor agencies were reluctant to leave the assets they funded under the control
of commercial interests. With little domestic resources to mobilize telecommunications infra-
structure development, the government seemingly complied with donor pressure.
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the China-Singapore Cable project (CSC) cable, and several local switches. LTC
and ETL were left to negotiate leasing charges for LTC’s use of ETL assets.
ETL initially received income from leasing and interconnection fees, but in
April 2002, they started fixed line, cellular, and VOIP services. Apparently, ETL
have the right to launch any kind of service and will become the sole competi-
tor to LTC in all services including the Internet in the near future.

The government signed a memorandum of understanding with Millicom
International Cellular (MIC) in 1998, which set the stage for the introduction
of a second Global System for Mobile Communications (GSM) provider. Al-
though this ran counter to LTC’s period of exclusivity, it signaled the govern-
ment’s intention to open the market at the eatrliest possible date. In mid-2000,
MIC gained approval-in-principle from the government to provide nationwide
cellular telephony, eventually entering into a joint agreement to establish cel-
lular service (Laos PDR 2002).

With the introduction of competition, a stronger regulatory body was
needed, leading to the ratification of a new telecommunications law by the
National Assembly in April 2001. The law outlines the rights and responsi-
bilities of MCTPC in areas related to communications (Laos PDR 2001). While
MCTPC is autonomous in overseeing telecommunications service and network
and resource management, the central government maintains a strong influence,
first in terms of policy through its approval of larger development projects and
foreign investments, and, second, in terms of licenses and permissions for
telecommunications service provision and the approval of telecommunications
tariffs and charges, given that telecommunications sector revenues—through
taxes, charges, and dividends—are an important source of government funding.
These two factors may, in fact, negatively influence regulatory activities and
hinder sector development more generally (ADB 1997). Though the new
telecommunications law stipulated the creation of a telecommunications de-
velopment fund, fundraising mechanisms and expenditure allocation have yet
to be determined. Moreover, universal access criteria were not explicitly in-
cluded, leaving it unknown as to whether the fund will focus on the areas of
greatest need.

In addition to government interests, MCTPC’s role as regulator includes
ensuring affordable telecommunications services to the people. To date it has
kept tariffs low by cross-subsidizing local service with international service (as
was seen in the previous case study in this chapter on Peru). An MCTPC vice
minister sits on each of the LTC and ETL boards, supporting MCTPC’s inter-
ests. In this way, MCTPC mediates between the government and the service
operators. Apparently there are plans to restructure MCTPC, but details are not
yet known.

The new telecommunications law also stipulates that both national and
international investors be encouraged to participate in investment in the tele-
communications sector. There remain many obstacles to fair competition,
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however (a dispute between LTC and ETL regarding interconnection fees is one
example). Competition can be allowed in the market through deregulation, but
the proper promotion of competition through effective oversight is still lacking.

The Market Structure. Of the three telecommunications operators in Laos
as 0f 2002, LTC has an advantage as the former monopolist and established in-
cumbent carrier in the market. However, LTC’s failure to meet growing demand
and mobilize promised investment for telecommunications development offer
opportunities for the new operators to substantially erode its market share.

The government introduced partial privatization with the formation of
LSTC (later LTC), against the recommendations of ITU. According to the ini-
tial joint agreement, the Government of Laos held a 30 percent of the share of
the company, while Shinawatra held 70 percent. With the evolution of LTC, the
agreement was amended, increasing the government’s share to 51 percent on
the basis of the 25-year “build-operate—transfer” agreement until 2021. LTC
was also granted monopoly status for five years (until November 2001), during
which time it offered fixed and cellular telephone service, paging (Lao Link),
Internet service (Lao Internet), text transmission (telex, fax), and shortwave
radio communication services.

With its introduction as a separate entity, ETL retained its aid-funded as-
sets, including Fujitsu switches that constituted the backbone of the sector, the
main satellite earth station, China—Singapore cable, and several local switches.
As of 2002, LTC and ETL were negotiating leasing charges for LTC’s use of
ETL’s infrastructure,?? and ETL was planning to commence its own fixed line
and cellular service. To maintain its services, LTC should pay leasing fees for the
network components, such as international gateways, as well as interconnection
fees. Competition with ETL presents challenges to LTC, especially if ETL can
provide cheaper and better quality services to subscribers while charging LTC
high interconnection charges. This could decrease LTC’s profit margin and
discourage it from investing in rural areas. In addition, a recent surge in voice
over Internet protocol (VOIP) services among small illegal service sellers has
squeezed fixed line revenue, especially from international calls. This may af-
fect the ability and willingness of the operators to invest in network expansion,
but as of 2002 no action had been taken to enforce related laws.?3

22. Of 60 switches, including those planned as of 2001/02, 24 belong to LTC, though most
are in rural areas installed through the Rural Telecommunications (Rurtel) project (discussed
below). Regardless, traffic from LTC switches needs to be routed through the main and secondary
level switches owned by ETL.

23. While new technologies may greatly benefit users by providing better service, they may
also hinder healthy development of the sector as opposed to allowing leapfrogging (shared leamn-
ing) in the absence of clear understanding of technologies and their impact, well-defined laws, and
measures to enforce the laws. According to the new telecommunications law, any activities related
to communications require MCPTC approval, but as of October 2001 no measures had been taken to
enforce this requirement.
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Initiative to Connect the Disadvantaged: Rural Telecommunications Project

Given its status as a transition economy, Laos does not have fully developed
market institutions and its private sector is not strong enough to invest in the
development of the network to the degree necessary. While foreign investment
played an important role in privatization and the introduction of competition,
Laos’s telecommunications sector could be considered less attractive to foreign
investors compared with other developing countries because of its generally
weak economy, small market, and the danger of government expropriation.
Lack of investment results in market failure, especially in rural areas. As in other
developing countries, a large proportion of the rural population is poor and
served with rudimentary infrastructure only. In addition, mountainous topogra-
phy and thinly distributed population make it very costly to provide services to
rural areas. Hence, as in other developing countries, public-sector intervention
is necessary in the provision of basic services to the rural population.

To mitigate the regional imbalance in access to telecommunications ser-
vices and to assist the rural livelihoods, the German Development Bank (KFW)
began providing the Government of Laos with funding in 1992. As of 1994,
KFW had provided DEM 44.6 million (approximately US$8.9 million) in aid
to LTC as a non-interest-bearing loan for 30 years in support of the Rural
Telecommunications (Rurtel) project. From the perspective of the donor and the
government (based on profit before tax), the financial internal rate of return
(FIRR) was 5.62 percent. The fund was given to LTC as an interest-free loan of
12 years’ duration, including a two-year grace period. The loan must be repaid
in the local currency (kip) in equal annual installments at the official exchange
rate of the date of signing the agreement. This is advantageous to LTC because
the kip has been depreciated many times and capital goods have to be imported
in U.S. dollar prices.

The Rurtel project has provided basic telecommunications services, such
as voice telephony and text transmission using a digital radio concentrator
system (DRCS or D-MAS) that connects different levels of stations via radio
waves. As of October 2001, phase 4 of the project was in the implementation
stage, and 53 percent of 128 rural districts had been connected to service
through Rurtel. The systems are installed in rural district capitals that serve as
administrative, social, and economic centers. Each station receives a system of
24 to 48 fixed telephone lines, which are distributed among administrative,
business, and private users leaving one or two lines for public use.?* Phase 5
was to be completed by 2004, by which time 73 percent of rural districts were
to be connected, although to date, results are still unavailable.

24. Until Phase III, 11 percent of the installed telephones were public payphones and the
remainder were allocated to businesses (61 percent), “government” (25 percent), and private sub-
scribers (3 percent).



108 Maximo Torero and Joachim von Braun

BOX 3.1 Incentives for private-sector participation in rural areas

There are several ways of creating incentives for private-sector participation (in-
cluding foreign investment) in the provision of telecommunications services in
rural areas. Offering subsidies through competitive bidding has been successful
in Chile, Peru, and Thailand. Active NGO involvement can reduce the risk to the
operator, which worked as a great incentive for Grameen Phone in Bangladesh.
In a situation where the government does not have resources to provide a subsidy
and the NGO option is not available, rationalizing the tariff structure for rural
telecommunications service may provide incentives. Currently, the tariff is regu-
lated by the government, which is concerned about exclusion effect of higher
tariffs in the telecommunication market. Cross-subsidizing domestic service with
international service has also been used to keep the domestic tariff at quite low
levels.

Service providers require government approval to raise tariffs, and any tar-
iff increase should be introduced gradually over several months. As shown in
other studies, rural residents and poor people are willing to pay more than the
prevailing service charges of urban areas (Chowdhury 2002a). A study on rural
telecommunications in Laos also revealed that rural residents are willing to pay
much higher rates than the actual service charge (Song 2003). Hence, allowing
service providers to charge rates that reflect the cost of service provision, thereby
profiting, would actually encourage private participation in expanding rural
markets at affordable prices.

As of 2001, the installed facilities had been used extensively and revenues
were twice as high as projected. From the supply side, this high revenue per
telephone line indicates cost-effective operation of the system; from the de-
mand side, it suggests that demand for telecommunications service is much
higher than was expected. According to an impact assessment study of the Rur-
tel project conducted by the Center for Development Research (ZEF) in Bonn
in 2000 (see Chapters 4 and 5 of this volume), access to telecommunications
service has positive and tangible benefits for users. In addition, not only has the
Rurtel project been profitable for LTC, it has contributed to other aspects of
telecommunications development in rural areas. The presence of rural telephony
has triggered further demand for telephone service. According to the ZEF sur-
vey, in communities without telephone service, only 29 percent of interviewees
wanted a telephone, while in communities with telephone service, 54 percent
of interviewees wanted a phone. Higher-capacity switches were planned to be
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installed in some project areas to replace existing systems, so the older systems
were to be relocated to districts without service. In this way, the Rurtel project
was encouraging local demand and helping ICT to appraise the rural demand
for service.

Conclusion

As a developing country, Laos has a broad development agenda and limited
resources. While public-sector intervention is inevitable to serve the rural pop-
ulation, raising the necessary funds for the development of infrastructure is a
widespread challenge, as discussed elsewhere in this volume. Laos has a rela-
tively short telecommunications history. Like comparable sectors in other de-
veloping countries, telecommunications has developed quickly in Laos and it
has been difficult to establish and maintain the appropriate regulatory and legal
frameworks for further development. At the same time, lack of a strong private
sector, low levels of sector-specific foreign investment, and problems in service
deployment led to market failures in rural areas.

Laos began moving toward privatizing its telecommunications sector in
the mid-1980s, opening the market to competition in 2001. It has, however,
maintained strong interest in the sector through joint ventures with all three
of the existing operators—the first being state owned (ETL), the second being
51 percent state owned (LTC), and the third (Millicom) being privately owned
but operating through a joint venture with the Government of Laos since Janu-
ary 2002. The government also acts as the regulating body through MCTPC (the
relevant ministry), although to date there has been a lack of enforcement of
stipulated regulations.

The Rurtel project, funded by the German Development Bank, is a suc-
cessful example of a public—private partnership for the provision of rural
telecommunications services. Not only has the Rurtel project enabled a semi-
private operator to undertake much needed expansion of service into rural areas,
where private operations would likely be unprofitable and highly risky, the in-
troduction of telecommunications services has actually encouraged demand,
increasing the profitability and attractiveness of the rural market to private en-
terprises. The Rurtel project also contributed to institutional development in
Laos, given that the recipient of the project funding, LTC, is a semi-private,
semi-public entity.

Anticipating future sector development, the Government of Laos included
provision for a telecommunications development fund within its recently en-
acted telecommunications law, though how such funds will be raised and how
they might be allocated has yet to be determined. The success of the Rurtel
project may offer valuable insights in this regard.

As reflected in market trend of liberalization, government intervention
should be removed in the longer term with the development of private-sector
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involvement and effective regulation. Less attractive telecommunications mar-
kets, however, will continue to depend on government intervention, and in the
absence of appropriate incentives for private-sector input, foreign aid will con-
tinue to be crucial.

Leadership from Nongovernmental Organizations:
The Case of Bangladesh
Shyamal K. Chowdhury and Abdul Bayes

This case study reviews the state of ICT in Bangladesh, focusing on access,
availability, and the evolution of the sector. Rather than looking at total service
access, the study reviews both rural and urban household access, emphasizing
service provision for poor constituents. With the worldwide expansion of ICT
infrastructure in the 1990s, it is appropriate to first compare the ICT situation
in Bangladesh with the situations in comparable developing countries and re-
gions. We also review the institutional arrangements and market and regulatory
structure prevalent in Bangladesh as a means of gaining insight into the current
state of ICT development.

In terms of rural household access, the study reviews the village payphone
(VPP) program undertaken by the Grameen Bank in cooperation with Grameen
Phone. Since the prevalence of poverty in Bangladesh is predominantly a rural
phenomenon, the review of the VPP project offers insights into the potential
benefits to poor households of access to and the use of ICT.

ICT Development in Bangladesh to Date

Given the dependence on data availability, the indicators reviewed in this sec-
tion include fixed and cellular telephony, Internet hosts and users, and owner-
ship of personal computers (PCs). Table 3.11 provides some basic indicators
for the fixed telecommunications sector in Bangladesh. Four years, 1990, 1996,
1999, and 2003, were chosen to illustrate the state of telecommunications under
different market regimes: pure state monopoly, market intervention in the rural
market, and liberalization of cellular telephony. It should be noted, however,
that despite these interventions, fixed telephony in Bangladesh has remained
primarily state owned under a monopoly market structure.

The level of network development in the fixed telephony in Bangladesh
has remained very low. In 1990, there was only one telephone for every 454 in-
habitants (teledensity of 0.22, Table 3.11). Despite changes in the sector, the
situation had improved only marginally by 2003, with fixed line teledensity at
a mere 0.55. As in other developing countries, these low levels are not the re-
sult of lack of effective demand. Despite a high connection charge—which has
always remained higher than the per capita GDP—the waiting list for fixed tele-
phone lines increased over time and, as of 2003, was around 21 percent of the
existing supply (that is, the fixed lines in operation).
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TABLE 3.11 Basic indicators of fixed telephony in Bangladesh, 1990, 1996, 1999, and 2003

Cellular
State Rural sector  telephone
monopoly liberalization liberalization
Indicators 1990 1996 1999 2003
Fixed line teledensity (fixed lines 022 0.26 0.34 0.55
per 100 inhabitants)
Fixed line penetration (approximate 129 1.47 1.8 na
number of fixed lines per
100 households)
Waiting list for fixed telephone lines 113,656 145,854 172,096 153,100
Cost of a three-minute local call (US$) 0.04 0.04 0.03 0.03
Residential telephone connection 298 246 375 171.97
charge (USS)
Business telephone connection 298 246 375 171.97
charge (US$)
Residential monthly telephone 4.33 3.58 3.05 2.58
subscription (USS)
Business telephone monthly 433 3.58 3.05 2.58
subscription (US$)
Digitization of the fixed line 11 40 62 95
network (percentage)
Telephone faults per 100 fixed lines 91.08 na 17.32 na

sources: I1TU (2004); BTTB (2004).
NOTE: na indicates that data were not available.

Bangladesh entered into the era of cellular telecommunications in 1989
with the private monopoly operator Pacific Bangladesh Telecom Limited (PBTL
or “City Cell”). The sector opened to competition in 1996 when the regulatory
authority allocated nationwide cellular service licenses to three new operators.
After seven years of competition, cellular penetration (approximate number of
cellular telephone subscribers per 100 households) grew from 0.002 in 1995
to 1.01 in 2003 (Table 3.12); despite this explosive growth, however, the new
network remained biased toward urban areas. With the exception of Grameen
Phone, which expanded its coverage from 61 to 64 districts and 320 to 470 up-
azillas (subdistricts), plans to quickly expand coverage across the entire coun-
try were in place as of 2003 (Table 3.12).

Table 3.13 shows the basic indicators of the information sector for the
period 1997-2003. The availability of off-line email access to limited users in
Bangladesh’s capital city began in 1993. On-line service users, however, had to
wait until 1996, when the state monopoly operator, the Bangladesh Telegraph
and Telephone Board (BTTB), commissioned the installation of a very small
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TABLE 3.12 Development of cellular telephony under different regulatory structures
in Bangladesh, 1995, 1999, and 2003

Private
monopoly Competition

Indicators 1995 1999 2003
Connection charge (US$) 868.96 30.55 9.89
Monthly subscription (US$) 49.65 10.19 0.00
Cost of a three-minute peak local call (US$) 0.52 0.32 0.31
Cellular penetration rate (approximate 0.002 0.12 1.01

number of cellular phone subscribers per

100 households)

SoURCES: Compiled by authors from ITU (2004) and additional data from various cellular tele-
communications providers.

aperture terminal (VSAT)?® enabling two private providers to commence VSAT-
based Internet services. Prior to this, dial-up links were used to communicate
with an overseas email server, requiring international phone calls and uploading/
downloading of email messages through unix to unix copy protocols (UUCPs).
With the introduction of VSAT, the ease of access to the Internet increased ex-
ponentially on the basis of direct transmission. In 1997, the Internet penetration
rate was a miniscule 0.0008-—one Internet user for every 125,000 inhabitants;
by 2003, this rate had increased to 0.1798, or one Internet user for every 556
inhabitants. Despite this surge in use, however, low PC numbers inhibit the
potential growth of Internet use to less than 4 percent of the population.

Looking at ICT development in Bangladesh within the context of the
Asian region—analyzed in terms of telephony, Internet use, and PC ownership—
Bangladesh fares poorly. While there is a high correlation between a country’s
per capita GDP and its teledensity (in both U.S. dollars and purchasing power
parity [PPPY), compared with five neighboring countries of similar development
levels, as of 2002/03, Bangladesh had fallen behind. The country should have
had a minimum 2002 fixed line teledensity of 2.2,2¢ whereas in reality it was
only 0.6 (Table 3.14). The picture is similar for Internet and PC availability in
2003 (Table 3.15). While the availability of these technologies is low in all six
countries by world standards, it is lowest in Bangladesh.

Given the statistics presented above, it should not be surprising that Ban-
gladesh falls behind world averages in ICT development. By way of perspec-
tive, more than 75 percent of the world’s Internet users live in the high-income
countries of the Organisation for Economic Co-operation and Development
(OECD), which represent less than 25 percent of the world’s population (see

25. VSAT is a small station designed to carry voice, data, and video communication.
26. Regional average derived from the relationship between fixed lines and per capita GDP.
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UNDP 2001, 40, for more details). Table 3.16 presents data on the ICT avail-
ability, comparing data for Bangladesh with averages for low- and high-income
countries, as defined by the World Bank, and for the world.

The Legal and Regulatory Framework

It would appear from the above data that a country’s income level is not the only
factor affecting the development, and ultimately the stock, of ICT. This section
reviews the legal and regulatory framework underpinning Bangladesh’s tele-
communications sector in an effort to shed light on other factors hindering
development.

TABLE 3.13 Information technology indicators in Bangladesh, 1997-2003

Indicators 1997 1998 1999 2003
Estimated number of Internet users 1,000 5,000 50,000 243,000
Number of PCs 30,000 120,000 130,000 1,050,000
Internet penetration rate 0.0008 0.004 0.04 0.18
(number of Internet users per
100 households)
PC penetration rates 0.12 0.52 0.54 4.03

(approximate number of PCs
per 100 households)

SOURCES: Compiled by authors from ITU (2004) and additional data from various cellular telecommunica-
tions providers.

nNotE: PC indicates personal computer.

TABLE 3.14 Access to fixed line telephony in Bangladesh and five other Asian
countries, 2002

Cost of a three-

Fixed line minute local call per capita GDP
Country teledensity (US$) (PPP) (US$) (PPP)
Bangladesh 0.51 0.03 0.14 352 1,700
Bhutan 2.84 0.02 na 734 na
India 3.98 0.02 0.11 494 2,670
Nepal 1.41 0.01 0.06 237 1,370
Pakistan 2.50 0.02 0.09 428 1,940
Sri Lanka 4.66 0.03 0.13 863 3,570

sources: ITU (2004) and World Bank (2004).

noTEs: Teledensity is the number of fixed lines per 100 inhabitants; GDP indicates gross do-
mestic product; na indicates that data were unavailable. PPP indicates purchasing power parity, an
index used to reflect the purchasing power of currencies by comparing prices among a broader range
of goods and services than conventional exchange rates.
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Legal and Regulatory Structure. The ICT sector in Bangladesh is regulated
by the Ministry of Postal Services and Telecommunications (MOPT). The pri-
mary legislation that governs the sector is the Telegraph Act of 1885, which con-
fers exclusive power over the provision of telecommunications services and
products to the national government. The Bangladesh Telegraph and Telephone
Board Ordinance of 1979 provides BTTB with monopoly rights and powers to
issue licenses for telecommunications and wireless services, though some of
BTTB’s rights—including exclusivity in providing telegraph service and in grant-
ing licenses—were cut back by a 1995 amendment, which also transferred the
regulatory authority from BTTB to MOPT.

Despite this one amendment, laws regulating the ICT sector in Bangladesh
have not been appropriately amended with introduction of modern technology

TABLE 3.15 Access to fixed line telephony, the Internet, and personal computers in
Bangladesh and five other Asian countries, 2003

Number of Internet

Fixed line hosts per 10,000 PC
Country teledensity inhabitants density
Bangladesh 0.55 0.0 0.34
Bhutan 3.43 134 1.45
India 4.63 0.8 0.72
Nepal 1.57 0.4 0.37
Pakistan 2.66 1.0 0.42
Sri Lanka 4.90 1.0 1.32

sOUrcE: ITU (2004).

NoTE: Teledensity/density is the number of units (fixed lines or personal computers as indicated)
per 100 inhabitants. Data on PCs (personal computers) are for 2002.

TABLE 3.16 ICT levels in Bangladesh compared with low- and high-income country
averages and world averages, 2003

Low-income High-income
Indicators countries® countries® World Bangladesh
Fixed line teledensity 2.83 58.54 17.90 0.51
Cellular teledensity 1.75 66.39 19.07 0.81
Internet density 1.33 44.53 1022 0.15
PC density 0.72 46.68 991 0.34

SoUrCES: ITU (2004) and World Bank (2004).

~Note: Teledensity/density is the number of units (fixed telephone lines, cellular phone subscribers,
Internet users, or personal computers [PCs] as indicated) per 100 inhabitants.

2Based on the World Bank’s definition.
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TABLE 3.17 Summary of the ICT market in Bangladesh, 2003

Number of

Services Market structure licensed operators Ownership
Fixed line telephony

Urban Monopoly 1 State

Rural Partially liberalized® 2 Private
Payphones

Urban Monopoly 1 State

Rural Duopoly 2 Private
Cellular telephony Oligopoly 4 Private
Internet access Open competition 50 State and private
International PSTN  Monopoly 1 State
Radio paging Monopoly 1 Private
Telegraph Monopoly 1 State

SOURCE: BTTB (2004).
NotE: PSTN, Public switched telephone network.

3Two licenses had been granted by the government as of 2003, one for the southern region and one
for the northern region.

over time, leaving many regulations redundant and many new facets of the
sector overlooked.

New legislation was finally introduced in the form of the Bangladesh Tele-
communication Act of 2001, leading to the establishment of the Bangladesh
Telecommunication Regulatory Commission (BTRC). The BRTC promptly rec-
ommended that BTTB be made a semi-autonomous (though still state owned)
corporation to increase both the transparency and accountability of its operations
(though as of 2003 this had not been acted on). The commission has reportedly
also initiated rationalization of cellular telephone pricing on services provided
by four companies. Another move by the BTRC is to examine proposals to
legalize VOIP and Internet telephony as a means of increasing service and
revenues.

Limited Market Structure. The telecommunications sector has only under-
gone partial liberalization (Table 3.17). The urban fixed telephony market—by
far the largest—remains under state ownership. In contrast to fixed telephony,
the cellular telephony sector was liberalized in 1998, enabling a total of 4 pri-
vate operators to enter the market, based on the number of concessions granted
by the government. Open competition in the provision of Internet services was
introduced in 2002; consequently the sector has by far the largest number of
private operators (at 30).

Under state ownership, the telecommunications sector had remained at
only 0.3 percent of GDP,; after partial liberalization of the rural telecommuni-
cations sector in 1989 the sector rose to 0.6 percent of GDP in 1990, and after
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FIGURE 3.6 Development of the telecommunications sector in Bangladesh,
1983-2002
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the introduction of cellular service in 1996 the sector represented 0.9 percent
of GDP. Although it should not be overlooked that a GDP share of under 1 per-
cent is still extremely small, little improvement had been achieved by 2002
(Figure 3.6).

In addition to the limited supply of fixed telephony in Bangladesh, under
state ownership a highly distorted tariff structure exists and remains, despite
partial liberalization. BTTB’s local tariff is heavily subsidized; while local calls
cost BTTB US$0.032 (Tk 1.59) per minute, it charges US$0.03 (Tk 1.7) per
call irrespective of call duration (Grameen Phone 1999). In terms of quality, the
fixed telephony network has undergone some improvement since 1990—for
example the percentage of digital lines reached to 95 percent in 2003, up from
11 percent in 1990—but problems remain. The fault rate was still very high, at
465 faults per 100 main lines per year (JBIC 2002), complaints totaled more
than 50 per 100 lines (World Bank and BCAS 1998), and the percentage of
unsuccessful local calls was around 70 percent (JBIC 2002).

With liberalization of the cellular telephony market and the introduction
of competition, foreign private investment in the sector became possible, re-
sulting in rapid network expansion, reduced tariffs and charges, and improved
service quality. In 1992 there were only 250 cellular telephone subscribers;
numbers reached 1,365,000 by the end of 2003, representing growth of more
than 500,000 percent. This unprecedented growth was matched by an equal
drop in connection charges. Under the private monopoly, the connection fee for
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cellular service was US$869; this charge had been cut to US$9.89 by 2003 un-
der the competitive market, a drop of 96 percent. This was accompanied by the
abolition of monthly subscription charges and a more than 40 percent reduction
in local call tariffs over the same period. The explosive growth of cellular te-
lephony was understandably fueled by the scarcity of fixed telephony, market
liberalization, and competition. But because the need for interconnection be-
tween the cellular and fixed networks remains, limitations in the growth of
fixed telephony ultimately limit the growth of cellular telephony as well. In fact,
difficulties with fixed telephony interconnection have led to the creation of par-
allel fixed and cellular networks.

In terms of Internet access, the market was opened to competition in
1996, as already mentioned. As of 2003, there were about 30 private Internet
service providers (ISPs), although about 80 percent of them were located in
Dhaka. Only three were operating in Sylhet, three in Chittagong, and one each
in Rajshahi, Khulna, and Bogra. Apart from private ISPs, BTTB also operates
an Internet service, primarily for government entities (see Management Con-
sulting Group 2001).

The poor levels of ICT development prevailing in Bangladesh are primarily
a result of government’s regulatory policy and the associated market structure
in place. While countries of similar income levels have introduced privatization,
allowing competition and private foreign investment, Bangladesh has main-
tained a protectionist approach to the sector. It is evident that liberalization and
competition in both cellular telephony and Internet service provision have pro-
vided tangible benefits to consumers by increasing the availability and quality
of services and by lowering the prices of such services. Liberalization also
benefited the government by attracting foreign investment in the sector and by
increasing the tax revenues it generates.

Rural Telecommunications and the Village Payphone Program. Unlike the
urban fixed telephony market, rural fixed telephony was partially liberalized as
early as 1989. The authorities divided into northern and southern regions and
granted licenses to two private operators for monopolistic operations. Of 464
upazillas—the smallest (village-level) administrative unit in Bangladesh—
Bangladesh Rural Telecom Authority (BRTA) was granted a 25-year license to
operate in 200 upazillas in the northern region, and Sheba Telecom was granted
a comparable license to operate in the 199 upazillas of the southern region.
BTTB continued to operate in the remaining 65 upazillas. Table 3.18 shows the
state of rural telephony under public monopoly and limited competition. With
this partial privatization, rural telecommunications remained underprovided in
terms of both relative share and absolute performance. In 1980, rural fixed tele-
density was 0.015. Eight years later, that number had only increased to 0.039—
one telephone per 2,546 rural inhabitants. Over the same period, 198098, urban
fixed teledensity had risen from 0.68 to 1.735—still low, but significantly higher
than the rural levels. So despite privatization, the rural share of fixed lines still



118 Maximo Torero and Joachim von Braun

TABLE 3.18 Rural telecommunications in Bangladesh before and after liberalization,
1980 and 1998

Public monopoly Oligopoly
Indicators 1980 1998
Total number of rural fixed telephone lines 26,683 38,534
Rural share of fixed telephone lines 10.50 8.90
Rural fixed teledensity 0.03 0.04

SOURCE: Personal communications with telecommunications firm.
NoTE: Rural fixed teledensity is the number of fixed telephone lines per 100 rural inhabitants.

declined over this time. In addition, within the rural areas, coverage was biased
toward (urbanized) town centers. Rural settlements, particularly villages, are still
effectively without telecommunications service.

In a country averaging approximately US$300 in per capita income, a
US$375 connection fee for a fixed private telephone limits customers largely to
wealthy, usually urban inhabitants. Under such conditions, public telephones
are extremely important for the rest of the population. Contrary to the expecta-
tion, however, the total number of public telephones in 1991 was 1,812, in-
creasing to only 2,064 by 1999. In relative terms, astonishingly, this translates
as fewer than one public telephone per 60,000 inhabitants. To address the ex-
treme lack of access to telecommunications in rural areas, the Grameen Bank
and Grameen Phone initiated a joint project: the village payphone (VPP) pro-
gram. Under the project—which is managed by the Grameen Bank through
its wholly owned subsidiary, Grameen Telecom (GTC)—Grameen Phone of-
fers discounted access to the network. In addition, the bank allows female bor-
rowers in its credit program to become the owner-operators of cellular phones.
GTC provides the phones to these borrowers, who purchase phones under a
lease program and then make them available to other villagers. In this way, each
owner-operator under the program acts like a public call office (PCO), reselling
phone calls, providing message services, and allowing others to receive in-
coming calls. Between its inception in 1998 and December 2003, the program
had drawn more than 45,000 subscribers (owner/operators) to the telecommu-
nications network, from over 68,000 of Bangladesh’s villages. As 0f2004, GTC
had plans to introduce other products/services, such as facsimile and email
services to the VPP program.

The VPP program is considered a best practice in rural telecommunica-
tions provision. The project ensures positive producer surplus for the providers
(the VPP operators, the Grameen Bank, and Grameen Phone), and the program
also complies with the country’s universal service restrictions (although it is
required to). First, there is no price discrimination between urban and rural users;
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second, the program is eventually expected to connect all of the country’s rural
settlements; and third, the program maintains—at least to a certain extent—
comparable service quality among rural and urban users. In addition, the project
does not distort the market, nor does it require any explicit government subsidy
or cross-subsidy between urban and rural operations.?”

It has been found in the case of Bangladesh that the availability of a pub-
lic telephone in a settlement increases a household’s telephone use, and the dif-
ference in a household’s telephone use between a settlement with and one
without a public telephone is significant. (See Chowdhury 2002a for empirical
evidence.) To examine whether the availability of public telephones in villages
through the VPP program had increased telephone use among poor rural house-
holds, user households under the program were divided into two income groups
based on caloric intake per day. Households with a per capita caloric intake
equal to or below 2,122 calories per day were classified as poor, while those
with a per capita intake higher than 2,122 calories per day were classified as
nonpoor. On this basis, 15 percent of the VPP user households fell into the poor
category, and the remaining 85 percent fell into the nonpoor category. In terms
of the numbers of phone call made, however, the poor category was responsible
for 21.5 percent of all calls made (Bayes, von Braun, and Akhter 1999). The use
of VPP by rural households ensures consumer surplus to the users because it
saves both direct costs, such as the cost of traditional alternatives to the tele-
phone, and indirect costs, such as the travel expenses and the opportunity cost
of the traveling time (Table 3.19). In 1998, participants of the VPP program re-
ceived net benefits equivalent to US$1.17 per call. Further, the benefits to poor
users (US$1.66 per call) were higher than the benefits to nonpoor users (US$1.08
per call). By 2001, although benefits had decreased, the magnitude of change
was virtually negligible, indicating that rural telephony remained a cheaper
means of communication for the rural households.

In terms of saving, the net benefits to VPP user household represent 2.3
percent of the rural household expenditure, and as much as 3.4-4.5 percent of
the poor rural household expenditure. These benefits represent an absolute wel-
fare gain and an improvement in the relative welfare of poor versus nonpoor
households.

Conclusion

The most telling outcome of this study is Bangladesh’s low level of ICT de-
velopment as indicated by fixed and cellular telephony, Internet access, and
PC ownership. As in other developing countries, ICT provision is particularly

27. See Chowdhury (2002b) for details of the incentive and operating mechanisms employed
under the VPP program.
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TABLE 3.19 Consumer surplus to user households per call under the village
payphone program, Bangladesh, 2001

Consumer surplus per

cellular phone call (US$)
Economic category 1998 2001
Poor (15 percent of the sample) 1.66 1.43
Nonpoor (85 percent of the sample) 1.08 1.10
Sample total 1.17 1.16

SOURCES: Primary surveys, 1998 (see Bayes 2001) and 2001 (see Bayes, von Braun, and Akhter
1999).

NOTE: Survey households were further divided according to whether or not their village had a vil-
lage payphone (VPP) program phone. Though all households benefit by using phones provided
through the program, those from villages without VPP service receive higher benefits per call. This
apparent contradiction may arise because villages participating in the VPP program offer more
alternatives to telephone use than villages without VPP service; similarly, villages without VPP
service may be located in more remote rural areas, making the costs of alternatives to telephone use
comparatively more expensive.

inadequate in rural areas. Recent positive developments, however, include
competition in the cellular telephony and Internet markets, resulting in growth
of cellular phone and Internet use, and success of an innovative rural program
to increase the accessibility of telephones in rural areas.

Bangladesh is one of the few countries to maintain a state monopoly in ur-
ban fixed telephony (ongoing as of 2003). As a result, both teledensity and tele-
phone penetration have remained at much lower levels than in neighboring
countries, such that in 2002/03, Bangladesh had the lowest stock of ICT (in the
form of the four indicators used in this study) relative to five comparable Asian
neighbors. Further, Bangladesh’s network of fixed telephony did not compare
well with other countries in terms of service quality, as indicated by the per-
centage of digitalization and the call completion rate. As a result of limited sec-
tor reform, pricing was also high in terms of connection charges, and the tariff
structure remained distorted.

Competition in the provision of cellular telephony and Internet services
has facilitated rationalization of tariff structure, improved service quality, and
expanded the network. Ongoing dependence on interconnection between the
state-owned fixed network and privately owned cellular network has con-
strained growth in cellular telephony, however, and promoted the development
of two parallel networks. In terms of the Internet, given fixed telephony is a pre-
requisite to access, Internet expansion has also been hindered.

While competition has facilitated growth in cellular telephony, a compet-
itive market structure is not conducive to service provision in rural areas, as has
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been discussed elsewhere in this chapter. To this end, and in the absence of gov-
ernment intervention, the VPP program, initiated by the Grameen Bank and
Grameen Phone, has offered an innovative alternative in the rural areas of Ban-
gladesh since 1998. The program offers a win—win—win solution for the bank,
program subscribers (female participants of the bank’s credit program who
lease cellular phones and onsell services to within their villages), and VPP users
who gain access to telephone services at rates that are cheaper than the alter-
native existing form of communication. In this way, the VPP program ensures
an absolute welfare gain as well as an improved relative welfare gain to poor
households in the rural areas of Bangladesh.

Competition without Privatization: The Case of China
Wensheng Wang

Economic reform in the telecommunication sector compared with other sectors
in China is unique. Not surprisingly, despite worldwide trends toward privati-
zation and competition, China’s telecommunications sector remains state owned;
competition does exist, however, in major service areas. Despite the reported
shortcomings of state-owned monopolies (such as were described in the previ-
ous case study on Bangladesh), China’s telecommunication sector grew during
1990-2003 at annual rates of 30-50 percent.?® By December 2003, China’s
total teledensity had reached 42.0 (Figure 3.7). In fact, China now has the largest
fixed line, public, and cellular telephone market in the world.

Internet access has grown even faster than telephone penetration. The Chi-
nese government invested heavily in a number of backbone networks and in the
PC-manufacturing industry for about 10 years, with the result that networked
computer and Internet applications have spread at an unprecedented pace nation-
wide. By December 2003, the number of Internet subscribers and users reached
68 and 80 million respectively (ITU 2004), placing China as the second-largest
Internet user in the world (behind the United States), although if the trend con-
tinues, China could become the largest user nation by 2010.

The fast development of China’s telecommunications sector is in large part
the result of a unique reform process, dubbed “competition without privatiza-
tion.” Changes were deeply rooted in an integrated strategy of national eco-
nomic reform, best explained as a socialist market economy—meaning the
use of market forces to improve the production efficiency, while retaining a
managed, predominantly state-owned economy with authoritarian control over
political activity. The intention of the Chinese government was to achieve “an
economic system that integrates the basic system of socialism with the market

28. The population growth rate over this time averaged about [ percent, and the GDP growth
rate averaged about 11 percent (World Bank 2004).
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FIGURE 3.7 The development of fixed line and cellular telephony in China,
1990-2003
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economy in an organic way whereby, under macro-regulation and control by
the state, the market mechanism plays a fundamental role in the disposition of
resources and a high degree of balance between efficiency and fairness™ (Mueller
1997, 1).

This case study introduces the current state of China’s telecommunication
sector, focusing on the difficult and complex reform process and highlighting
China’s DOT force policy, which is an attempt to address, and ultimately bridge,
the digital divide.

The Current Development of China's Telecommunications

The Digital Divide among Nations. As the largest developing country in
the world, China faces the daunting challenges of the technological imbalance
between the developed and the developing world known as the digital divide.
Even with the progress in ICT development that China has achieved, the sta-
tistics are remarkable. By 2002, the United States had 190 million computers,
representing an average availability ratio of one computer to fewer than two
people. With 35.6 million computers in 2002, Germany had an average com-
puter availability ratio of one computer to fewer than 3 people. In contrast,
China has 35.5 million computer, 1 for every 37 inhabitants (ITU 2004).

The Digital Divide across Regions. Biases also exist in the development
of ICT across China. Traditionally, regional divisions have stemmed from
topography—marked by the plains of the east, the hills of the central region,
and the mountains of the west; population density—which is highest in the east
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FIGURE 3.8 The distribution of Internet users in China across regions, 2002
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and lowest in the west; and economic development—which mirrors population
density. Internet access is a good example of how ICT development follows re-
gional divisions (Figures 3.8 and 3.9). There is also unequal distribution within
regions, with the majority of Internet users located in the southern and seashore
provinces. Further, as in other developing countries, Internet access in China is
largely concentrated in urban areas. Statistics show that Beijing’s Internet
users represent 5 percent of the nation’s total, while Shanghai accounts for 5.4
percent, Tibet for 0.1 percent, and Qinghai Province (in the northwest) for
0.3 percent (CNNIC 2004).

The Urban—Rural Bias. ICT development is comparatively very expensive
in rural areas (as has been discussed earlier in this chapter) because of factors
like low population density and geographic obstacles. By the end of 1998, the
rural areas of China represented about 70 percent of the population but only 20
percent of its telephony. Urban teledensity was 27.7, while rural teledensity was
only 2.85—nearly 10 times lower. Some improvement had occurred as of the
end of 2002, though the gap was still present; urban teledensity was still three
times higher than rural teledensity (28.2 compared with 9.8).

The urban—rural gap in Internet use is far more pronounced, with a mere
1 percent of Internet users living in rural areas (CNNIC 2004), and the urban
network dissemination ratio is 740 times that of rural areas. In fact, while com-
mercial Internet access is now available in over 200 metropolitan cities covering
every province, most rural areas have yet to be networked (Press, Foster, and
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FIGURE 3.9 The distribution of Internet users in China across provinces, 2002
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Goodman 2002). Even when Internet access is available in rural areas, connec-
tion speeds are lower than in urban areas because the technology in use is older
(a problem that will be exacerbated when broadband technologies are intro-
duced in rural areas). Nevertheless, despite these imbalances, ICT development
in rural China has been gradually improving as a result of general economic de-
velopment and an influx of rural ICT investment. In 2002, the number of fixed
telephone subscribers in rural areas reached 78.478 million, a 338 percent in-
crease from 1997. The rural growth rate is also 34 percent higher than the urban
growth rate.

The Threat of Inequality. According to the United Nations Development
Programme (UNDP), the digital divide is a reflection of broader socioeconomic
inequalities. The risk is that the divide will further marginalize underdeveloped



126  Maximo Torero and Joachim von Braun

regions and societal groups that can afford neither the cost of the initial ICT
infrastructure nor the cost of learning how to utilize the technologies effectively.
The following issues are of concern:

* The gap in ICT availability is much larger than income disparities for some
regions.

*» The gap increases as the technologies become more advanced (meaning,
for example, that it is greater for Internet access than for telephone access).

» The gap is greatest in rural and remote regions, increasing the risk that
inhabitants of such regions will become even further isolated and forced
further into poverty.

+ The gap among the social groups only aggravates social and economic in-
equalities, a problem that will increase as government and social-service
providers increasingly use ICT to communicate and disseminate infor-
mation. In light of these realities, governments need to form telecommu-
nications policies that seize the opportunities of ICT development, address
the challenges of ensuring rural and remote access, and ultimately avert the
significant threats posed by the digital divide.

China’s Telecommunication Reform and Dot Force Policy

The Ministry of Postal Services and Telecommunications (MPT) maintained
sole monopoly powers over telecommunications in China for over four dec-
ades. Recognizing the inherent challenges of this system in the presence of an
enormous market and increasing demand, the Chinese government undertook
telecommunications reform aimed at introducing competition. As expected,
however, a unique reform model was required for China, to attract investment,
improve efficiency, and stimulate development but avoid reduction in the gov-
emment’s control of information flows. Hence, the Chinese government care-
fully managed the introduction of market forces, balancing development goals
with its need to maintain control. Initially this meant a shift from a state-owned
monopoly to a state-owned duopoly; plans are in place, however, to introduce
pluralistic competition.

Telecommunication Reform. Prior to 1978, the Chinese telecommunica-
tions sector formed a natural monopoly 2® operated by MPT, and the sector was
seen purely as a tool for administrative needs. Telecommunications expenses
were classified as nonproductive and were often the subject of cut in hard times.
By 1978, China had a telephone switching capacity of 1.75 million sets, and a
teledensity of only 0.18 percent (Lu 1999). In fact, China’s telecommunications
sector presented one of the worst bottlenecks in the economy by the time eco-
nomic reform was launched.

29. See the section on natural monopolies at the beginning of this chapter.
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Telecommunications reform began in 1978 with decentralization of some
of the decisionmaking and some of the profits through the contractual respon-
sibility system (CRS), supplemented in 1985 by a nationwide accounting system.
Under CRS, telecommunications enterprises were given greater management
autonomy as well as incentives for business expansion. Further reforms sepa-
rating postal and telecommunications functions were implemented in 1988-91.
In the 1990s, the Chinese government undertook a series of measures, first to
establish the service operators as separate entities apart from government, sec-
ond to reorganize industry subsectors, and third to introduce competition in
all service sectors, including basic and value-added telecommunications and
information services. In 1994, China Unicom was formed and supported in
building and operating a nationwide cellular network. A new round of reform
was launched in 1998 to promote a fair market by breaking up China Telecom
and strengthening China Unicom through market restructuring. China Tele-
com Hong Kong, China Mobile Group, Jitong, and China Net Communication
were formed (Gao and Lyytinen 2000). In addition, paging services were sep-
arated from China Telecom and Guoxin Paging Ltd. was formed.

Competition created changes in the market dynamic and hastened sector
growth. Some crucial problems remained, however. First, MPT’s role was rather
ambiguous; it was both a competitor (in the form of China Telecom) and a reg-
ulator. To completely separate the functions of the government and the tele-
communications enterprises, the Ministry of Information Industry (MII) was
established as a neutral body, taking over MPT’s regulatory functions in 1998.
Separate MII departments were given responsibility for policymaking, admin-
istration, market regulation, and internal affairs.

From 2000, competition in the domestic telecommunications market inten-
sified, with each of the seven telecommunications companies offering particular
advantages:

* China Telecom had a customer base in telephony of over 100 million,
held a 99.9 percent market share, and owned 70-80 percent of the coun-
try’s long-distance telephone network. The network had links to more
than 2,000 counties and cities and control of the urban Internet domain
network.

China Mobile held an 80 percent share of the cellular telephone market,
cementing its market position.

+ China Unicom and IP (Internet Protocol) Telephone developed in tandem
with a long-distance fiber-optic communications network covering 250
counties and cities, plus an additional 100 cities via a leased long-distance
network.

With broadband as its core business, China Netcom offered a broadband
telecommunication network, and gained recognition for its up-to-date
technologies.
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 China Railcom relied on its existing customer base of one million fixed
line telephone users.

« Jitong Telecommunications specialized in Internet protocol telephones.

* China Guangdian specialized in a cable television network.

In addition, as of 2000, the State Power Corporation was preparing to enter the
telecommunications market under the name China Powercom. It is important to
emphasize, however, that competition in China’s telecommunications market
remains still limited because all of the service providers are state-owned enter-
prises with separate and restricted licenses that limit their service scope; China
Telecom, for example, is not licensed to provide cellular telephone service.

Despite initial progress, China Telecom still maintained a national mo-
nopoly in fixed telephony (with 99.9 percent of the market share) until the Chi-
nese government settled on a solution in 2001 that involved subdividing oper-
ations along regional boundaries and creating decentralized branches. In
addition, ChinaSat—a subsidiary established in 1985—was restructured as
a government-owned independent operator regulated by MII and renamed
ChinaSat Communications Group.3° In the north, the branches of China Tele-
com, China Netcom, and Jitong were combined to form the China Netcom Cor-
poration, while in the south, 21 branches were grouped under the China Tele-
communications Corporation. These two reorganized corporations maintained
the former activities of China Telecom as well as establishing new local tele-
phone networks and offering reciprocal (and equitable) fixed line services in each
other’s service areas. The southern and northern regions share a 70 percent—
30 percent split of the national base network in addition to maintaining 100 per-
cent of the local networks in their respective service areas. As a result of the
reorganization, a new competition pattern arose known as “5+1,” comprising
China Telecom, China Mobile, China Netcom, China Unicom, and China Rail-
com as the main operators, plus ChinaSat.>! Under this new pattern of compe-
tition, China Mobile became the market leader in terms of revenues, followed
by China Telecom and China Netcom. Figure 3.10 illustrates that shift in the
revenue shares of the main telecommunication operators as a result of the sub-
division of China Telecom.

30. In addition to its own operations, ChinaSat also comprises China Orient Satellite, an-
other satellite operator with which it merged in 2001; ChinaSat (Hong Kong); Spacecom, a satellite
service reseller; and Spacenet Information, which provides a broadcast data service. ChinaSat has
5.2 billion yuan (US$626 million) in assets.

31. ChinaSat does not offer any direct residential services; most of its customers are tele-
communications operators, banks, securities brokerages, insurance, television companies, and the
military. ChinaSat predominantly leases space to telecommunications operators, private networks,
and public broadcasters and provides a gateway and VSAT for fixed and cellular service, such as
voice and data (including Internet) access, television relay or direct broadcasting, and overflow
routing or emergency communications.
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FIGURE 3.10 Revenue shares in China’s telecommunications sector before and after
restructuring

Revenue shares before restructuring, 2002

: : China Unicon
China Mobile 10%
41%

Netcom and Jitong held
0.2% of the market,
and ChinaSat 0.1%

China Telecom
49%

Revenue shares after restructuring, 2002

China Mobile China Unicon
41% 10% Netcom
18%

ChinaSat held 1%
of the market

China Telecom
32%

source: MII (2002).

In parallel with structural reform, financial stimuli also promoted the de-
velopment of China’s telecommunications sector. Traditionally, MPT controlled
the pricing of most services, including monthly rental fees. The tariff structure
was lower for local services and higher for domestic long-distance and inter-
national services. At the end of 1990, the ministry set a price cap based on the
local telephone companies’ average costs plus a profit mark-up. Local tele-
communications companies could set their own local rates up to but not ex-
ceeding the cap, subject to the approval of local government’s price control au-
thorities (Lu 1999). During this time, the Chinese government also prioritized
legislative reform and oversight of the sector. In 2000, a centralized regulatory
body was created; “Telecommunications Regulations of the People’s Republic
of China” and “Administrative Methods for Internet Services™ were established
and disseminated; and telecommunications-related laws were updated.

WTO and Privatization, International Competition. China’s accession to
the World Trade Organization (WTO) is generally recognized as an external
driving force in the strengthening and acceleration of the telecommunications
reform, given the domestic telecommunications market will gradually open to
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foreign investors and competitors. According to the WTO agreement, China
must eliminate import restrictions on pagers and cellular phones, as well as
regional restrictions on fixed telephones by 2007. By 2005, China is required to
allow foreign investors to own between 49 and 51 percent of telecommunica-
tions companies depending on the service. The emergence of multiple markets
will no doubt fuel competition in China’s telecommunications sector, which in
turn will improve quality, lower prices, and stimulate demand. It should also go
a long way toward bridging the digital divide.

DOT Force Strategy and Actions. China’s telecommunications sector has
taken steps to prepare for the “real” competition that international investment
in their telecommunications sector could provide. To that end, in parallel with
the structural reform, the Chinese government was guided by the DOT Force
strategy>2 in its development of ICT.

Initially, this involved a national information strategy. To promptly em-
brace the opportunities of the new digital technologies, the Chinese government
formulated further policy to promote construction, modernization, and opti-
mization within the relevant industries. This included a series of important in-
formation projects called Golden Card, Golden Bridge, and Golden Gate, which
were implemented sequentially beginning in 1993 specifically to promote the
development of infrastructure.

Next, the government initiated an Internet program in the mid-1990s
with a view to creating an online government presence to facilitate informa-
tion access for all citizens. Under the program, goals were set to build this
governmental Internet presence to 30 percent by 1998, 60 percent by 1999, and
80 percent by 2000. In addition, 100 large conglomerates, 10,000 midsize
firms, and 1,000,000 small firms were to be connected during the year 2000.
By 2002, more than 220 million government departments were offering elec-
tronic services according to Xie Lijuan, member of the Ninth National Com-
mittee of the Chinese People’s Political Consultative Conference (People’s
Daily 2002). By 2002, the Chinese government was represented by 5,864
“.gov.cn” domain names, including national ministries and provincial and
municipal governments across the country; this number rose to 7,796 in 2003.
Approximately 4.3 percent of all Web sites under the “.cn” domain have “.gov”
suffixes (Xiang Zhou 2004).

Third, the government committed specific expenditure to address issues
relating to the digital divide. This enabled significant investment in the creation
of telecommunications infrastructure in urban regions as well as in rural and re-
mote areas. To reduce the widening gap in Internet access between urban and

32. In July 2000, the G8 committed to creating a Digital Opportunity Task Force (DOT
Force), based on the Okinawa Charter on Global Information Society, to investigate the digital di-
vide in the developing world.
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rural areas, the government launched two state-owned or subsidized projects,
“Every Village has a Phone” and “Gold Farm Engineering,” which promote
rural telephone and Internet access. As of 2000, 5,000 networked telephones
had been installed and over 200 agricultural Web sites had been created through
these projects (Xinhua News Agency 2000). In particular, significant efforts
were made to accelerate the construction and improvement of infrastructure to
satisfy the socioeconomic needs of the western regions of the country. To this
end, the Chinese government prepared a series of key policies to encourage both
domestic and foreign investors to develop telecommunications infrastructure
and service in the region, and efforts have been made to cultivate a number of
promising IT enterprises in the area.

Education and gender issues are also being explored in relation to the dig-
ital divide. The Chinese government encourages and supports colleges and uni-
versities in educating students on ICT and the benefits of their application.
After networking almost all the country’s universities and important institutes,
the Chinese government shifted focus to the provision of long-distance educa-
tion facilities in less-developed regions. For example, with support from the
Government of Australia and the World Bank, the Government of the Ningxia
Hui Autonomous Region launched a distance learning center (DLC). The center
helped to promote development and poverty reduction in this western province
by introducing ICT use and thereby promoting distance learning and infor-
mation and knowledge dissemination. Using state-of-the-art distance learning
technology, DLC allows participants from across China and other East Asian
countries (and even other continents) to learn and share information without
leaving their hometowns (GDLN 2001).

Finally, the Chinese government has allowed the private sector to provide
information services without sensitive political content. This policy signifi-
cantly facilitates dissemination of information via the Internet. Despite strong
arguments as to whether private Internet cafes are harmful to the political
regime and society more generally, the number of cafes has grown rapidly. The
resulting private competition for Internet service provision counterbalances the
state monopoly and reduces the cost of Internet use to affordable levels for large
segments of the society.

Conclusion

The unique reform of China’s telecommunications sector has been marked by
the need to maximize competition within the framework of the broader gov-
ernment agenda. As a result, China’s telecommunications sector has become
more market oriented despite state ownership. Still, competition is limited by
licenses that restrict operations and lack of essential legal and regulatory safe-
guards that would ensure fair competition. China’s accession to WTO is a driv-
ing factor in the reform process. The domestic telecommunication market will
gradually open to both domestic enterprises and foreign investors, which will
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herald the introduction of “real” competition, ultimately improving service qual-
ity, lower prices, and stimulating demand.

Institutional Trends and Infrastructural Developments in
Telecommunications in Sub-Saharan Africa: The Case of Ghana
Romeo Bertolini

With the revelation of the “missing link”3? (Independent Commission for World
Wide Telecommunication Development 1984), interest in strengthening tele-
communications infrastructure of low-income countries began to grow. This was
due in part to the realization that well-managed telecommunications entities can
generate large financial surpluses. More importantly, telecommunications net-
works were acknowledged as a potential driving force for macroeconomic
growth through a variety of direct and indirect effects (as was discussed in
Chapter 1). The explosive growth of ICT made reliable and cheap telecommu-
nications networks more important than ever as the foundation for wide de-
ployment of technologies like the Internet. And while low-income countries
generally lag behind other countries in basic telecommunications (and conse-
quently in ICT development), the situation is of particular concern in Sub-
Saharan Africa, where regional teledensity is among the lowest in the world,
and most rural areas have no access to services at all.3#

This case study provides an overview of Sub-Saharan African tele-
communications sectors focusing on institutional evolution in the 1990s. Pat-
terns of institutional and organizational change in Africa were not significantly
different than those in developed countries; most reform programs tended to be
modeled after continental European precedents (Mustafa, Laidlow, and Brand
1997). Nevertheless, Sub-Saharan African countries exhibited some peculiari-
ties in the transformation process, which are analyzed in this case study in terms
of sector reform in Ghana—a country strongly committed to trade and market
liberalization, and one that, together with a few other countries, was widely re-
garded as a best practice case for the region (ITU 1998; World Bank 1998).

General Trends in Telecommunication Sector Reform

Until the end of the 1980s, “telecommunications used to be regarded as a nat-
ural monopoly>> and a relatively straightforward public utility. Economies of

33. A report of the Independent Commission for World Wide Telecommunications Devel-
opment on the disparity in the distribution of telecommunications services around the world.

34. In 1999, low-income countries had an average teledensity of 2.9 and about 0.62 Internet
users per 100 inhabitants. Sub-Saharan African countries, excluding South Africa, had a teledensity
of 0.6 and fewer than two subscribed Internet users in 1998. In South Africa, about 46 percent of
urban households have telephones compared with only 8 percent of rural households.

3S. See the discussion of natural monopolies at the beginning of this chapter.
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scale, political and military sensitivities, and large externalities made tele-
communications a typical public service” (Saunders, Warford, and Wellenius
1994, 305). Consequently, the services were mostly provided by monopolists,3®
either as government departments or state-owned enterprises (as was seen in
the preceding case studies on Bangladesh and China). In the early stages of
telecommunications development, industrialized countries profitably operated
infrastructures and succeeded in providing near universal access to telephones.
Developing countries, however, began at a different level. Their telecommuni-
cations services were initially run by foreign private companies and colonial
government agencies. They provided an infrastructure that was primarily de-
signed to meet the needs of the colonial administration rather than the population.
During the 1960s and 1970s, most monopolistic telecommunications service
operators were taken over by the public sectors of newly independent national
governments. These monopolies fell short of meeting the demand for telephone
services, which resulted in long waiting lists, congested call traffic, poor service
reliability, and limited network coverage. This was due not only to the scarcity
of capital but also to the inefficient management of existing resources, as well as
limited motivation to meet the existing demand (Mustafa, Laidlow, and Brand
1997; Saunders, Warford, and Wellenius 1994).

Despite the poor market performance, Mustafa, Laidlow, and Brand (1997,
viii) observe that “there is evidence of substantial ability and willingness by
customers to pay for services which were [simply] not available.” Revenues per
line are high by world standards, and consequently telecommunications sectors
of Sub-Saharan African countries have the potential to be profitable. These pos-
itive perspectives and the increasing discussion on ICT as a catalyst for more
efficient economic performance and increased global integration made sector
reform a widely discussed issue. In the North, this was mainly because the old
monopolistic structures could not meet the challenges imposed by the emer-
gence of new technologies and services, and the huge demand for new ser-
vices. In the South, where the need for greater penetration of basic services
was urgent, obtaining access to so-called leapfrogging technologies was par-
ticularly challenging. For both hemispheres, telecommunications sector reforms
were designed along similar patterns. Although some low-income countries—
especially in Sub-Saharan A frica—remained hesitant to adapt reform measures,
some governments overcame their reluctance and joined ICT-related programs
and initiatives established by international organizations such as the United Na-
tions Economic Commission for Africa (UNECA), UNDP, ITU, and the United
States Agency for International Development (USAID). Substantial parts of these
programs and initiatives address financial and managerial challenges related to

36. Major exceptions in this respect were Canada, Finland, and the United States (Saunders,
Warford, and Wellenius 1994).
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sector reform. Thus, they help to attract private investment and accelerate the
expansion of the infrastructure and services (ITU 1998; Jensen 1998).

Some Sub-Saharan African countries that became involved in such programs
—Cote d’Ivoire, Ghana, Mauritius, Senegal, and South Africa—eventually em-
barked on international agreements and restructured their telecommunications
sectors to comply with the WTO agreement on basic telecommunications ser-
vices and the General Agreement on Trade in Services (GATS, ITU 1998, 8).
From a global perspective, and with regard to telecommunications, this agree-
ment was introduced to meet the need for a new international system of gover-
nance for telecommunications generated by economic globalization and tech-
nological convergence (Tarjanne 1999). The agreement was signed early in 1997
by countries that account for more than 90 percent of the world’s telecommu-
nications service revenues. The most important principles to be introduced
under the umbrella of GATS and to promote the aforementioned acceleration
of infrastructure and service provision for these countries are outlined below
(ITU 1998; Ménnistd, Kelly, Petrazzini 1998; Saunders, Warford, and Welle-
nius 1994; Tarjanne 1999):

+ separating the former monopolist, the national postal and telecommu-
nications operator (PTO), into telecommunications and postal service
providers;

» fostering the privatization of the former incumbent telecommunications
service provider and promoting of foreign investment;

* liberalizing markets (that is, introducing competition within the sector);
and

« establishing a legal framework that efficiently regulates sector developments.

The respective governments progressively followed these structural undertakings
with the assistance of the ITU. Although there are differences among individ-
ual countries, the elements discussed below appear to be the institutional “best
practice” (ITU 1998, 1999a).

Separation, Privatization, and Liberalization

The separation of the telecommunications operator from postal services and the
establishment of both entities as corporate bodies is the first step toward sector
reform (as was seen in the case studies on Bangladesh and China earlier in this
chapter). Next, the telecommunications operator must be reorganized follow-
ing commercial principles: “There is widespread agreement that regardless of
who owns them, telecommunications operating entities perform best when they
are run as profit-driven businesses” (Saunders, Warford, and Wellenius 1994,
310). A number of Sub-Saharan African countries have separated their postal
and telecommunications operations, given them a corporate structure, and pri-
vatized the resulting entities (see Figure 3.11 and Appendix 3C, Table 3A.1).
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As stated, one of the purposes of separating and privatizing the tele-
communications service provider is to attract financial investment. ITU points
out that, especially for Sub-Saharan African countries, there is an increasing de-
sire to attract foreign investment into the telecommunication sector (ITU 1998).
The most common strategy in low-income countries is to offer a share of the
new company to a strategic foreign investor as a partner. This is often regarded
as the only way to generate the necessary investment for development of the
network in view of scarce domestic resources (One World 1997). This strategy
also allows the investor to inject managerial and technical expertise on which
the operator can build. Whatever the process of privatization (share-offering,
joint ventures, or full privatization), the anticipated positive effects are as fol-
lows (ITU 1998; Tarjanne 1999):

enhanced efficiency in management, production, and the provision of
services;

financial benefits for governments, freeing resources for other public sec-
tor needs or reducing foreign or internal debt;

reduced hidden and open subsidies;

expanded infrastructure in underserved areas and increased network qual-
ity; and

reduced tariffs.

Although most African countries took measures to increase private-sector par-
ticipation, investment inflows in the telecommunications sector actually fell from
USS$5 to US$4.7 billion in 1994/95 (One World 1997). There were, however,
large differences across countries in terms of their commitment to telecommu-
nications sector reform (see Appendix 3C, Table 3C.2).

Competition is perceived as integral to sector reform. There are two main-
stream strategies for liberalizing telecommunications markets: complementary
entrance policies and competitive entrance policies. Both aim to attract capital
and management resources for the telecommunications sector, mainly through
mechanisms that involve licensing obligations or create competition among
service providers.

Regulatory Framework

Regulation naturally differs with market structure—whether government owner-
ship, corporatization, privatization, or competition—and a regulatory body can
take the form of a government department, a public corporation, or an inter-
mediate version “in which the operating entity has the status of a government
department but can act as a commercial agency” (Mustafa, Laidlow, and Brand
1997, 56). Details of regulations under the various market structures are pro-
vided below:
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+ With a state monopoly, regulations mainly concern business issues such as
the market scope, external financial resources, and the form of manage-
ment (ITU 1998).

» With corporatization, the regulatory framework should include statutes

limiting the influence of government officials over the corporation (ITU

1998) and company law (Mustafa, Laidlow, and Brand 1997). In addition,

regulations should be established that limit the monopoly status of the

operator.

Privatization is often subject to licensing or concession contracts; regula-

tions should consider future sector policies, such as tariff rules, the degree

of liberalization, liabilities, exit options, and commitments to universal ac-
cess and service obligations (ITU 1999a; Saunders, Warford, and Welle-

nius 1994).

Competition involves opening the market to new operators and intro-

ducing new services. To facilitate competition, the regulatory body should

develop an appropriate licensing regime. Regulation of interconnection
between multiple operators is of particular importance to guarantee fair
competition after the entry stage.3”

From an organizational perspective, regulatory bodies are quasi-autonomous,
having limited powers. Often, the ministry responsible retains the authority to
issue directives to the regulator to control the funding and the board of the en-
tity. The degree of regulator autonomy depends on the way the body was estab-
lished, that is, whether by comprehensive law or ministerial decree (ITU 1999a;
Scherer 1994). It is argued, however, that only complete independence of the
regulatory authority can provide sufficient assurance that ad hoc government
interventions will not occur. Mustafa, Laidlow, and Brand (1997) indicate that
of the developing countries that had undergone privatization by 1997, none had
an effectively independent regulator.

Ghana’s Telecommunications Sector Policy and Infrastructure

In 1982, the Republic of Ghana was undergoing its deepest economic crisis
since gaining independence in 1957. Toward the end of that year the govern-
ment began economic restructuring primarily following the patterns of structural
adjustment proposed by the International Monetary Fund (IMF) and the World
Bank. IMF loans were a necessary precondition for regaining credibility with
the donor community and acquiring the necessary financial resources to facili-
tate economic recovery (Schmidt-Kallert 1994). Since that time, the country has
carried out a couple of “the most thorough structural adjustment programs in

37. For a detailed discussion of regulatory issues, see Bertolini (2002).



138  Maximo Torero and Joachim von Braun

Africa” (Chibber and Fischer 1991, 7) and also been committed to GATS. Im-
portant steps taken at that time are outlined below (IMF 2000; SAPRIN 2000):

* privatizing state-owned enterprises;

* reducing public-sector expenditures;

» fostering deregulation policies;

» enhancing macroeconomic stabilization through adequate monetary and
fiscal policies; and

» liberalizing imports and the promotion of exports.

These elements were included in the 1999 Structural Adjustment Facility Policy
Framework, which was extended until 2001 (IMF 2000) and paved the way for
telecommunication sector reform.

The State of the Ghanaian Telecommunications Sector

The Ghanaian government first restructured its Ministry of Transport to form
the Ministry of Transport and Communications (MTC). With the assistance of
various international organizations, such as the ITU, the ministry then formu-
lated a national strategy for broad information and communications sector re-
form. The fundamentals of this reform were then formalized within the tele-
communications policy for an accelerated development program (ADP) that
was launched in 1994 (MTC 1999). Details are discussed below.

Sector Policy: Aims and Measures. The strategy for the telecommunica-
tions sector targeted the following issues. First, a tariff policy was suggested to
allow operators to recover the full cost of service provision. Second, it was es-
tablished in the ADP that customers should be able to access services at com-
petitive and affordable prices. This included the intention to foster public ac-
cessibility in urban and rural areas through the implementation of payphone
facilities. Universal public access was also planned for the longer term through
the installation of “payphone facilities to every village of a minimum of 250
inhabitants” (IICD 1999, 5). The government had a long-term objective of
increasing Ghana’s international competitive advantage and of becoming the
Gateway to West Africa (Frempong and Atubra 2001). So the establishment of
high-quality communications services for the business community was a pri-
ority in addition to universal public access.

The primary means of achieving these ambitious goals was the establish-
ment of Ghana Telecom in June 1995. Ghana Telecom took over the tele-
communications division of the Ghanaian PTO, which had been established as
an SOE as early as 1974. This corporatization did not, however, have positive
effects on either the profitability of the company or its supply of services (Ghana
Telecom 2000) (Figure 3.12).

To attract financial investment in the newly established—but heavily indebted
—telecommunications operator, a 30 percent share of Ghana Telecom was sold
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FIGURE 3.12 Fixed line teledensity, 197079, and Ghanaian postal and
telecommunications operator revenues, 1977-79
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to a consortium (led by a strategic foreign investor, Telecom Malaysia Berhad)
for US$38 million (BMI-T 1998). In December 1996, a second operator, ACG
Telesystems Ghana, was licensed to build a national fixed network. Other value-
added services, such as cellular telephone services, data transmission, paging,
and payphones were soon added. Reform also enabled large corporate users to
develop their own private networks.

The National Communications Authority (NCA) was established as the
sector’s regulatory body in 1996 to oversee the implementation of the reform
measures, promote fair competition, and protect consumers and operators. Fur-
ther, NCA was to supervise the fulfillment of the preconditions linked to the
license agreements that were established to ensure universal access (MTC 1999).

Marvket Participants and Infrastructural Developments. The political and
institutional framework induced a number of developments. Although Ghana
Telecom maintained control of the vast majority of the market, additional agents
were introduced, as mentioned, beginning with ACG Telesystems Ghana as the
second national network operator in the fixed line market. ACG is jointly owned
by the Ghanaian Petroleum Company (GNPC), Western Wireless (United States),
and ACG Telesystems (United States) and operates under the trade name Wes-
tel (BMI-T 1998). Westel and Ghana Telecom were the only fixed line opera-
tors in Ghana, although the market was opened to competition in 2002. This
agreement was based on the condition that Westel would install 100 payphones
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FIGURE 3.13 Participants in the Ghanaian telecommunications sector
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and 50,000 fixed lines between 1998 and 2001 investing US$30 million (Fig-
ure 3.13).

Westel was effectively crippled by problems with the NCA over its in-
ability to meet licensing conditions relating to subscriber targets in the first year
of its operations. It was subsequently fined a penalty of approximately US$25
million, which grew, with interest, to more than US$35 million because of Wes-
tel’s inability to pay. Consequently, Westel is no longer a viable market com-
petitor; it continues to serve a small number of subscribers, who—despite the
difficulties—report that Westel’s services are excellent (Ghanaweb 2004). Wes-
tel’s competitiveness was further compromised because the wireless technology
that underpins its network required a prohibitive initial investment in hardware,
necessitating a subscription fee of US$260 per line.

Capital Telecom, which is wholly Ghanaian-owned, commenced opera-
tions in 1997, primarily to serve southern rural areas. Originally conceived as
a “build—operate—transfer” provider of a rural telecommunications network
(meaning build, operate, and eventually transfer ownership to the government),
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it later became a “build—operate—own” provider under the privatization process.
The company provides rural communications using a multi-access radio sys-
tem with a potential capacity of 1,000 subscribers per hub (as of 2001, three
hubs were in operation). Capital Telecom also had serious problems, primarily
in attracting customers. By 2004, the total number of lines in operation was still
only about 500. Being a rural service provider, Capital Telecom faces the diffi-
culty of serving a low density, low-income rural customer base (the difficulties
of which have already been discussed elsewhere in this volume). In addition,
Capital Telecom’s tariffs are two to three times higher than those of Ghana Tele-
com, making effective competition virtually impossible in areas served by both
operators, such that potential Capital Telecom customers are generally only
found in very remote areas beyond the Ghana Telecom grid. According to Cap-
ital Telecom, the reason for the high tariffs is the company’s interconnection
agreement with Ghana Telecom, under which it is require to pay Ghana Tele-
com 75 percent of all revenues e¢arned through calls that originate or terminate
in the Ghana Telecom network (Morten Falch 2003).

By the end of 1997, the cellular services market was fully liberalized. It
covered the major cities in the south of the country and served approximately
20,000 subscribers (BMI-T 1998). Despite comparatively high charges, this fig-
ure grew to approximately 40,000 by May 1999 (Ghanaweb 1999; Frempong
and Atubra 2001), and 800,000 by December 2003 given an enormous demand
for telecommunication services and a substantial wait for fixed lines.>® More-
over, ongoing changes are expected to promote the cellular sector even further.
The influx of cellular receivers from the United States and Europe and the in-
troduction of a prepaid system are significantly lowering entrance costs for end
users. Also, decreased costs are expected to increase competition, which should
in turn further decrease costs.

Infrastructural Developments. According to Frempong and Atubra (2001,
205), NCA is “grappling with the thorny problem of putting critical structures
in place to regulate and manage the sector efficiently.” The authors argue that
the organization was not able to provide comprehensive regulation and was
therefore weakening its hold on the sector’s operators. Despite these problems,
however, the changing framework seems to have enhanced the access to tele-
communication services for the country’s population. The overall number of
fixed telephone lines tripled during 1990-2003 (Figure 3.14). From what was
mentioned beforehand, this is due more to market liberalization and the new mar-
ket players than the network expansion by the former incumbent. The latter’s mo-
tivation to expand its infrastructure is due to the aim of ensuring the companies’

38. In 2002, fixed line telephones cost US$1.26 in monthly subscription charges and
US$0.03 per local (peak rate) three-minute call; cellular service cost US$7.42 in monthly sub-
scription charges (in 2001), and US$0.95 per local (peak rate) three-minute call (ITU 2004).
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FIGURE 3.14 Development of fixed lines, cellular subscribers, and teledensity in
Ghana, 1990-2003
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hold on the market but also due to an important regulatory agreement. Ghana
Telecom was required to provide around 225,000 fixed telephone lines over a five-
year period and invest more than US$80 million (Frempong and Atubra 2001).

The overall increase of telephones is based on the rapid development of
the cellular market (Figure 3.14). Growth of the cellular market share indicates
that cellular services are not just a complement to the fixed line market but
rather an alternative, compensating for long waiting periods for fixed lines
(Ghanaweb 1999). One negative factor resulting from the rapid growth of the
cellular market is that Ghana Telecom’s switching capacity did not expand rel-
ative to market growth. It therefore fell far short of demand, which “appears to
have affected the ability of the company to give more capacity to other com-
petitors as well as keeping to its mandatory obligations” (Frempong and Atubra
2001, 205). Consequently, calling a cellular subscriber via Ghana Telecom’s
network can be a difficult if not an impossible task, particularly during the day
times. Frempong and Atubra (2001) use this example to emphasize problems
with the NCA, even suggesting a trade war between the new cellular network
operators and the former monopolist. Spacefone (the leading cellular operator)
has engaged in a war of words with Ghana Telecom over lack of interconnect
between their networks; Celltell, Mobitel, and One Touch have not reported hav-
ing this problem (Ghanaweb 2004).



Institutional Aspects of ICT Infrastructure Provision 143

Telecommunication Infrastructure at the Regional and District Levels. While
the greater Accra region accounts for nearly 93 percent of the country’s fixed tele-
phone lines, the other nine regions each account for only 0.3— 8.6 percent of all
lines (see Appendix 3C, Table 3C.3 for more details). Unsurprisingly, teledensity
follows the same spatial pattern; it is highest in Accra (4.9), decreasing rapidly
to 0.4 in Ashanti, and to less than 0.1 in the northern, upper eastern, and upper
west regions. All in all, the country’s major economic centers—Accra—Tema,
Kumasi, Cape Coast, and Sekondi-Takoradi—account for nearly 90 percent of all
Ghanaian telephone lines. Additionally, the regional capitals account for between
48 percent and 100 percent of all fixed lines within their respective regions. Al-
though no detailed data are available to show the current spatial pattern of the
cellular service infrastructure, network coverage is restricted to urban centers
in alf regions (Ghanaweb 2004) (Figure 3.15 and Appendix 3C, Table 3C.3).

Analysis of district-level infrastructure shows that only 49 of the 110 dis-
trict capitals were connected to the national telecommunication network as of
1998 (Ghana Telecom 1998). Other areas within districts did have access, how-
ever. Unlike the regional distribution of telephony, district-level telephone ac-
cess 18 not correlated with urban development (Figure 3.16). It is likely that
strategic interests (border towns, for example) and the presence of other phys-
ical infrastructure (such as roads and electricity) may be more important factors
in determining telecommunications development, highlighting service diffusion
is not primary linked with the market mechanisms involved and, once again,
indicating market failure within the telecommunications sector.

Conclusion

Ghana’s telecommunications sector expanded rapidly in line with government
objectives to gain market power and develop the sector in line with world
trends toward privatization and liberalization. The vast majority of gains in infra-
structure, however, have remained limited to urban areas, and conditions actu-
ally enabled the former monopolist to strengthen its position in the fixed line
market. Insufficient switching (meaning interconnection) capacity and lack of a
level competitive playing field—exacerbated by the inadequacy of the regulator—
significantly hindered overall sector performance and customer satisfaction
(Frempong and Atubra 2001).

While universal access to services at competitive and affordable prices was
a stated objective in the reform process, it has certainly not been achieved. This
is largely because of lack of effective regulation, which in the first instance,
needs to (a) foster real competition in areas that, while outside the more lucra-
tive urban centers, are nonetheless economically viable; and (b) devise mecha-
nisms to motivate/enable operators to provide service in economically infeasible
regions. In this second case, subsidies should be allocated via competitive bid-
ding to determine which operators can provide services at the least cost, and
hence what degree of subsidy is actually needed.



FIGURE 3.15 Teledensity in administrative regions in Ghana and disparities in
urban-rural access, 2000
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Appendix 3A: Econometric Model, Empirical Estimations, and
Estimated Telephone Use Demand: The Case of Peru

Econometric Model

First we model the market for each product in both the pre- and post-privatization
scenarios, identifying changes in access to and use of each service, then mea-
suring consumer surplus changes at each stage. Household preferences are
represented by a utility function:

U= UKy eapr Xignr X1 2 1)

where x; is the consumption of each service available to a residential customer
(local and domestic and international long-distance calls), and z is a consump-
tion index of other goods. Solving the optimization problem, we derive the in-
direct utility function, ¥(p,y), where y is the income of each household and p is
a vector with prices of the three basic services and a general price index for the
remaining goods.

To access the service, a household compares the value of using the service
V{(p,y), with the cost of access. Having a telephone line allows customers to
make three types of calls (local and domestic and international long-distance).
On the panel, among the households for which we were able to obtain a tele-
phone bill, we observed that some households make only local calls while others
make local and long-distance calls. Hence we can order households according
to their consumption decisions.

Econometrically, we model the demand for specific telecommunication
services as a two-stage decision rule. First, we model the decision to access the
network using a probit model. From this equation, we obtain the Inverse Mills
ratio to correct for the access problem. This ratio was included in demand esti-
mations to obtain price elasticities and consumer surpluses for the three services
under study, correcting for the lack of access bias.

Because we use a household panel that includes variations in prices, in-
come, and demographic characteristics, we can directly calibrate the position
of each curve in different points of time without additional assumptions in un-
observed variables. Furthermore, it is not necessary to assume linearity for the
demand curves. In fact, we chose the functional form of the demand curves in
order to obtain the best fit rather than for algebraic simplicity (see Pasco-Font,
Gallardo, and Fry 1999).

The functional form that yields the best fit was:

q]; = exp(x,p" +p, o +¢,), )

where superscript font indicates socioeconomic level (SEL); i, the household;
and 4, time. The relevant prices are p,,, so the elasticities are recovered from the
parameters, o, for each SEL. Finally, g, is the measured traffic for each of the
three services considered in this study.
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After calibrating the demand functions, we measure consumer welfare five
years before and five years after privatization. The combined effect of increas-
ing the number of installed lines and reducing the charges for access increased
consumer welfare over pre-privatization levels. Our welfare measure will be the
difference between the consumer surplus of making a certain number of calls
and the fixed amount paid for accessing the line (the value of the flat installation

charge is converted to an annuity). So, for a given SEL we define:
Pryax

$i(p) = | 4}(p.)dp. ¥j € {Local, DLD, ILD} 3)
Dy
as the consumer surplus for using the line for any of the three services, and
#,, as the annual installment made on the flat installation charge. Hence,

§;t(pit’ rzt) = ZSth(pt) 1 (4)
J

measures the total net surplus of all services. Replacing the functional form
given in (2), and solving the equation, we obtain the surplus as
~ _ 1 n
Sit(pit’ ’;t) - OL_J eXp(xirB +pit(xn + ’31':)'5??” T
&)

o _ 1 ’
Sit(pit’ ’;t) - o/ exp(xitBn tpatt sit) ~ e

where of is the elasticity of the price itself.
Empirical Estimations

We use data from a household panel specially surveyed for this study in 1997
regarding access and monthly consumption of telecommunications services
over the previous year (for details on the survey see Pascd-Font et al. 1999;
OSIPTEL 1995; and Torero and Pasco-Font 2000).

This section reports demand estimates for basic telephony services and com-
putes households welfare changes for SEL A to D, D being the poorest. We also
use results from Torero, Chowdhury, and Galdo (2003) for households on SEL A
and SEL B for provinces out of Lima. The demand estimation corrects for the
selection bias resulting from whether or not consumers have a telephone, and
also for the selection bias caused by households for which telephone billing in-
formation could not be obtained. We also included a dummy variable identifying
whether or not the household has any cellular phones, which is a crucial factor,
especially since 1997 when the intensity of cellular phones increase substantially.
Cellular teledensity rose sharply from 0.002 in 1993 to 0.03 in 1998, although
cellular phones are a complement to fixed line phones rather than a substitute.

The econometric estimations exhibit the expected signs and coefficients
(see details of the regressions in Tables 3A.1 and 3A.2). Furthermore, the price
of international long-distance service is significant (and positive) in explaining
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the use of both local and domestic long-distance service, indicating some de-
gree of substitution between the two products. Education and income levels of
households are also significant, exhibiting the expected signs. We also included
fixed district effects, which were significant as a whole according to the F sta-
tistical test (see Torero and Pasc6-Font 2000 for details on other controls used
and on econometric estimations).

Demand for local and domestic long-distance services is inelastic in all
cases. The price elasticities where —0.49, —0.478, and —1.095 for local, domes-
tic long-distance, and international long-distance calling, respectively.3® This
result is consistent with many other studies, including Doherty (1984); Gatto et
al. (1988); Gatto, Kelejian, and Stephan (1988); Zona and Jacob (1990); Dun-
can and Perry (1994); Levy (1996); and Pascé-Font, Gallardo, and Fry (1999).

Using the demand elasticities thus obtained, we measure the welfare ef-
fects of tariff readjustments for all three services, as well as for the increases
in flat monthly charges (see Equations 3—5). We must note that, given the func-
tional form of our estimated demand functions, similar percentage tariff changes
induce equal percentage changes in household welfare—that is, welfare does
not depend on total consumption but on the parameters of the demand function.
However, the consumer surplus varies from household to household because
the flat monthly service charged represents a different proportion of each house-
hold’s expenditure on telephony service. This variance is naturally less impor-
tant within each socioeconomic level that comprises households with similar
spending patterns.

Estimated Demand for Telephone Use
See tables on pages 149-~151.

Appendix 3B: Supplementary Table, the Case in Laos
See table on page 152.

Appendix 3C: Supplementary Tables, the Case of Ghana
See tables on pages 153-160.

39. The price elasticities for provinces outside Lima were —0.69, —0.55, and —1.59 for local,
national long-distance, and international long-distance calling, respectively.
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4 The Economic Effects of ICT at Firm-Levels
GI-SOON SONG AND DIETRICH MUELLER-FALCKE

Conceptual Issues

Promoting growth of small- and medium-sized enterprises (SMEs)! is funda-
mental to building a vibrant socioeconomic environment—regardless of the
country in question, or its level of development. SMEs are of particular impor-
tance in developing countries because they comprise such a large share of the
economy. In addition, SMEs have specific beneficial qualities for developing
economies; they create jobs, improve welfare, alleviate poverty, enhance tech-
nical and entrepreneurial capacity, and foster key elements of civil society (IFC
2000, 2001). Nonetheless, SMEs have not been successful in realizing these
potentials in many developing countries. Resource and institutional constraints
hinder SMEs in these regions, and rapid globalization poses challenges in the
form of international competition, and opportunities in terms of access to new
markets and resources.

Information and communication technologies (ICT) could help developing-
country SMEs to overcome resource constraints by making valuable knowledge
and information available and by improving business-related communications.
On the other hand, if developing-country SMEs are unable to fully exploit the
benefits of ICT, they will be less able to compete with large firms. It is there-
fore difficult to predict the net effects of ICT on SMEs. This chapter discusses
these issues and explores them empirically through a number of case studies,
following the conceptual framework of this volume as shown in Figure 4.1. (See
appendix 4A for an overview of the methodologies used in the analysis for this
chapter.)

SMEs in Developing Countries: Pro-Poor Engine of Growth?

Collectively, SMEs are perceived as an engine of growth in developing coun-
tries. As mentioned, they represent a large share of economic productivity, and

1. For the purposes of this chapter, SMEs are defined as businesses with up to 250 employees.
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FIGURE 4.1 Conceptual framework: Area of analysis dealt with in Chapter 4
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although their share declines as the economy develops, they continue to con-
stitute a substantial share of developing-country employment.? In Ecuador in
1980 for example, small firms—defined as those with 50 or fewer employees—
accounted for 99 percent of enterprises and 55 percent of employment. In
Bangladesh in 1986, 99 percent of firms were SMEs with fewer than 100 em-
ployees, representing 58 percent of employment (Hallberg 2000). Gillis et al.
(1996) also reported that, in the early 1980s, in countries with average per capita
incomes of US$500-1,000, 63 percent of employment in the manufacturing
sector was generated by registered firms with fewer than 100 employees. Con-
sidering that a substantial number of microenterprises and small firms actually
operate in the informal sector, these figures no doubt significantly underestimate
the contribution of SMEs in developing economies.

SMEs can play a particularly crucial role in reducing poverty by creating
jobs. Microenterprises—which are generally unregistered firms with fewer than
10 employees—offer nonfarm employment opportunities in least developed

2. The share of SMEs declines as per capita income increases, but even in countries where
annual incomes average more than US$5,000, SMEs contribute around 30 percent of total em-
ployment (based on industrial data from 34 countries in the 1960s and 1970s; Snodgrass and Biggs
1996).
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countries (LCDs); informal jobs as a first step toward entering the formal market
in small-scale enterprises in middle-income countries; employment for individu-
als who lose their formal-sector jobs in times of economic downturn in more
industrialized economies; and an alternative to structural joblessness in transi-
tion economies (IFC 2000). In addition, SMEs make important contributions to
the public good by paying taxes, providing social services, building capital,
and facilitating more equitable income distribution.*

With all this potential, why have SMEs in developing economies not lived
up to expectations? Small firms create far more jobs than large firms, but they
also have higher rates of loss than their larger counterparts (Haltiwanger 1999).
To illustrate, start-up and closure rates are as much as three times higher in de-
veloping countries than they are in industrialized countries (Mead and Lied-
holm 1998). This leaves many SME workers vulnerable given all the economic
pressures that threaten the survival of SMEs. Hence, jobs in the SME market
are insecure, and they can also involve unsafe working conditions (IFC 2001).
Tybout (1998) cites several obstacles to private-sector growth in developing
countries: product markets are small, access to manufactured inputs is limited,
human capital is scarce, infrastructure is poor, financial markets are thin, macro-
economic environments are volatile, the legal system functions poorly, and
corruption and property crimes are relatively common. For SMEs, these dis-
advantages only aggravate constraints on financial, physical, and human re-
sources (Mueller-Falcke 2002). In LDCs, especially in African countries, micro-
enterprises in the informal sector have little opportunity to grow and transition
to the formal sector because of the aforementioned obstacles. Romijn (1998)
described this combination of large numbers of informal microenterprises and
a few large firms as the “missing middle.”

The Role of ICT for SMEs

SME development requires several prerequisites including an appropriate legal
framework, sound macroeconomic policy, innovative thinking, infrastructure,
privatization and deregulation, and sustainable economic expansion (IFC 2000).
Along with these challenges, developing-country SMEs face another formidable

3. Formal-sector firms contribute to government revenues, and thereby to the provision of
essential social services, such as health and education. In addition, when public provision is not
available, private firms can often supply social services directly to their employees. The private sec~
tor also plays an important and unique role in enabling the mobilization and saving of capital (IFC
2000). Although these roles are not limited to SMEs, their considerable share of the private sector
in developing countries increases the significance of their contribution.

4. Hallberg (2000) suggested that more equitable income distribution through SMEs is un-
likely because SME workers do not usually belong to the poorest segment of the population in
developing countries.
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task—surviving and competing in a global market. As one of the driving forces
of globalization, ICT may deliver unprecedented opportunities.

ICT offers potential advantages to SMEs in several ways, primarily relat-
ing to obtaining and using knowledge and information, improving internal and
external communications, improving decisionmaking and thereby responsive-
ness and efficiency, and improving overall flexibility. Finally, ICT has the po-
tential to facilitate improvements to productivity. These points are discussed in
turn below.

Knowledge and Information. Knowledge and information are crucial to the
development process (World Bank 1998) and key to achieving a competitive
advantage (Porter and Millar 1985). By lowering the costs of gathering, pro-
cessing, and disseminating information, ICT increases the amount of available
information, and that information becomes more up-to-date, more complete,
and more reliable. This leads to the conversion of uncertainty to predictable
risk, ultimately improving decisionmaking (Bedi 1999). Lybaert (1998) also
found that SMEs using more information performed better and were more op-
timistic about the future.

Communication. ICT permits interactive communication at lower costs,
thereby facilitating negotiations and transactions. Further, by improving exter-
nal communication, ICT can reduce the costs of initiating, negotiating, and en-
forcing contracts. This is particularly important for SMEs because external
transaction costs are high compared with internal transaction costs (Mueller-
Falcke 2002).

Flexibility. Defined as the capacity to adapt promptly to changing envi-
ronments, flexibility can create significant competitive advantages (Piore and
Sabel 1984). ICT can increase a firm’s flexibility by providing information, has-
tening the internal decisionmaking process, expanding and diversifying a firm’s
trading partners, and even expanding and diversifying its customer and product
base.

Productivity. The potential for ICT to improve productivity is a hotly de-
bated topic. Empirical studies from the early 1990s on the causal relationship
between ICT investment and productivity showed no impact and, in some cases,
even negative impact (Brynjolfsson and Yang 1996). Suggested causes of the
so-called productivity paradox are unmeasured quality improvements, time-lags
in the manifestation of effects, additional variables that affect organizational
change, and other specific firm differences (Brynjolfsson and Hitt 1995, 2000b;
Dos Santos and Sussman 2000).

These recent studies reported a positive causal relationship between ICT
investment and productivity or between ICT use and productivity using data
sets for U.S. firms over longer periods of time. While causality was statistically
established, the possibility of reverse causality cannot be denied—meaning that
rather than ICT enhancing firm productivity, more productive firms actually
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need and use more ICT (Brynjolfsson and Hitt 2000b). Using a data set of 500
large U.S. enterprises, Hitt (1999) found a tendency toward decreased optimal
scale with rising ICT investment—meaning the more you invest in ICT, the
smaller the optimal size of the firm. Outsourcing of the noncore business ac-
tivities, such as customer relations and data processing, is an example.

Globalization. The increasing participation of several developing-country
SMEs in the global market is an indicator that the high transaction costs of
participating in foreign markets have been reduced by ICT. Web sites such as
Novica.com help artisans in developing countries find buyers from all over the
world, and many countries are developing national or regional e-commerce
portals to promote their products.

Concerns and Opportunities

In addition to the general constraints on ICT adoption in developing countries
such as poor infrastructure and lack of skills, SMEs face several challenges in
adopting and using ICT. Blili and Raymond (1993) argue that the specific char-
acteristics of SMEs influence the impact of ICT. First, SMEs operate within a
more uncertain environment, which reduces their options and makes them more
dependent on large customers and suppliers. Second, SMEs do not have the
resources to develop their own information systems so they are forced to rely
on third parties. This reduces their control and increases risk. Third, because of
a lack of cognitive resources SMEs often have a short life span. Fourth, deci-
sions about ICT are often limited by the knowledge and training of the firm’s
owner/manager. Relatedly, information systems in SMEs are generally quite
simple, with applications limited to accounting and inventory management as
opposed to functions that enhance strategic competence. Thus ICT is often under-
utilized in SMEs.

In addition to these concerns, the prevalence of ICT in large enterprises
may affect the competitiveness of SMEs in developing countries. ICT enables
a more complex division of activities that add value to products and services,
and facilitate new forms of production and organization in response to rapidly
changing markets. With the importance of information flows in the global econ-
omy, taking advantage of ICT is fundamental to market competition, and large
enterprises are in a much stronger position to reap the benefits. Nevertheless,
this reality does not preclude SMEs from partaking of these benefits. Changes
in the supply chain are a prime example. In the past it was difficult to source
goods and services in developing economies. ICT now facilitates real-time in-
formation sharing regardless of location, so it has become possible to extend the
supply chain to developing countries. Indian software engineers, for example,
provide high-quality, cost-effective labor, enabling major U.S. firms to develop
software around the clock. Because ICT influences the optimal size of firms
(Mugeller-Falcke 2002), noncore business activities are commonly outsourced
by large enterprises. Outsourcing customer service functions offshore illustrates
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the role of ICT in relocating labor-intensive business to areas with low labor
costs.® This is not to say that SMEs in developing countries can attract foreign
partners on the basis of cheap labor alone. A cheap and reliable communica-
tions system is needed, along with a well-trained, relatively cheap labor force
(with appropriate language skills), a supportive institutional environment, and
the necessary infrastructure. For example, the call center industry has increas-
ingly been outsourced in recent years, with India being one of the major winners
(Ascutia 2002).

On the supply side, SMEs can also take advantage of ICT through um-
brella organizations, such as cooperatives or associations, that provide infor-
mation services, training, and organized activities to meet the needs of SMEs.
While costs make it difficult for individual small firms to utilize e-business
solutions, umbrella organizations generate sufficient demand to provide this
service. In this way, SMEs and umbrella organizations come to operate as an
integrated larger entity, and—once again—ICT makes this innovative small
business solution possible.

Despite the obstacles to adopting and using ICT in developing countries,
these small firms cannot avoid the reality of the new ICT-driven economy.
Adapting to change will be the only way to survive, let alone thrive.

Country Studies of Different Experiences

Most studies on the impact of ICT on businesses have been done with data from
developed countries, in particular from the United States, where ICT led the
prolonged economic prosperity of the 1990s. Evidence of the role of ICT for
SMEs in developing-countries is rare and mostly anecdotal (Tam 1998; Bedi
1999). Comprehensive studies are few. Tam (1998), for example, explored the
impact of ICT investment on performance indicators, such as returns on equity,
returns on assets, and turnover rates, reporting mixed ICT impact. However, the
countries included in the study—Hong Kong, Singapore, Malaysia, and Taiwan
—belong to a group of newly industrialized countries in which the export-
oriented private sector is quite strong. Studies on LCDs focus on the difficulties
of adopting and using rather than on its effects.

The empirical studies compiled for this chapter are intended to fill gaps
in the literature by providing evidence of the impact of ICT on SMEs in low-
income countries. The studies offer cutting-edge empirical evidence in terms of
approaches and geographic coverage. The studies focus on India (two cases),

5. AU.S. company can save 20—40 percent of the operating costs associated with customer
contacts when they outsource to India, the Philippines, and South Africa because of the lower wages
and reduced staff turnover (Read 2002). GE Capital and HSBC subcontracted their customer service
call centers to Indian firms, resulting in employment for 300—800 people in 2000 (Bhatttachartjee and
Bhattacharya 2000).
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TABLE 4.1 Basic economic indicators for case study countries, 2000

Indicator India Kenya Tanzania Peru Laos

GDP per capita (constant 1995 US$) 493 322 207 2,380 477

GDP, 1999 (current US$ billion) 510.2 12.3 9.4 56.5 1.7

Manufacturing value-added as a share of GDP  15.6 13.0 7.6 15.8 17.72
(percent)

Manufacturing value-added per capita 69 45 19 305 57.32
(current USS)

Teledensity (fixed lines per 100 inhabitants) 4.0 1.0 0.5 6.6 1.1

SOURCES: World Bank (2004), ITU (2001), and UNDP (2002).
NOTE: GDP indicates grosss domestic product.
22001 data.

Laos, Peru, and two countries of East Africa—Kenya and Tanzania. See Table
4.1 for some basic economic indicators for these countries. As of 2000, per
capita GDP in India, Kenya, Laos, and Tanzania was lower than US$500, and
manufacturing value-added represented a relatively low share of GDP in all five
countries (less than 18 percent, which was the 2001 world average), reflecting
small manufacturing sectors.

In the first case on India, the impact of ICT on small enterprises is explored
in terms of market reach, productivity, profitability, and labor demand. Using
survey data on 295 small-scale industrial enterprises and nonparametric rank-
ing, the study examines the differences in enterprise performance between ICT
users and non-users, early and late adopters, and user groups at different levels
of adoption. While a strong correlation is found to exist with labor produc-
tivity, turnover, and the growth of turnover, the possibility of reverse causality
is acknowledged, as is the role of ICT within best practice guidelines for small
enterprises in developing countries.

The East African study examines the effect of ICT on SMEs in terms of
total factor productivity (TFP) from varied Cobb-Douglas production function
specifications applied to a data set of 300 SMEs in Kenya and Tanzania. The
study attempts to capture the overall impact of ICT on TFP by analyzing invest-
ments in ICT, the types of ICT used, and their contributions (each technology
is assumed to have different degrees of impact). Findings reveal that, while in-
vestment in ICT has minimal impact on output, specific ICT—particularly the
facsimile machine (henceforth fax machine)—appears to have a significant
positive impact on output. Interestingly, Kenyan SMEs are less productive than
their Tanzanian counterparts, contrary to the expectation that a more stable, de-
veloped economy would be more productive.

While most of the studies deal with SMEs in the formal sector in relatively
urbanized areas, the Laos case study focuses on rural firms, including unregis-
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tered microenterprises within households. The study focuses on a very basic
form of ICT—telephony—applying a conventional production function model
and matching method to survey data on 121 businesses to determine the effect of
telephone access on economic performance. Despite a high adoption and usage
pattern and willingness to pay for telephone subscription among unsubscribed
user businesses, formal analysis does not indicate a positive correlation between
access to telephone services and economic performance.

The final case study in this chapter shifts the focus from the commu-
nicative aspect of ICT to its impact on production processes, such as integrated
management information systems (IMIS) and computer-aided design (CAD).
Using a data set of 74 garment manufacturing firms in Okhla, India, the study
explores the impact of adoption intensity, quality of raw materials, unskilled la-
bor, and entrepreneurial capacity on export performance. The results indicate a
significant impact.

Synthesis

The case studies in this chapter present a general picture of ICT in developing
countries that is consistent with existing literature. The finding of little or no
impact on firm performance from ICT investment, as in the East Africa and Laos
case studies, echoes early research on the productivity paradox. Considering
that ICT has only been used by SME:s in the case countries for a relatively short
time, time-lags in the appearance of impact may be a factor. Low penetration
rates in developing countries, below the reported minimum threshold level, may
also be responsible (Roller and Waverman 2001). In addition, and perhaps more
importantly, the lack of complementary infrastructure may reduce the opportu-
nities for firms adopting ICT to perform better, as in the Laos case. The con-
centration on quantitative performance indicators may also have negated no-
table improvement in the qualitative performance of the firms.

Nevertheless, all the cases indicate that ICT adoption is positively linked
to firm performance. Wide use of the available technologies shows that ICT
adoption is perceived to be a key element in remaining competitive. The rela-
tionship between intense ICT use and export performance, in the second Indian
case study in particular, illustrates the global trend toward a changing value
chain, especially in terms of the supply chain when it comes to developing-
country producers. The Indian garment industry also sheds light on possible
opportunities to advance labor-intensive industries through the use of ICT, en-
abling them to remain competitive in international markets while continuing to
offer significant job opportunities. This should be a priority because SMEs fill
an important role in developing countries in terms of income distribution and
poverty reduction. This is especially so given impending changes to the inter-
national trade regime will eliminate the preferred status of developing countries
in the world export market.
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The case studies suggest several issues for future research. The issue of the
causal link between firm performance and ICT use needs further exploration,
specifically in the context of developing countries. Primary processing and
labor-intensive manufacturing are areas of particular interest because (a) the
majority of developing countries depend heavily on primary products and (b) job
creation is extremely important for poverty alleviation. The effects of ICT adop-
tion on demand for skilled and unskilled labor is also an important issue. The
lack of conclusive results as to the impact of ICT points to a need to consider
other adoption indicators than just ICT investment. The case of Indian garment-
manufacturing firms implies that the level of usage may well be a better indi-
cator, such that ICT investment should be correlated with intensity. The East
African case also shows that a single technology (that is, the fax machine) can
show impact, while overall investment in ICT does not—although the question
of the necessary investment threshold to capture ICT’s network externalities
remains. New panel data need to be explored and tested, combining ICT indi-
cators with firm characteristics so as to capture the extent of adoption. Further
research is also required into the impact of ICT on larger firms, and the result-
ing implications for the SMEs in developing countries. In-depth studies on best
practice among businesses with respect to SME adoption could also help to
identify optimal ways to promote ICT access in small firms where resources for
investment are scarce.

Because the biggest obstacles to ICT adoption by SMEs are its high costs
and lack of associated skills, creative solutions need to be explored. These in-
clude external resources, such as market research, database development, and
intranet and Internet sites to facilitate information sharing, sales, purchasing,
training, and so on. Some governments already encourage SMEs to use ICT
by providing public email and Internet access (as in the Indian cases in this
chapter). Similarly, business organizations (such as associations and network-
ing groups) could provide more targeted, business-oriented services relevant
to SMEs.

The Impact of ICT on Small Enterprises:
The Case of Small-Scale Industry in India
Dietrich Mueller-Falcke

This case study aims to explore the impact of ICT on small enterprises in de-
veloping countries by examining small-scale industry in India. India has a long
history of protecting its economy. These inward-looking policies hindered de-
velopment in the 1980s, prompting the government to follow the world trend
toward liberalization and privatization in the 1990s. The telecommunications
market, however, was founded on an unfavorable institutional framework, fre-
quent policy changes, and outright incompetence. By 2000, a public quasi-
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monopoly was in place, operated by Bharat Sanchar Nigam Ltd. (BSNL), the
fixed telephony incumbent. Fixed teledensity (the number of fixed telephone
lines per 100 inhabitants) increased about sixfold in the 1990s, although by 2000
it still remained at only about 3.0, leaving more than 200,000 villages without
telephone service (Government of India 2001). In addition, the prevailing li-
censing regime left the cellular telephone market highly fragmented. Its growth
was further hindered by the government’s refusal to approve the “calling party
pays” principle. Consequently, the number of cellular subscribers was just over
3 million by the end of 2000.

Internet development was more successful, although a number of prob-
lems arose, including attempts by public-interest groups to obstruct private-
sector participation. Commercial Internet services commenced comparatively
late (in 1995) by Videsh Sanchar Nigam Ltd. (VSNL), the monopolistic public
international carrier. Private Internet service providers (ISPs) were only allowed
to enter the market at the end of 1998, by which time VSNL had about 140,000
subscribers. The rapid arrival of real competition led to a significant fall in In-
ternet service prices and a rapid expansion of subscriber numbers to about 1.8
million by the end of 2000—with user numbers estimated at around 5.5 million
(NASSCOM 2001). Since the onset of liberalization, international as well as
national bandwidth has increased rapidly. Indian content on the World Wide
Web has increased dramatically, much of it in regional languages.

The development in the Indian ICT environment is important for small-
scale industry, especially as the Indian economy becomes more open. Tradition-
ally the small-scale industry in India has been well protected against outside in-
fluences and internal competition from large enterprises. In India, small-scale
manufacturing enterprises—classified as those with a capital investment of
less than about US$230,000—are important to the economy. In financial year
1999/2000, these enterprises produced over 3.2 million units and had a com-
bined turnover of US$133 billion, offering employment to nearly 18 million
people. Exports from these enterprises accounted for about one-third of Indian
exports that year (Government of India 2001). To a large extent, the importance
of the small manufacturing enterprises stems from a wide range of protective
measures that have developed over recent decades, such as sole production of
particular products by small enterprises or preferred supplier status with gov-
emment agencies. Although recent policy has focused on promotional measures,
bureaucracy still constrains the overall performance of small manufacturing
businesses (Bala Subrahmanya 1998). Decades of protection shielded these
enterprises from the need to upgrade their technologies; however, with the in-
troduction of liberal trade and industrial policies they have become increasingly
exposed to both internal and external competition. Thus, many small entrepre-
neurs now acknowledge the need to upgrade their technologies, as well as their
organizational systems.
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Methods for Measuring the Impact of ICT on Small Enterprises

Measuring the impact of ICT on enterprises is difficult—as the longstanding
debate about the productivity paradox clearly shows (Solow 1987; Brynjolfs-
son 1993; Brynjolfsson and Hitt 1996). For small businesses, the measurement
problem is even more severe. First, data requirements for quantitative analysis
are particularly high. Most studies on ICT and productivity, for example, have
been conducted for large corporations with publicly available, standardized busi-
ness and accounting data. For small-scale enterprises, especially in developing
countries, comprehensive data sets are virtually nonexistent. The smaller the
enterprise, the less likely it is that written records are kept, and where such
records do exist, the time span covered is insufficient. Enterprises may have
kept some records themselves, but the reliability and comparability of self-
reported data are questionable. Second, investment in ICT by small-scale enter-
prises is generally sporadic, requiring nontrivial sums of capital. Hence invest-
ment in a personal computer (PC), for example, may only occur every couple
of years. This problem is manageable with comprehensive time series data, but
such data are difficult to obtain from small-scale enterprises. Third, it is diffi-
cult to assign a specific share of labor to IT services in small-scale enterprises,
given the enterprises are too small to warrant separate IT professionals or de-
partments. This function is either undertaken by the owner/operator or by one
or more employees in combination with other activities. Assigning a quantifi-
able share of their workload to IT introduces a high degree of uncertainty in the
valuation. Fourth, the impact of ICT on enterprises is multidimensional. Avgerou
(2000) for example, stresses that the impact will be of a non-straightforward
economic nature, that is, covering issues of organizational structure and strate-
gic gains and losses. Other authors claim that the potential benefits of ICT can
only be realized when their adoption is accompanied by organizational adapta-
tions (for example, Brynjolfsson and Hitt 2000a,b; Porter and Millar 1985).
Being qualitative, these changes are difficult to classify and quantify.

With these difficulties in mind, this case study utilizes easily observable
indicators from survey data in an attempt to measure the relationship between
ICT adoption and small enterprise performance. The indicators used are listed
below:

» turnover (as an indicator of market reach);

» labor productivity (as an indicator of productivity);

» profit margin (as an indicator of profitability); and

= wages and educational attainment in administration and management (as
an indicator of labor demand).

There are different ways to account for ICT use, so three methods are proposed
and tested in relation to the proposed performance indicators. The first and most
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simple method is to check for differences between the samples of current users
and non-users for each single technology. However there may be a considerable
time-lag before ICT adoption produces measurable effects, as many studies have
pointed out (see, for example, Lefebvre and Lefebvre 1996 and Brynjolfsson
and Hitt 2000a,b). Karshenas and Stoneman (1993) introduce “order effects,”
explaining that returns from technology adoption depend on when the tech-
nology is adopted in relation to its availability. Rogers (1995) categorizes en-
trepreneurs as “innovators,” “early adopters,” “the early majority,” “the late
majority,” and “laggards,” according to their position in the adoption distribu-
tion.® Taking this categorization as a rough guide, enterprises can be grouped
according to the time of adoption and statistical tests can be applied to identify
whether there are differences among the subgroups.

Looking at single technologies, as in these two proposed methods, may
not be sufficient because the impact of any one technology depends on the
overall technological level of the enterprise as well. In a third method, adoption
patterns for ICT can be examined and levels of ICT use can be identified, so
that enterprises belonging to one level can be compared with those belonging
to the other levels.

The Data

During May and June 1999, 295 small-scale enterprises in the Ambattur in-
dustrial estate of Chennai were interviewed about their use of ICT.” The enter-
prises were generally well established (most had been operating for over a
decade), and all were in the manufacturing sector (the majority involved in
metal processing and engineering). The average annual 1998/99 turnover was
about US$265,000, 6.6 times higher than the average for small industrial enter-
prises in India. Averaging 27.6 staff, the sample enterprises employed five times
as many workers as the national average of 5.5, and average labor productivity
in the interviewed enterprises was 30 percent higher than the Indian average for
small manufacturing firms. Average wages were about US$90 per month in
1998 for management and administrative functions and US$60 per month for pro-
duction functions. Despite economic downturn at the time the survey was con-
ducted, the vast majority of interviewed enterprises claimed to be profitable and
about 20 percent reported that they exported some of their output. (For details
of the key variables, see Appendix 4B, Table 4B.1).

The enterprises were interviewed about their use of telephones, fax ma-
chines, pagers, cellular telephones, computers, the Intemet, and email (Table 4.2).

6. Assuming a normal distribution of adoption over time, “innovators” would be the first 2.5
percent of adopters; “early adopters,” the next 13.5 percent; “the early majority,” the next 34 per-
cent; “the late majority,” the next 34 percent; and “the laggards,” the final 16 percent (Rogers 1995).

7. The results presented in this section are part of a comprehensive survey examining the
adoption, use, and impact of ICT within small-scale industry in India; see Mueller-Falcke (2002).
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TABLE 4.2 Types of ICT used by the sample enterprises

Percentage of enterprises using Average number of

Type of ICT specified technology devices used per enterprise
Fixed line telephone 100 2.3 (lines)
Facsimile machine 55 1.1

Pager 35 2.1

Cellular phone 37 14

Computer 64 2.7

Email 34 _

World Wide Web 19 —

Own Web site 44 —

source: Compiled by author from primary survey data (1999).

Unexpectedly, a large number of enterprises used email. By the time of the sur-
vey, when Indian Internet subscribers totaled only about 300,000, one-third of
the enterprises had email access.® This was much more than expected, even by
the business operators themselves.

The intensity of ICT use tends to increase in small enterprises with adop-
tion, so these firms—while not pioneers—are an important user category for
service providers. On average, the interviewed enterprises spent about US$110
per month on fixed telephony. Where fax machines were owned, 25 percent of
the monthly phone bill stemmed from fax use. Cellular telephone subscribers
spent about US$52 per month on average. Only email use was relatively low,
mainly because of poor telecommunications infrastructure. These data indicate
that the regular costs incurred from ICT can be significant for small manufac-
turing enterprises.

At the time the survey was done, all the relevant technologies were well
established with penetration rates of at least one-third. Non-users generally in-
dicated a cost—benefit rationale for delaying adoption (in almost all cases, per-
ceived lack of benefits or high costs were of prime importance (see Mueller-
Falcke 2002 for details). Looking at the time the individual technologies were
adopted, the enterprises were roughly grouped according to when technologies
were adopted (using the categories presented above, Table 4.3).°

8. International Data Corporation (IDC) India (1999) reports that, as of July 31, 1999, there
were 311,720 Internet subscribers in India; 41.7 percent of these subscribers were within small-
and medium-sized organizations; 31.0 percent were within large organizations; 7.9 percent were
within government, research, and education agencies; and 19.4 percent were home users. Small
business and home users were the fastest growing segments at that time.

9. In the case of fax machines and pagers, the adoption growth rate began declining as of
1998. The peak years for new users were 1995-97 for fax machines and 1997 for pagers. Assum-
ing that the mid-point of the time period indicates 50 percent of the number of final adopters, final



'(5661) s1o80y moyjoy sarroazes uondope {(6661) vrep Aoams Arewrad woxy royine Aq paqidwio) HOANOS

961 — 6L1 - 181 - eel — s1opdope-uoN

— — — - LT 668661 sv 66-L661 Ayofew Sjey

19 668661 9¢ 668661 65 L6—9661 18 96-£661 Ayuofewr Apre

I L661 6¢ L661 ¥4 S61661 1€ 7661 U] szoydope Apre

£l 965661 9¢ 96-5661 S1opeAOUU]

JoquinN pousg IaquinN pousd Iaquiny pousg Ioquny polod K108a12)
[rewry suoyd 1e[njra) BEF A QUIYOBL S[IUIISIR,]

awr uondope 03 Surproosoe s1asn 1] Suiziiodae) €'y ATIVL



180  Gi-Soon Song and Dietrich Mueller-Falcke

TABLE 4.4 Categorizing levels of ICT use

Computer used
No Yes
Email used Email used
No Yes No Yes
Fax usage No fax used 52 1 14 9
Fax office 22 15 5
Fax machine owned 25 3 67 82

source: Compiled by author from primary survey data (1999).

NoTE: The five shaded categories reflect different levels of ICT use from “only telephone used” to
“telephone, fax machine, computer, and email used,” accounting for 84 percent of all cases.

Usage patterns for the different office automation technologies are inter-
esting (Table 4.4). The five shaded categories—refiecting different levels of ICT
use from “only telephone used” to “telephone, fax machine, computer, and
email used”—account for 84 percent of all cases. This may indicate a step-by-
step approach to technology adoption beginning with the use of public fax of-
fices, moving to buying a fax machine, then buying a computer, and eventually
adding email access.

Results

Tests were conducted for differences in enterprise performance, first between
the user and non-user groups, then between user groups—that is, between early
and late users—and finally between different usage categories as previously
defined. This section presents an analysis of the relationship between ICT use
and the proposed performance indicators. Labor productivity, turnover, profit
margin, and growth variables were included in the analysis to consider the
dynamics over time (see Appendix 4B, Table 4B.1. for details). Since normal
distribution could not be assumed for most variables, nonparametric tests were
applied to determine distribution ranks. Mean differences are also reported to
clarify differences (see Appendix 4B, Table 4B.2, for the results, and Appendix
4B, Tables 4B.3 through 4B.5, for details of the test variables).

Labor productivity in 1998/99 is significantly higher in the user versus the
non-user enterprises for each of the technologies examined. No signs of en-
hanced labor productivity growth were found during 1997/98—-1998/99, how-

user rates were estimated at about 200 for fax machines and 125 for pagers. Category borders were
set according to these numbers. For cellular phones and email, no slowdown in growth was observ-
able. A final user rate of 100 percent was assumed to set the limit of the borders.
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ever. Differences in the mean labor productivity between user and non-user
enterprises ranged from about US$3,100 per year for fax ownership to about
US$5,700 for cellular phone subscription. Labor productivity and labor pro-
ductivity growth were consistent between early and late user enterprises for all
technologies except email. Pre-1998 email adopters were, on average, more
productive than late adopters. In addition, labor productivity was shown to be
significantly correlated with the level of technology used by firms. In compar-
ing the means across the different categories, on average, labor in enterprises
using more technologies was more productive than labor in enterprises only us-
ing the telephone or the telephone and the fax machine. Once again, however,
labor productivity growth was not shown to be correlated with technology use.

These results reflect the general difficulty of measuring the impact of ICT
on productivity. Literature reports considerable time-lags from the time of in-
vestment to the point of productivity growth (for example, Brynjolffson and
Hitt 2000a,b); for this study, the time-lags exceeded two years. Lack of proof
of a relationship between ICT use and productivity growth puts the causality
between productivity level and ICT use into question. Of the sample firms, well
managed and productive enterprises appeared to adopt new technologies faster
than enterprises that performed less well, and ICT did not seem to have any gen-
eral effect on profitability. Profit during 1996/97-1998/99 was growing faster
in enterprises using cellular telephones and pagers, but no clear relationship was
observed based on the time of adoption or general level of ICT use.

This result is consistent with most of the literature. Hitt and Brynjolfsson
(1996) examine the relationship between IT investment and profitability param-
eters, finding no relationship based on time spans of a single year; when data are
pooled over several years, results actually indicate negative effects for returns
on assets and total returns. At best, the impact of I'T on profitability is very small.
Hitt and Brynjolfsson suggest that enterprises use the “correct” amount of IT,
so improvements are not achieved by raising or lowering IT investment; they
conclude that IT investments are necessary to maintain a competitive position,
but they do not generate competitive advantages. A similar result is derived for
enterprises in Hong Kong, Malaysia, Singapore, and Taiwan by Tam (1998),
who tests the effect of capital investments in computers on returns of equity,
returns on assets, total shareholder returns, and returns on sales. Evidence is
mixed, and even with lagged specifications, no significant positive impact on
total shareholder returns and returns on sales was found. Tam concludes that
these relationships are affected by institutional and cultural factors.

Only Stoneman and Kwon (1996) find a significant relationship between
technology adoption and profitability. Based on a sophisticated adoption model
and an empirical test of the diffusion of Computer Numerical Controlled (CNC)
machines, computers, microprocessors, and carbide tools in British manu-
facturing enterprises, the authors conclude that enterprises classified as early
adopters are more profitable than those termed non-adopters.
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The use of ICT also appeared to have no general effect on labor, other than
the fact that managerial and administrative employees were paid significantly
higher wages in cellular phone and email using enterprises (the mean wage was
about 10 percent higher than the average). The number of business administra-
tion and management graduates was not a related factor.

Notably, no relationship was found to exist between computer use and
wages and skills, despite indications in survey responses that employees using
computers received higher wages. More than 75 percent of respondents indi-
cated the high importance of computer skills for new administrative staff, and
over 50 percent reported wage surcharges of over 10 percent for computer
skills. Thus, evidence should show an upward bias in wage structure with com-
puterization. Literature on employment effects also states that increased use of
IT is accompanied by increased demand for higher skilled labor. Comprehen-
sive research on the wage effects of computer use in U.S. enterprises indicates
that workers earned about 10—15 percent more in the 1980s as a result of their
computer skills (Krueger 1993). A number of other studies, however, question
whether these wage differentials reflect other attributes that in fact cause the
higher computer usage. “The results are consistent with the conclusion that firms
with more highly skilled workers are more likely to adopt new technologies.
However, subsequent to adoption, these technologies do not have much impact
on wages” (Bedi 1999, 31). Other studies conclude that the demand for skilled
workers rises with increased diffusion of computers. Lal (1996) examines the
relationship between IT use and a number of conduct and performance param-
eters in 59 Indian electronics and electrical goods enterprises. He found that en-
terprises using I'T employ more qualified managers and highly skilled workers.
Wage rates, however, were not significant, as is the case in this study.

Market reach, approximated by 1998/99 turnover, was shown to be highly
correlated with technology use. The mean ranks in turnover for user and non-
user enterprises differed by at least 48 ranks. User enterprises had at least twice
the turnover, on average, of non-user enterprises. The turnover of user enter-
prises also grew faster during 1996/97—1998/99 than that of non-user enterprises
for all technologies except email. In terms of labor productivity, however, the
time of adoption generally had no effect. Only enterprises that adopted email
before 1998 had a significantly higher turnover than other enterprises. The tech-
nology level became important in terms of the size of the turnover. Looking at
the mean ranks, there was a continuous increase in turnover as more advanced
technologies were used. For turnover growth, the only relevant difference was
whether or not the enterprise owned a fax machine. Enterprises that used a tele-
phone only, or a telephone and an external fax service, exhibited lower growth
than enterprises that, at minimum, owned their own fax machine.

Unsurprisingly, ICT use is more prevalent in small manufacturing firms
that have wider market reach. In these instances, ICT can lower the costs and
increase the speed of communication, offering a distinct advantage. The rela-
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tive importance of ICT becomes particularly clear for exporting enterprises.
There is ample evidence that export performance is related to ICT adoption.
Mueller-Falcke (2002) shows that operating in foreign markets is a determinant
of cellular phone, computer, and email use. Lal (1999b) shows in a survey of
Indian garment manufacturers that the degree of IT adoption is positively cor-
related with the export intensity of these enterprises (see the second case study
on India in this chapter). Nassimbeni (2001) examines the relationship between
exports and technology, using Italian small manufacturing firms. He concludes,
however, that the success of the business depends not only on the technologies
used but also on the application of intangible resources and competencies that
make the technologies work.

Conclusion

It appears that ICT use and labor productivity are positively correlated. On
average, labor in enterprises using ICT is more productive, and with increased
use of ICT, productivity also increases. No direct effect is observed, however,
for labor productivity growth. Given that productivity and productivity growth
do not depend on the time of adoption, evidence is lacking to confirm that ICT
use causes increased productivity.

ICT adoption is strongly related to turnover. Empirical evidence shows
that there is a relationship between ICT use and market reach, as well as
turnover growth. On average, ICT-using enterprises are larger and grow faster
than their non-using counterparts. This holds for nearly all the technologies
studied. Again, the level of adoption is the relevant factor rather than the time
of adoption. The move to owning a fax machine constitutes a growth threshold.
In the case of turnover and turnover growth, causality is questionable, although
the positive relationship between ICT use and growth may indicate that the
growth is caused by ICT use. Again, however, enterprises with wide market
reach have higher information requirements and can benefit more from the
adoption of ICT; they are therefore expected to adopt faster than their smaller,
locally operating peers. A simultaneous process, as it is proposed by other au-
thors, such as Nassimbeni (2001) for export performance, is most likely.

The other examined performance indicators were not generally related to
ICT use. Profit margins were not significantly related, although enterprises that
use pagers and cellular telephones appeared, on average, to have higher mar-
gins of growth than their peers. Thus, it can be assumed that profit margins de-
pend first on market position and the structure of relationships with customers
and suppliers. A wage surcharge was only observed for enterprises that used
email and cellular phones. Surprisingly, no significant surcharge was observed
for enterprises using computers, although a majority of entrepreneurs stated that
computer skills would attract higher wages. There was a tendency, however, for
computer-using enterprises to employ more graduates. The lack of indication
of better performance for early adopters over late adopters may stem from a



184  Gi-Soon Song and Dietrich Mueller-Falcke

categorization problem, although it is more likely that these effects do not exist,
or are not very strong. Karshenas and Stoneman (1993), for example, find no
evidence of advantages from early adoption. Mueller-Falcke (2002) shows that
adoption depends very much on the relative advantages and potential benefits
of lowering costs and increasing the speed of information flows. These proper-
ties would have a much stronger impact than the actual benefits of ICT use.

As pointed out earlier, the results presented in this study do not support
causality in the relationship between enterprise performance and ICT use. Never-
theless, a definite relationship exists, in that successful enterprises use more
ICT. Thus, applying and using ICT is an indisputable component of best prac-
tice for small enterprises even in developing countries. Entrepreneurs that aim
to develop their businesses should take due consideration of the potential ad-
vantages of ICT and the pressure toward adoption from partners at the differ-
ent levels of the production chain. In realizing the relative advantages of new
technologies, small enterprises can react much faster to technological change.
The high proportion of email-adopting enterprises in our survey illustrates this
point.!? Considering these dynamics, telecommunications, IT policy, and the
related regulations in developing countries need to be designed to facilitate easy
access to the latest technological developments even for small enterprises. As
described above, telecommunications policy clearly failed to meet this goal in
the 1990s. Limited competition within the telecommunications and IT sectors
kept prices high and service levels low, constraining mass deployment of new
technologies. This affected not only the telecommunications industry but also
other important areas of the economy, such as small-scale industry. Policies and
regulations that ensure early availability and fast rollout of ICT at low prices
are key to enabling small enterprises to adopt beneficial technologies early, even
with their limited resources. ICT enables small enterprises to keep pace with
industry developments, allowing them to stay competitive and defend their
position in national and international markets.

Does the Use of ICT Improve the Productivity of SMEs in East Africa?
The Case of Kenya and Tanzania
Francis A. S. T. Matambalya and Susanna Wolf

Despite the many potential benefits of ICT envisaged in related literature, little
empirical evidence exists to show how the diffusion and application of ICT can
positively affect economic competition and growth in developing countries.
This study, therefore, focuses on the role of ICT in SME performance to ex-

10. The adoption of ICT has the potential to raise awareness of general technological devel-
opments. Most of the entrepreneurs participating in the survey for this study who used the worldwide
web claimed to use it to obtain information on technologies in their area of business.
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TABLE 4.5 Basic economic and social indicators for Kenya and Tanzania,
2000 and 2002

Tanzania Kenya
Indicator 2000 2002 2000 2002
Population (millions) 337 352 30.1 313
GDP per capita, PPP (US$) 192 207 328 322
GDP growth (percent per year since 1990) 3.0 35 1.7 1.6
Industry value-added (percent of GDP) 16.0 16.3 19.0 19.0
Industry value-added (percentage growth per year 3.1 4.0 1.5 1.4
since 1990)
Trade in goods (percent of GDP) 242 273 46.7 43.6
Annual growth of exports (goods and services 94 8.5 1.6 2.1
since 1990)
Net primary school enrollment (percent) 49.8 5440 682 69.92
Net secondary school enrollment (percent) 4.8 na 23.1 24.07

SOURCE: World Bank (2004).

Notes: GDP indicates gross domestic product; na, that data were not available; PPP, purchasing
power parity.
22001 data.

amine how micro-level competitiveness is influenced by ICT, taking into ac-
count other influencing factors. Hence, the analysis incorporates the influence
of the overall resources, in terms of factor inputs like labor, physical capital,
and raw materials. In looking at two East African countries, Kenya and Tanza-
nia, the analysis focuses on a particularly marginalized region in terms of world
markets. Other specific characteristics of East Africa’s SMEs—such as their
small size, the comparatively short time they have been operating, their human
capital stock and profile, and their levels of investments in new technologies—
are included in the analysis.

East African Economies and SMEs

As stated, East Africa is a marginalized region in terms of economic production
and world trade. Nevertheless, there are remarkable differences between the two
countries studied (Table 4.5). Whereas Kenya is relatively more developed—
having twice the per capita GDP of Tanzania, a higher percentage of industry
value-added in GDP, and a higher school enrolment rate (especially at the sec-
ondary level)—Tanzania is the more dynamic country, with higher annual GDP
growth, industry value-added, and exports.

The three sectors chosen for the empirical analysis in this study—food pro-
cessing, tourism, and textile production—differ in importance to the two coun-
tries. In Kenya, food products account for the highest share in manufacturing
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TABLE 4.6 The manufacturing sector in Kenya and Tanzania, 1995

Indicator Kenya Tanzania
Total value-added (million USS), 1997 814 119
Food products (percent) 32 11
Textiles and apparel (percent) 7 19
Employment (thousands), 1995 199 157
Value-added per worker, 1995 4,025 767
Average wage (including benefits), 1995 1,251 238

sources: World Bank (2004) and United Nations (1997, 2003).

value-added, at 32 percent in 1995, while textiles were the largest manufactur-
ing sector in Tanzania that year, at 19 percent of value-added. Value-added per
worker was only US$767 in Tanzania compared with US$4,025 in Kenya, and
despite Tanzania’s larger population, employment in manufacturing was also
lower than in Kenya. Tourism is an important sector for both countries, although
more so for Tanzania. International tourism totaled US$739 million in Tanzania
in 2000 and US$730 million in 2002, compared with only US$276 and US$297
million, respectively, for Kenya (Table 4.6).}1

SMEs dominate Tanzania’s economy,!? not unlike the overwhelming
majority of developing economies. SMEs provide employment for more than
33 percent of the employed manufacturing workforce in Kenya and 32 percent
in Tanzania (Beck, Demirgiig-Kunt, and Levine 2003). SMEs also account for
a significant share of manufacturing GDP.

The dominance of SMEs in developing economies results from a variety
of factors. In particular, poor infrastructure creates isolated markets and limited
demand, best served through small-scale local production. Hence the majority
of small-scale producers are located in rural areas, absorbing workers when
seasonal agricultural employment is unavailable. Manufacturing demand is
largely focused on simple items that can be produced efficiently in cottage in-
dustries using minimal technologies (Liedholm and Mead 1987; Tybout 2000).
However, features unique to the business environment in developing countries
threaten the success of SMEs. Among these are limited access to manufactured
inputs (especially high-quality imported goods), low-quality infrastructure

11. In relative terms, Tanzania’s tourism industry, measured in gross international sales,
represented 57 percent of total exports in 2000 and 47 percent in 2002, whereas Kenya’s tourism in-
dustry represented 10 and 9 percent shares for the same years, respectively (World Bank 2004).

12. In dynamic terms, the influence of SMEs is underscored by several additional facts. SMEs
utilize local resources and exert little pressure on limited foreign currency reserves; they provide a
flexible and skilled production base; they facilitate access to new markets; and they are crucial to
rural areas (Mead and Liedholm 1998). SME:s also face severe competitive disadvantages because,
on average, they are less efficient, less productive, and their products are of lower quality.
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(including crime prevention and legal systems), and highly volatile macro-
economic conditions and prices. Low levels of human capital (particularly
workers with low secondary education and lack of technical skill), limit the
range of goods that can be produced and the ability of SMEs to absorb new tech-
nologies (Tybout 2000). The sample enterprises for this study cited negative
factors like unfavorable tax and business start-up regulations, difficulties in
terms of business financing and corruption, lack of reliable product markets,
and inflation as major obstacles to doing business (Matambalya and Wolf2001).

The Data

The data used in this study were collected from 150 SMEs in both Kenya and
Tanzania (300 total), distributed equally across the food processing, textile, and
tourism sectors.'® The data were collected between November 1999 and May
2000. Sample enterprises were randomly selected from the countries’ major
commercial corridors, based on two key considerations: their economic signif-
icance and their ability to proxy for developing-country SMEs.}# In Tanzania,
of the 144 enterprises that had consistently plausible data, 29 used no ICT, 13
used external telephone services, and the remainder invested at various levels
in at least one technology. Thirty-nine enterprises only used fixed line telephones,
and an additional 26 enterprises also used cellular phones. Five enterprises also
had fax machines but did not use PC-based communication technologies, while
less than one-third of the sample enterprises (45) used the Internet and email.
For Kenya, the picture is somewhat different than expected based on the coun-
try’s better overall infrastructure and higher development level. However, 37 of
the 151 sample enterprises used no ICT at all, and 18 enterprises used external
telephone services only. The majority of the enterprises that subscribed to tele-
phone services only used fixed line telephones, and only for communication; a
higher number of enterprises (25) used fax machines in Kenya than in Tanza-
nia, however.

In Tanzania 56.5 percent of the sample enterprises invested less than US$200
per year in ICT facilities like telephones, fax machines, and computers. This
places a high number of enterprises below critical mass in terms of ICT invest-
ments (although it should be noted that starting from such a low investment
base, the purchase of a single cellular phone could result in a comparatively

13. Thus, the weight of sectors in the sample is not proportional to their relevance for the
Kenyan and Tanzanian economies. This should be borne in mind in the interpretation of the re-
gression results.

14. The selected commercial corridors are the lake zone, the coastal zone, and the Arusha
region in Tanzania and the coastal zone and lake zone in Kenya, thus including rural and urban en-
terprises. As the quality of the answers in the questionnaire varies, the number of observations is
not the same for all areas. For financial data, in particular, the number of observations was reduced
because of missing values and implausible answers.



188  Gi-Soon Song and Dietrich Mueller-Falcke

TABLE 4.7 Enterprise characteristics by country and sector

Kenya Tanzania
Characteristics Food Textile Tourism Food Textile Tourism
Number of employees 243 8.7 18.7 14.1 9.1 12.0
Average years of staff schooling 11.0 10.6 12.0 9.1 9.6 11.5
Age of enterprise 10.0 10.7 113 6.2 7.8 8.2
ICT investment per employee (US$) 49.7  431.4 432.8 53.1 439 401.7
Percent of exporting firms 24.5 173 74.0 20.7 25.5 89.7
Percent of firms in capital 63.3 59.6 80.0 41.4 51.1 38.5

SOURCE: Calculated by authors from primary survey data (1999-2000).

high ICT investment share). This is one explanation as to why Tanzanian en-
terprises invest a higher percentage in ICT on average. The limited resources of
the enterprises and the high costs of procuring and using ICT seem to be the
major factors that hinder ICT diffusion. This explanation was given by 91 per-
cent of the enterprises that did not use computer-dependent ICT. Nonpossession
of computers was attributed to the high costs of hardware and software (80 per-
cent) and the high labor costs of computer-skilled employees (62 percent). In
addition, close to 72 percent of the sample enterprises did not see the value of
computer-dependent ICT. This could manifest from limited business skills, or
a product market in which lower order sources of competitiveness, like cheap
labor, still dominate (Matambalya 2003). Notably, in both countries, the work-
force in enterprises that do not use ICT or that only use the telephone have fewer
years of schooling; such enterprises are generally less export oriented and also
more labor intensive than the enterprises that use more advanced forms of ICT.

These differences can be explained in part by sector characteristics (Table
4.7). For example, average years of schooling are highest in the tourism sector
in both countries, and this corresponds to the use of more advanced ICT and
greater export orientation. Tourism enterprises are also older on average, while
enterprises in the food processing sector are larger. This stems from the dif-
ferent production structure in the food processing industry, whereby a greater
minimum capacity is required to achieve productivity.

Skill levels were also shown to be relevant in the survey. Education, for
example, improves the quality of human resources and increases enterprises’
ability to adopt advanced technologies, including ICT. Further, more highly
educated staff increase the ability of enterprises to deal with disequilibria, such
as changing factor and product prices (Shultz 1975; Weir 1999). Cognitive
skills also enhance the ability of entrepreneurs to access and use productivity-
enhancing knowledge, and to adopt more positive attitudes toward modern-
ization and risk-taking (Weir 1999).
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The Impact of ICT on SME Performance in East Africa

Diffusion of ICT in East Africa is low by international standards. Comparisons
with Sub-Saharan African averages emphasize this reality. In Tanzania, before
2000, the intensity of fixed line and cellular telephones was about one-third of
the comparable intensity for Sub-Saharan Africa. Rates were somewhat better
in Kenya for fixed line telephones, but the situation was worse for cellular
phones. Both countries have improved their access to [CT more recently, mainly
through the development of cellular networks. Fixed line service remains low
in both countries, however. Waiting times for fixed line phones are by far the
longest in Kenya compared with the rest of East Africa, increasing from 5.6 to
8.1 years between 1997 and 2000, and to over 10 years in 2002. Lack of fixed
line infrastructure also means that cellular phones can actually be more reliable
than fixed line telephones (Table 4.8).

Fixed line business telephone tariffs are relatively low. In Kenya the con-
nection and monthly subscription costs were US$30 and US$3.3 in 2000, re-
spectively, and US$29 and US$5.6 in 2002, respectively; in Tanzania the costs
were a little higher, at US$48 for connection and US$4.1 for subscription in
2000, and US$41 for connection and US$3.6 for subscription in 2002. This
compares with average European rates of US$117 for connection and US$9.7
for monthly subscription in 2000, and US$96 for connection and US$10.5 for
monthly subscription in 2002.

In East Africa, privatization of ICT infrastructure remains limited. Com-
petition exists in Kenya in the cellular phone and Internet markets, but the state-
owned fixed line service operator, Telkom Kenya, has not been privatized. An
independent regulator was established in 1999, giving Telkom Kenya exclusivity
within Nairobi until 2004, although three companies were granted Regional
Telecommunication Operator (RTO) licenses in 2000 to introduce competition
outside of Nairobi. In addition, two cellular telephone licenses were issued to
Safaricom (a semi-public subsidiary of Telkom) and Kencell Communications
Ltd. (a private company). Coverage has consequently improved substantially
since 2001 and the cellular network now covers most of the major towns in
Kenya. In Tanzania the situation is similar, although the fixed line service pro-
vider, the Tanzania Telecommunications Company Ltd. (TCCL), was privatized
in 2000.1% The sector is regulated by an independent regulator, the Tanzania
Communications Commission (TCC), which was established in 1994. TCCL
also provides cellular and paging services, but the cellular phone market is fully
competitive. The fixed line monopoly negatively affected service for both voice
telephony and the Internet in Tanzania, although cyber cafes, which are also
used by businesses, are prevalent.

15. Competition has yet to be realized, however. TCCL still operates a monopoly on the main-
land, while there is a duopoly in Zanzibar.
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FIGURE 4.2 Use of ICT in Kenyan small and medium-sized enterprises, 1990-2000
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source: Calculated by authors from a primary survey (1999-2000).
NotTE: The number of observations is 151.

The study sample indicates that ICT use by SMEs increased during
1990-2000 in both Kenya and Tanzania. As of 2000, fixed line telephone use
was still lower in Tanzania than in Kenya, in line with overall teledensity. The
share of firms using cellular phones was rising in both countries, and had al-
ready outgrown fax machine use in Tanzanian businesses, despite the late (1994)
introduction of cellular networks. Computers remain a relatively expensive in-
vestment for most SMEs; as of 2000 their use was slightly higher in Kenya than
in Tanzania and increasing slowly (Figures 4.2 and 4.3).

How might improved access to ICT affect the performance of SMEs in
Kenya and Tanzania? As discussed in the previous case study, flexibility is
considered a major source of competitive advantage for SMEs over larger en-
terprises. The use of ICT could enhance flexibility by creating faster, more re-
liable communication channels. Yet larger enterprises can benefit from this same
opportunity, in turn gaining their own competitive advantage. !¢ In general, com-
pared with larger enterprises, SMEs rely much more on informal information sys-
tems. Owner/operators are generally limited in their personal resources (in terms
of time, knowledge, and skills) so the Internet offers significant opportunities

16. See Brynjolfsson and Hitt (2000a) for a discussion of the interrelationship between in-
formation technology and organization.
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FIGURE 4.3 Use of ICT in Tanzanian small and medium-sized enterprises,
1990-2000
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when it comes to sourcing information and communicating with trading part-
ners and customers (Mueller-Falcke 2002). Nevertheless, other infrastructure
still needs to be in place, such as transport for the delivery of goods and a reli-
able banking system for the transmission of payments. With the use of ICT,
transaction costs could be lowered, in turn reducing the economies of scale as-
sociated with exporting. This could enable SMEs to expand beyond local mar-
kets, both nationally and internationally. On the other hand, reduced costs could
open the local rural markets traditionally served by SMEs to competition from
larger enterprises. This increased competition could force local SMEs to become
more productive if they are to survive.

As was established in the previous case study, few studies have analyzed
the effect of ICT on small enterprises in developing countries, in large part be-
cause of data problems. The survey conducted for this study elicited informa-
tion on the owner/operators’ perception of the benefits of ICT. Those enterprises
that used different forms of ICT rated their effects most positively (Figure 4.4).
Computer applications are perceived to considerably increase management
efficiency and competitiveness by 88 and 76 percent of users, respectively. The
majority of enterprises considered cellular phones to be the most significant
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FIGURE 4.4 Perceived effects of ICT
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contributor to regional market expansion, followed by fixed telephones and fax
machines.'’

Results

The increased use of ICT in enterprises observed in our sample (Figures 4.3 and
4.4) leads to a substitution of other forms of capital and labor for ICT equip-
ment and may generate substantial returns for enterprises that invest in ICT and
restructure their organizations. However, this does not necessarily imply that
TFP will increase.'®

To test for this we follow the methodology described in Appendix 4A, and
construct a simple model to measure the impact of ICT on output, including the
independent variables non-ICT capital (K), ICT capital (ICT), labor (L), other
production inputs (1), investment in ICT (ICT), and dummies for the use of dif-
ferent communication technologies like the telephone, fax machine, and Internet.

17. These data only include enterprises that use specified technologies, so they may be biased.

18. In fact, in industrial countries, the growth of TFP associated with technical change ac-
tually declined in parallel with the increased use of ICT in the last decades of the 20th century (Jor-
genson and Stiroh 1999).
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The estimation of the modified production function (Equation [2] of Ap-
pendix 4A) allows examination of the determinants of TFP. The results of the
regression analysis, which were obtained after excluding three outliers, are
shown in Table 4.9.1° A regression on the pooled data set was run to utilize the
larger number of observations, given that the number of observations in the
Kenyan data set was comparatively low. For this larger data set, two specifica-
tions of the regression equation were used. As productivity usually varies across
sectors, we also included sector dummies in the regression. In most cases, the
correlation coefficients between the independent variables are relatively low;
however, for non-ICT capital and material input, the coefficient is 0.703 (sig-
nificance at the 1 percent level) and for non-ICT capital and ICT capital it is
0.652.

The coefficients for labor, capital (ICT plus other), and other production
inputs sum to almost one for all regressions, implying that the assumption of a
Cobb-Douglas production function is plausible, and no economies of scale exist.?°

After the basic specification of the model (A) (where only the basic pro-
duction function of Equation (2) of Appendix 4A is estimated, controlling for
sectors and country), different variables that might affect productivity were
added. The investment in ICT has a negative sign in all the regressions, but the
coefficients are never statistically significant. This observation can be explained
by the relatively long time-span needed to make full use of ICT because of
the need to train employees and restructure the enterprise. Because computer-
literate personnel are scarce in both countries and enterprises have to train em-
ployees, it is not surprising that productivity falls with investment in more
expensive ICT. There is also some evidence that returns to investment in ICT
only accrue after a certain threshold is reached (Matambalya 2003). In addition,
because ICT in East Africa is more expensive than in developed countries, re-
turns to investment are lower.

However, when analyzing the impact of access to ICT approximated
through the use of fax machines, a significant positive correlation with produc-
tivity for both countries in all regressions where it is included (B, D, and E) was
found.?! This is consistent with Brynjolfsson and Hitt (1995), who identify a
positive effect of information technology on productivity. These results were
consolidated even further in a more recent study by Brynjolfsson and Hitt
(2000b), which again underscores the importance of IT for productivity growth.

19. The outliers differed by more than three standard deviations.

20. This finding confirms the enterprise studies on Ghana by Séderbom and Teal (2001),
which also found no scale economies.

21. Because most of the SMEs use several types of ICT concurrently, not all types of ICT
were able to be included within a single regression; hence ICT access was approximated by fax use,
which captured most of the variance of the other ICT variables (fixed line telephones, cellular
phones, and PCs).
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The mechanisms and direction of causality, however, are not clearly established
because firms that perform well may purchase additional ICT with their profits.
Therefore, as in their case, we cannot infer causality between firm performance
and ICT use, only positive associations.

In all regressions, the country dummy had a significant negative coeffi-
cient, meaning that Kenyan enterprises are less productive than Tanzanian ones.
This seems inconsistent with Kenya’s more advanced development level, yet its
less dynamic, adverse political environment may have had a negative impact on
productivity. In specification C, we introduced a market extension index (exp)
in the regression to capture the firms’ coverage of regional as well as export
markets for fax use. This index also has a significant impact on productivity,
which is in line with other findings showing that higher competition in foreign
markets forces enterprises to increase productivity. However, if fax use and
market extensions are simultaneously entered into the regression, only fax use
is significant (market extension becomes insignificant). This may be because
fax use is also a determinant of export orientation, given that only firms with
modern communications technologies are able to market their products inter-
nationally. In specification E, we combined determinants of productivity with
the Kenyan dummy to determine whether they have different effects in the two
countries. The effects of investment in ICT, fax use, or labor did not differ sig-
nificantly between Kenya and Tanzania.

The results of the regressions are fairly robust with respect to the variables
included. However, a number of variables that were expected to affect produc-
tivity were not significant and, hence, were excluded from the regressions.
Among these were the age of the enterprise and the skill intensity of the labor
force (measured by average years of schooling). Age usually affects productivity
because it is correlated with the experience of the owner/operator, and there-
fore proxies for human capital (Biggs and Srivastava 1996; S6derbom and Teal
2000). As the use of ICT is already associated with higher quality human cap-
ital, the effects of age and skills could be captured by the ICT variables. On the
other hand, older enterprises tend to use older technologies, so the two effects
could cancel each other out.

Conclusion

Analysis of the data on SMEs in Kenya and Tanzania indicates that ICT has a
positive impact on TFP. While no significant relationship between ICT invest-
ment and productivity was found, this only implies that ICT investment is no
more productive than any other investment in the short term. Based on the
analysis in the study, and reports by others, a positive effect of ICT is assumed
to occur once a certain threshold is met. Furthermore, given that only the use
of the fax machine had significant impact on productivity, the effect depends on
the appropriateness of the technology rather than on the total investment. As
was discussed in the previous case study, it is possible that the lack of a discern-
able effect from the use of ICT may simply reflect the time-lag before investments
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in these technologies begin to payoff. In addition, the sole focus on productivity
may be too narrow, and ICT may exert its influence through improved product
quality and service, and expanded networks.

Most African countries have ICT development plans and even e-commerce
programs in place (or they plan to develop them). The donor community is also
enthusiastic about the role of ICT in development, especially because it facili-
tates increased interaction by otherwise excluded societal groups. Nevertheless,
as our empirical results and other considerations show, the use of ICT is at best
one factor among many that improves firm performance. Therefore, ICT should
not be regarded in isolation. Access to credit, managerial and other skills, in-
frastructure, and the legal system are at least as important as information and
ICT. These factors should include not only general improvements to infra-
structure but also specific improvements in the quality and accessibility of ICT.

In terms of human capital, secondary schooling should be complemented
with vocational training about ICT skills (Matambalya 2003). Improved com-
munication networks could facilitate cooperation among SMEs in terms of
sharing best practice, general know-how, and management capabilities. This is
especially so because economies of scale do not appear to be relevant to the
three sectors involved, indicating significant potential for ICT to increase po-
tential economies of scale. Through an improved network, SMEs could, for ex-
ample, reduce the costs of imported inputs to enhance their competitiveness.

One important aspect of access to ICT is the high cost of devices and ser-
vices in many African countries. ICT sector liberalization and privatization will
be an important step in ensuring competition, thereby increasing ICT use across
societal groups. Special priority should be given to telecommunications infra-
structure, which is still generally lacking in rural and remote areas of developing
countries (see Torero 2000 and Chapter 3 of this volume). To increase access to
relevant information, ICT intermediaries, such as nonprofit organizations and
SME associations, could play a key role by adding value to their existing ser-
vices. Based on their existing awareness of the information needs of small en-
terprises, such organizations could facilitate the formation of networks to dis-
seminate information about best practice, market price at different locations,
source of supply of inputs, and so on. Dissemination of relevant government
information about regulations and support programs—through government
Web sites, for example—is another important factor. In addition to saving time,
publicly accessible information could increase transparency and reduce obstacles
to business operation.

The Impact of Telecommunications on Rural Enterprises:
The Case of Rural Laos
Arjun S. Bedi and Gi-Soon Song

Unlike some of the case studies in this chapter, which consider the impact of
more advanced ICT, this study focuses on the effect of access to fixed-line
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telephony on the economic performance of firms in rural Laos.?? While tele-
phony is the most basic form of ICT, the state of rural telecommunications infra-
structure in Laos makes the prospect of universal access an important factor in
the development of rural enterprises. This case study profiles the patterns of
telecommunications access, intensity of use, and expenditure among the sam-
ple firms, providing a sense of telecommunications diffusion in rural Laos and
an idea of the information needs of firms. It also provides an overview of the
benefits associated with access to basic telephony. In addition to this qualitative
analysis, a quantitative analysis of the link between economic performance of
firms and access to basic telephony is presented. For background information
on Laos and the development of its telecommunications sector, see the intro-
duction to the Laos case study in Chapter 3.

The Rural Telecommunications Project

As was discussed in the Laos case study in Chapter 3, the Government of Laos
embarked on a plan to promote rural telecommunications, prompted by regional
imbalances in telecommunications service (as well as other economic and se-
curity considerations). With the financial support of the German Development
Bank (KFW), the Rural Telecommunications (Rurtel) project was launched in
1992 (see ZEF 2001 and Chapter 3 of this volume for more details). The facil-
ities installed under the project have been heavily used by rural residents, yield-
ing revenues much higher than were projected in the feasibility study under-
taken for the project. Yet exactly how the Rurtel project influences behavior in
rural Laos is not well known. The purpose of this study is to fill that gap, thereby
obtaining a better understanding of the contribution of telecommunications
services to rural welfare, specifically in terms of the effects of access to tele-
phony on rural firms in Laos.??

The Data

Between May and September 2000, a survey of households and firms was car-
ried out in six sites in rural Laos. These sites were widely spread across the
country, and about 20 firms were randomly selected and surveyed from each
site. The survey was designed to evaluate various aspects of the Rurtel project,
so information was gathered on a variety of dimensions including firm perform-
ance (sales, expenditure on intermediate inputs, and profits), characteristics of
the firms (such as number of employees), and characteristics of the owner of

22. About 80 percent of the population resides in rural areas; hence many of the small and
medium firms are rural. The sample was drawn from six sites in rural Laos and collected information
on firms’ engaged in trading, manufacturing, construction, and services.

23. The impact assessment study was commissioned by the German Development Bank
(KFW), and the results reported in this case study form part of the overall report to KFW. For more
details of the impact assessment, see ZEF (2001).



The Economic Effects of ICT at Firm-Levels 199

TABLE 4.10 Descriptive statistics of surveyed firms, 2000

Variable Mean Standard deviation
Years in operation 6.83 3.14
Sales per month (US$) 7,850 25,557
Current value of assets (US$)? 41,498 124,932
Intermediate expenditure per month (US$)° 4,466 9,604
Value-added per month (USS$) 1,090 2,598
Value-added per employee per month (US$) 173 213
Assets per employee (US$) 4,601 7,923
Number of employees 8.33 23.8
Years of education of owner/operator 7.52 2.59
Years of experience of owner/operator 8.52 5.46
Owner/operator previously a government employee 0.429 0.497
1/0)
Number of observations 121

soURCE: Compiled by authors from primary survey data (2000).
aExcludes value of telecommunications-related investments.

bExcludes expenditure on telecommunications.

the firm (such as education and experience). Since the main aim of the survey
was to identify the effect of access to telecommunications on firm performance,
detailed information was collected on telecommunications expenditure, inten-
sity, and patterns of use, as well as on the information needs of the firms.
Table 4.10 provides key descriptive statistics for the sample firms. The sur-
veyed firms were drawn from three broad sectors: trading (72 percent), manu-
facturing and construction (32 percent), and services (33 percent). About 37
percent of the firms were engaged in more than one sector (hence sector shares
do not sum to 100 percent). Almost all the firms were privately owned (118 out
of 121). The average firm in the sample had been operating for about 7 years
and no firm has been in existence for more than 15 years. The average firm was
also quite small, employing about 8 workers (although this figure is a little mis-
leading because the distribution of employees was skewed). The median was
about two workers per firm, and 83 percent of the firms employed fewer than
10 workers. Average monthly sales were about $8,000, although once again the
distribution was skewed, such that the median monthly sales were around
$1,300. Since most of the sample firms were engaged in trading activities, ex-
penditure on intermediate inputs was quite high, and the value-added per em-
ployee was about $173 per month. In most cases the survey respondents were
the owners of the firms. On average, firm owner/operators had about 7.5 years
of education and about 8.5 years of management experience; a substantial pro-
portion (43 percent) were previously employed as government employees. This
large proportion may reflect the effects of the new economic mechanism (see
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the Laos case study in Chapter 3). Under this program, civil service retrench-
ments occurred during 1988-91.

Results

Table 4.11 provides an overview of telephone access, use, and related variables
among the surveyed rural firms in Laos. In terms of access, 41 firms (34 per-
cent) had a fixed line telephone installed at their premises and 55 firms (45
percent) used the telephone regularly but did not subscribe. Most of these user-
nonsubscribers had access to public calling facilities within 2 kilometers of
their businesses. The remaining firms did not use telephones. Among users,
services were used quite intensively. The average firm placed about three calls
per day and spent about US$44 per month on telecommunications. About 62
percent of these calls fell into the domestic long-distance category. In terms of
calling patterns, most users placed and received calls to gather information on
prices and availability of inputs, or on the output market.

In terms of benefits, respondents pointed out that compared with other
methods, telecommunications provided faster access to information, reduced
costs, and saved time. Further clues about the usefulness of telecommunications
were provided in responses to questions concerning telecommunications needs
and willingness-to-pay. Almost all the nonsubscribers (92.5 percent) indicated
their desire to subscribe to fixed line telephone services. Further, about 89 per-
cent of the nonsubscribers indicated their willingness to pay the current instal-
lation costs (US$100) and monthly fixed charges (US$1.3). Using willingness-
to-pay as a signal of service usefulness, at a minimum, the monetary benefits
associated with telecommunications access were equal to the costs of becom-
ing a subscriber. Overall, the patterns reported in Table 4.11 suggest that the
telephone was accepted as a useful business tool by the majority of surveyed
firms in rural Laos. These patterns, combined with the willingness to pay for
telephone subscription, lend support to the idea that firms derive considerable
benefits from access to telecommunications services.

Telecommunications and Economic Performance. While the previous sec-
tion supports the idea that firms derive benefits from access to ICT, the follow-
ing discussion directly explores the effects of telecommunications access on
economic performance. Ideally, our analysis would be able to identify a causal
relationship between access to telecommunications and indicators of business
performance. This is not possible based on available cross-section data because
it is likely that better-performing firms may simply use more telecommunica-
tions services as opposed to performing better because of them. It is also quite
possible that firms with better economic outcomes are more likely to use tele-
communications and that access to telecommunications further enhances their
petrformance.

Regardless (although not ideal), it is possible to use cross-section data to
evaluate whether differences in access to telecommunications services across



TABLE 4.11 A profile of telecommunications use by firms in rural Laos, 2000

1. Telephone access
* 41 (34%) Subscribers
* 55 (45%) Nonsubscriber users
* 25 (21%) Non-users
2. Use of telecommunication services
* 96 (79%) Fixed line telephony
* 28 (23%) Fixed line telephony and fax
* 4 (3.3%) Fixed line, fax, and cellular telephony

3. Duration of access 80 percent for at least 3 years
4. Cost of installation $204.8 (186.8)?
Sa. Monthly expenditure on
telecommunications $44.5 (114.5)
5b. Expenditure as a percentage of total
Expenditure 1.83 (4.57)2
6. Intensity of use
Average no. of local calls 24.3 (39)*
Average no. of long-distance calls 53 (69)*
Average no. of international calls 9.2 (25)2

6a. Telecom needs
* 74 (92.5%) of 80 nonsubscribers/non-users indicate desire for subscription.
6b. Willingness to pay
* 66 (89%) of 80 nonsubscribers/non-users indicate willingness to pay current
installation costs and monthly fixed fee.
7. Benefits of telecommunications
» Lower monetary and time costs as compared to alternative methods, allows
immediate feedback.
8. Information needs
* 102 (84%) mentioned input price and availability as rather or very important.
* 95 (79%) mentioned information related to output market as rather or very
important.
* Information related to the labor market/government policies were not rated as
important.
9. Telephone calling patterns
* 74 (77%) of 96 users call suppliers/buyers most frequently.
+ For 53 (74%) of 72 users suppliers/buyers are the most frequent callers.
10. Obstacles faced by enterprises
* 69 (63%) of 110 respondents mentioned lack of infrastructure as the main
business obstacle.
* 30 (43%) of these mentioned lack of roads as the primary drawback.
*+ 18 (26%) mentioned poor telecommunication services.
* 12 (17%) mentioned lack of electricity.

source: Compiled by authors from primary survey data (2000).
2Standard deviations.
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TABLE 4.12 Selected descriptive statistics, conditional on telephone access

Telephone Telephone user—
subscriber nonsubscriber Non-user
Variable €)) 2 3
Log sales per month® 8.650 7.243 6.488
(1.514) (1.260) (0.896)
4.534° 2.6243¢
Log value added per month 5.188 4.664 4.347
per employee 0.773) 0.911) (1.081)
2.682 1.443
Capital per employee 8,965 2,720 1,759
(12,166) (2,625) (2,638)
3.699 1.5154
Number of employees 18.65 3.36 232
(39.1) (2.08) (1.67)
0.7423 3.0522
Years of education—owner 8.14 7.76 5.96
(2.56) (2.42) (2.50)
0.3542 2.484
Years of experience—owner 9.39 8.96 6.12
(6.41) (5.46) (2.43)
2.907 2.199
Number of observations 41 55 25

source: Compiled by authors from primary survey data (2000).

NoTEs: The dependent variable is output (In). Standard deviation is shown in parentheses; #-statistics
are shown in italics.

¥Financial variables are reported in U.S. dollars.
bTest for differences between means are reported in columns 1 and 2.
“Test for differences between means are reported in columns 2 and 3.

firms is associated with variations in economic performance. Before turning to
our estimates, consider the descriptive statistics presented in Table 4.12. These
statistics are conditional on telephone access and clearly display that, compared
with nonsubscribers, firms with fixed line telephone services on-site employ
about six times as many workers, have substantially higher sales and value-
added per worker, and have three to four times more (capital) assets per em-
ployee than nonsubscribing firms. Differences in variables between firms that
use telephones but do have services on-site (nonsubscribers) and firms that are
non-users are not statistically significant. While it is possible that access to tele-
phony is responsible for some of the differences between subscribing and non-
subscribing firms, the magnitude of the differences suggests that firms with
better economic performance (higher capital per employee) are also more likely
to be telephone subscribers.
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Assessing Impact Using Production Functions. Following the methodol-
ogy described in Appendix 4A, we estimate the impact of ICT on sales using
Equation (2), as a short-run Cobb—Douglas production function. In this equa-
tion, we incorporate ( as the firm’s monthly sales, K for capital assets, [, for
expenditure on all intermediate inputs. Finally, ICT is decomposed in T, for
telecommunications-related capital expenditure and T, for telecommunications-
related expenditure.

All the variables are measured in terms of monetary units. Results based
on this specification are presented in column 1 of Table 4.13. The coefficients
reveal that a 10 percent increase in assets (in expenditure on intermediate in-
puts) is associated with an output increase of about 3.5 percent. The coefficients
on telecommunications-related capital and current expenditure variables are
small and statistically insignificant. The previous specification may suffer from
several weaknesses, as explained in Appendix 4A, so we complement the
analysis by measuring the impact of ICT on performance indicators, specifi-
cally the firm’s value-added per employee (VA/L).

Estimates of several regression variants of Equation (6) are presented in
Table 4.13, columns 2-5. The first specification reported in column 2 includes
only the two indicator variables. This specification yields the same information
as the descriptive statistics in Table 4.12, that is, there is a strong, positive, and
statistically significant correlation between subscriber firms and value-added
per worker. Column 3 reports the results of a specification that includes three
variables to control for the potential endogeneity between subscriber firms and
value-added per worker. Although it remains statistically significant at conven-
tional levels, the inclusion of these variables leads to a sharp reduction in the
coefficient on the telecommunications subscriber variable (a drop from 0.841
t0 0.577).

The results also show that the education and experience of an owner/
operator are positively associated with the economic performance of a firm. The
marginal effect associated with schooling is 7 percent and, with experience,
about 3 percent. The previous employment status of the owner has no bearing
on economic performance. So far the results suggest that access to telecommu-
nications has a fairly large and discernible effect on value-added per worker.
However, this may be misleading because we have yet to control for the cap-
ital endowment of firms. Estimates in column 4 examine the effect of tele-
communications access, controlling for capital per employee. There is a re-
markable change in these results. A comparison of columns 2 and 4 shows that
the coefficient on telecommunications services falls from 0.841 to 0.064 and
is no longer statistically significant. Column 5 presents results based on the
complete specification displayed in Equation (6). These estimates reveal the
same story as the results in column 4. There is no statistically significant im-
pact of telecommunications access on our measure of economic performance.
In fact the sign on these variables is now negative. Column 6 presents results
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TABLE 4.13 The effect of telecommunications investment, expenditure, and access on

economic performance

In In In In In
Insales  (VA/L) (VA/L) (VA/L) (VA/L) (VA/L)
Variable 6] @ 3 “ ) (6)
Constant 0.559 4.347 3.765 0.867 0.643 0.452
2.03 23.3 11.92 1.90 135 0.89
In assets 0.352
8.81
In telecom investment 0.0025
0.38
In intermediate inputs 0.537
144
In telecom inputs 0.043
1.26
In (assets/employee) 0.508 0.485 0.502
8.04 7.68 6.57
Telephone subscriber 0.841 0.577 0.064 —0.077 0.268
341 222 0.30 ~0.35 0.48
Telephone nonsubscriber 0.317 0.112 0.053  —0.071 0.091
139 0.48 0.29 -0.38 0.27
Years of education—owner 0.070 0.046 0.034
1.98 1.65 1.08
Years of experience—owner 0.032 0.021 0.017
1.90 1.55 1.24
Owner previously —0.071 -0.056 —0.003
government employee —0.39 ~0.39 -0.02
Generalized residual —0.129
-0.62
Number of observations 106 105 105 105 105 103
Adjusted R? 0.93 0.091 0.133 0.441 0.453 0.482

soURCE: Specified and calculated by authors from primary survey data (2000).
Notes: The dependent variable is output (In); f-statistics are shown in italics.

based on a formal procedure to correct for the potential endogeneity between

telecommunications access and economic performance.

This procedure is similar to a Heckman-type two-stage model (see Vella
1993 for details on the procedure). In the first step, we estimate an ordered
Probit model for telecommunications access. A generalized residual calculated
on the basis of these first-step results is included in Equation (6) to control for
endogeneity. The coefficient on the generalized residual is statistically insignifi-
cant, indicating that selection into subscriber status is not based on unobserved
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characteristics but depends mainly on observed characteristics. Accordingly,
the estimates based on this two-stage approach do not overturn the conclusions
reached earlier.

The results in columns 2—6 show that inclusion of the capital endowment
of a firm in the regression specifications leads to the sharpest changes in the
results. Inclusion of these variables leads to a complete dissipation of the tele-
communications access effect. The reduction in the access effect indicates that
firms with a larger capital base are more likely to be subscribers, and that, at
least on the basis of these cross-section data, there is no separate and identifi-
able effect of telecommunications access on economic performance.

Assessing Impact Using Matching Methods. It is possible that differences
in economic performance emanate primarily from subscription to telephone
services. We follow the method of matched comparisons, described in Appen-
dix 4A, to assess the impact of ICT on firm performance. Estimates displayed
in Table 4.14 present the results of an investigation that relies on a two-part
classification of telecommunications access. The first panel presents the ob-
served means and differences in means for subscribers and nonsubscribers. As
may be expected there is a large and statistically significant difference in these

TABLE 4.14 Telephone subscribers and differences in average value-added
per employee

Subscriber (treatment) Nonsubscriber (control)

1. Observed mean 5.188 4.560
0.773) 0.974)
Differences 0.628
(0.194)
3.226
2. OLS estimates -0.0226
Coefficient on subscriber 0.168
3. Kernel matching—mean 5.188 5.168
(0.12) (0.014)
Differences 0.0201
0.120
4. Nearest neighbour 5.188 5.117
Matching—mean (0.773) (0.689)
Differences 0.0716
0.272

sOURCE: Specified and calculated by authors from primary survey data (2000).

NOTES: The results reported are based on 32 subscribing firms and 73 nonsubscribing firms. The
number of matched control observations used to calculate the nearest-neighbor estimates is 14.
Standard errors for the kernel matching estimates are based on 50 bootstrap replications. Standard
deviations are shown in parentheses; ¢-statistics are shown in italics. OLS indicates ordinary least
squares.
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means. Panel 2 presents the coefficient on telephone subscribers from a regres-
sion specification that includes capital per employee and the vector of X variables.
The effect of being a telephone subscriber on value-added is not statistically
significant, and the sign is in fact negative. Thus, similar to earlier estimates,
there is no discernible effect of telecommunications access once the capital en-
dowment of a firm is included in the model.

Our prior investigation suggests that access to telecommunications de-
pends on observed characteristics, firms in our sample operate in similar envi-
ronments, and data on their operations were gathered using the same question-
naire. These points suggest that conditions for applying matching methods are
met, so the results should be credible in the current context. Among several
matching methods that may be used to create suitable control groups (Heck-
man, Ichimura, and Todd 1997), results based on kernel matching and nearest-
neighbor matching methods are presented in panels 3 and 4 of Table 4.14. Both
results reveal a similar pattern. There is no discernible difference between the
mean value-added for treatment and control groups. Once again, the pattern of
results indicates that telecommunications access does not influence the eco-
nomic performance of firms.

Conclusion

The majority of firms surveyed for this study used telecommunications services
quite intensively in their business operations. About 80 percent of the firms were
fixed telephone subscribers, reporting usage of almost 90 calls per month as of
2000. Based on interest in subscription and willingness-to-pay, their unmet de-
mand for telephone subscription appeared to be substantial. About 90 percent
of the households/firms that were not telephone subscribers expressed their
willingness to pay the current telephone installation fee and fixed monthly
charge for telephone services.

Despite these patterns of adoption and usage, formal analysis does not
support the argument that access to telecommunications services enhances eco-
nomic performance in firms. Regardless of the measure of economic performance
(sales or value-added per worker) or the methodology, no impact on economic
performance was detected through the use of telecommunications. Explana-
tions for these results are the same as those provided in the previous two case
studies in this chapter. First, data-related reasons may be relevant, such as mea-
surement errors in the independent variables. Second, given that most firms had
had telecommunications services for at least three years, any competitive ad-
vantage may have already been competed away, in which case cross-section
data would not detect an impact. Third, teledensity in Laos was very low (0.75
in 2000), and it is likely that access to telecommunications services only begins
to exert a discernible impact on economic performance once a minimum density
has been reached (see Réller and Waverman 2001 and Chapter 2 of this volume).
Fourth, while access to telecommunications services enhances information flows,
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conversion of this information into discernible economic effects requires the
presence of supporting and complementary infrastructure, such as roads (Can-
ning and Bennathan 2000; Van de Walle 2000). It is possible that the poor road
and transport system in rural Laos impedes the effect of improved communi-
cations. Finally, it may be that access to telecommunications does not exert a
quantitative impact but rather a qualitative impact, which is not captured by the
indicators used in this study.

Regardless of the reasons for the lack of impact, the analysis in this study
reveals that telecommunications have been widely adopted by firms in rural
Laos. Firms call frequently and use telecommunications as a primary means
of gathering information on input and output markets. Despite the absence of
a discemnible impact on sales/value-added per worker, there appears to be a
substantial effective demand for telephone services. Using this demand as a
measure of the usefulness of telecommunications service, it is clear that the
majority of firms in Laos view access to telecommunications as an essential
business tool.

ICT and Export Performance: The Case of Garment Manufacturing
Enterprises in India
Kaushalesh Lal

In recent years, outward-looking policies in many developing countries have
played a crucial role in their social and industrial development. Comparative
advantages based on natural resource endowments have been replaced by the
“acquired advantage” (Helleiner 1995). Many developing countries have been
able to acquire or strengthen their comparative advantage by adopting new
technologies and developing the skills to use them effectively (Noland 1997).
The role of technology and skill in influencing international trade has been em-
phasized, particularly in terms of the importance of technological differences
(Harrigan 1995; Moreno 1997). Moreno (1997) found that technology had a
significant effect on the evolution of Spanish industrial exports, suggesting that
nonprice factors such as product quality and differentiation exert a significant
influence on international competitiveness. A partial survey of literature by Bedi
(1999) on the role of ICT in economic development suggests numerous benefits
from its adoption, including increased employment and productivity, consumer
surplus, and improved product quality.

Recognizing the contribution of ICT to the operations and performance of
firms, this case study focuses on the impact of ICT on international trade. The
effect of ICT adoption on export performance is explored with reference to gar-
ment manufacturing SMEs in India. Linkages in the adoption of ICT in SMEs
and large firms are also considered. See Appendix 4C for a presentation of the
theoretical framework devised for this case study, along with the major hypothe-
sis tested.
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The Data

Data for the study were drawn from 74 garment-manufacturing firms covering
two-thirds of all garment-manufacturing firms in Okhla, Delhi (randomly
chosen from a directory published by the Okhla Entrepreneurs Association).
Although garment manufacturing occurs in four separate areas of India, the
pattern of ICT adoption is deemed to be the same in all; this was confirmed by
numerous firms in the study sample that had operations in more than one area.
Hence, the sample is considered to be representative of garment-manufacturing
firms in India. Several qualitative and quantitative variables, such as intensity
of ICT adoption, profit margins, skill intensity, wage rates, quality of raw ma-
terials, and entrepreneurial abilities, were needed for the analysis. A semi-
structured questionnaire was prepared to collect historical, financial, employ-
ment, and technological data from the sample firms. Data on performance and
international orientation as well as qualitative data on the entreprencurial abil-
ities of the firms’ managing directors were also collected.

Entrepreneurial abilities were viewed in terms of the importance the man-
aging director assigned to flexibility in product design, international competi-
tiveness, delivery schedule, and fabric-saving advantage of IT.24 The managing
director’s opinions regarding these variables were expected to play a significant
role in influencing the export performance of sample firms. The fabric-saving
advantage was considered to be crucial for price-competitiveness, whereas
other variables augmented the nonprice competitiveness of firms. The cost of
fabric accounts for roughly 50 percent of the total manufacturing cost of a gar-
ment. It was found by Hoffman and Rush (1988) that IT tools used for cutting
the fabric could save up to 10 percent of the fabric cost.

For the purpose of analyzing the export performance, firms were classified
based on their market preferences. Firms that operated in domestic markets were
classified as domestic-market-oriented units (DMOUS); firms that operated solely
in export markets were classified as export-oriented units (EOUs); and firms
that operated in both markets were classified as domestic-market and export-
oriented units (DMEQUSs). At the time of the survey, garment-manufacturing
firms in India had mainly adopted ICT in the design and preassembly stages of
the manufacturing process. The specific technologies in use were

1. integrated management information systems (IMIS);

2. computer-aided design (CAD) integrated with marker maker systems
(MMS);

3. CAD integrated with high-resolution scanners, used for embroidery; and

24. Fabric-saving in the sense that computerized cutting maximizes fabric use.
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4. Internet and email, used to obtain information and communicate with sup-
pliers and foreign buyers.

Aside from quantitative data, we also collected qualitative data to assess
the impact of entrepreneurship on the performance of firms. The qualitative
variables include the academic qualification of managing directors, the impor-
tance assigned by managing directors to flexibility in designing garments, the
fabric-saving advantage of IT, product quality, proximity of raw material sup-
pliers, international competition, market networks, and delivery schedule. Opin-
ions on these variables were measured on a three-point scale, on the basis that
the variable (1) was not important, (2) was important, and (3) was very important.
With regard to the qualifications of managing directors, those with education
below the postgraduate level were assigned the lowest rank, 1. Managing di-
rectors with postgraduate degrees were given the next higher rank, 2; and those
with bachelors degrees in accounting, engineering, and law, for example, or mas-
ters degrees in business administration were assigned the highest rank, 3.

Results

A simple analysis of the data collected indicated that, at the time of the survey,
firms were using ICT tools mainly at the preassembly stage for design, grad-
ing, and marker making. CAD systems manufactured by Gerber Garment Tech-
nology (GGT), a United States-based company, were very popular in India.
Fourteen sample firms were using the GGT system; however, a few sample firms
were using simple CAD systems. Firms that manufactured garments with em-
broidery were using an I'T-based system that consisted of a very-high-resolution
CAD system integrated with a scanner. Many of the sample firms were using
an integrated management information system (IMIS) for office automation.
Five sample firms were not using ICT, even for office automation.

Firms were also using email and Internet facilities to obtain the latest mar-
ket trends and to download the designs provided by the foreign buyers. The
Government of India had encouraged access to the Internet by providing such
facilities at nominal cost. It was found to be very useful for smaller firms that
could not afford email and Internet access at their plant premises. Internet fa-
cilities in Delhi were provided by the Apparel Export Promotion Council, and
in Tiruppur by National Informatics Centre. Firms were categorized in three
groups depending on the intensity of ICT use. Firms that were not using ICT
(even for office automation) were given the lowest rank, 1, and are identified as
non-IT firms. Firms that were using IT in nonproduction activities only were
assigned the next higher rank, 2, and are identified as IT-n firms. Firms that were
using IT tools in production as well as nonproduction activities were assigned
the highest rank, 3, and are identified as IT-p firms.

The managing directors of several firms stated that they also had a plant at
Tiruppur, Mumbai, and Bangalore and that the pattern of ICT adoption did not
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TABLE 4.15 Correlation matrix

Variable EXP_INT IT_DUMMY  WRATE FLEX RAWMAT IT_INV
EXP_INT 1.00

IT_DUMMY  0.455284

WRATE 0.261437 0.202945

FLEX 0.355836 0.395481 0.088134

RAWMAT 0.265657 ~0.07146 ~0.11125 0.166582

IT_INV 0.594707 0.721605 0.236995  0.471776 0.05729 1.00

soURCE: Specified and calculated by authors from primary survey data (2000).

differ significantly among garment manufacturing clusters in India. Therefore,
sample firms may be treated as representative of Indian garment manufacturing
firms.

Impacts of ICT on Performance. Following the methodology proposed in
Appendix 4A for measuring the impact of ICT on performance when the depen-
dant variable is a ratio, we construct a model to assess the impact of independent
variables on export intensity. Following several existing studies (Hughes 1986;
Aitken, Hanson, and Harrison 1997; Moreno 1997), we estimate the impact of
the IT adoption level (IT_DUMMY), the monthly wages paid (WRATE), the
ratio of raw material expenditure to sales turnover (RAWMAT), and the design
flexibility (FLEX) on export intensity (EXP_INT), measured as the ratio of ex-
ports to total sales turnover.

The correlation matrix of all the variables is presented in Table 4.15, the
results of the estimation using Tobit are presented in Table 4.16, and the results
of a third estimation replacing the IT_DUMMY with investment in ICT are
presented in Table 4.17.

The intensity of ICT adoption was shown to play a significant role in the
export performance of the sample firms (see Table 4.16). Wakelin (1997) found
that export performance is determined by firm- and industry-specific charac-
teristics. The arguments neither dispute the factor intensity theory nor challenge
the theory of comparative or competitive advantage. Nevertheless, technological

TABLE 4.16 Maximum likelihood estimated with Tobit model IT_DUMMY)

Variable Coefficient T-ratio Significance Variable label
IT_DUMMY 0.80268 4.062 0.00005 Level of IT adoption
RAWMAT 1.48140 2.559 0.01051 Quality of raw material
FLEX 0.60270 2.510 0.01207 Flexibility in design
WRATE 0.64418 2.371 0.01773 Wages per month

Log-likelihood: 60.70238

SOURCE: Specified and calculated by authors from primary survey data (2000).
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TABLE 4.17 Maximum likelihood estimated with Tobit model (investment in ICT)

Variable Coefficient  T-ratio Significance Variable label

IT_INVESTMENT 0.07745 1.727 0.08415 IT Investment

RAWMAT 1.34760 2.103 0.03549 Quality of raw material
FLEX 0.58923 2.128 0.03337 Flexibility in design
WRATE 0.59078 1.918 0.05516 Wages per month

Log-likelihood: 66.95676

source: Specified and calculated by authors from primary survey data (2000).

innovation and adoption have been widely used to explain variations in export
performance. In science-based sectors, for example, innovative capacity is highly
important, whereas in labor-intensive industries, such as clothing and foot-
wear, technologies are the crucial factor (Freeman 1982; Pavitt 1984; Hirsch
and Bijaoui 1985; Dosi, Pavitt, and Soete 1990; Abd-el-Rahman 1991). Con-
sidering the labor-intensive nature of the garment industry, the findings of this
study are consistent with existing literature that explains differential trade per-
formance in terms of technological capacity.

The results show that the EOU expenditure on raw materials was higher
than DMOU expenditure, implying better quality raw materials and consequently
better quality products overall (Keesing and Wolf 1981; Hoffman and Rush
1988). Product quality generally affects export performance (Cohen 1975). For
example, a foreign buyer in the garment industry might insist on the use of a
particular fabric or raw material not manufactured in India, requiring the EOU
to use imported materials. This is an issue that a firm in the domestic market
would not encounter. NEDO (1971) and Keesing and Wolf (1981) predicted
that the garment manufacturing industry may experience a shift from developed
to developing countries because of the abundant unskilled labor available in
developing countries—although the quality of the fabric may also play a role.
These arguments are supported by the findings of this study.

The impact of wage differences on export performance has been analyzed
by several scholars, leading to the conclusion that export-oriented firms pay
higher wages than other firms (Wakelin 1997). Bernard and Jensen (1997), who
included U.S. apparel-manufacturing firms in their sample, obtained the same re-
sults. Findings are also similar in the case of Indian garment-manufacturing firms.
Wage differences can be attributed to the unique skill of the designers, pattern-
makers, and graders employed, most of whom inherited the profession along with
the necessary levels of skill and creativity. As a result, these individuals com-
mand high salaries, and, understandably, EOUs cannot afford to lose them. In
addition, although garment manufacturing firms in India rarely use IT in the as-
sembly of garments, they do employ highly skilled and efficient tailors to en-
sure quality. For these reasons, EOUs must pay higher wages to their employees.
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The results also show that the managing directors of EOUs considered
flexibility in garment design to be very important. This is not surprising, given
that design trends in international markets change far more rapidly than those
in the domestic market. The significant contribution of CAD in increasing flex-
ibility in product design has been reported by many scholars (Faulkner 1980;
Hoffiman and Rush 1988; Lal 1996). Patternmakers and graders can easily mod-
ify patterns for garments on their computers using a CAD system, and new pat-
terns can be sized and reproduced with a minimum of computer keystrokes.
Similarly, patterns are graded with the use of a mechanized plotter that traces
the pattern onto mounted paper rather than through a costly and methodical
process of manually tracing cardboard templates. EOUs could not survive using
such manual methods.

ICT Adoption: The Linkages between Large Firms and SMEs. The inten-
sity of ICT adoption is significantly higher in export-oriented firms compared
with those operating in domestic markets. The positive relationship between the
size of a firm’s operation and its export intensity suggests that large firms have
adopted more advanced ICT. This does not reveal, however, whether the adop-
tion of ICT by large firms is linked to the intensity of adoption of ICT in smaller
firms, nor does it demonstrate the effect of ICT on employment in a labor-
intensive industry like garment manufacturing. To explore these two issues, two
firms were selected from the top five garment-exporting firms in India since
1991. A detailed technological profile and performance of these firms follows.

Gokaldas Images. At the time of the survey for this study, Gokaldas Images
was one ofthe top three garment-manufacturing firms in India, having maintained
the number two position for several years. Both the corporate office and 18 man-
ufacturing plants were located in Bangalore, and performance had consistently
improved since the firm’s establishment in 1972. The firm had used CAD/CAM
(computer-aided design and manufacture) since 1995, and a local area network
(LAN) had been installed in the corporate office in 1997, along with email ac-
cess. All the manufacturing plants were connected via an intranet using an
integrated services digital network (ISDN). The firm adopted the latest garment-
manufacturing technology as it became available. A general sewing data (GSD)
system had been imported from the United Kingdom in 1999 and installed and
integrated into the firm’s intranet—a strategy that was deemed highly useful in
planning and monitoring manufacturing activities among the various plants.

The firm had recently implemented a form of enterprise resource planning
(ERP) software, STAGE, which had been exclusively developed in India for
export-oriented garment-manufacturing firms. The firm’s management believed
that the electronic procurement and electronic data interchange (EDI) modules
of STAGE software were likely to have a significant impact on the firm’s oper-
ations. The Internet was used to interact with foreign buyers and other business
partners. Despite severe competition in international markets, especially from
China, the firm had been able to improve its performance. The compound an-
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nual growth rate (CAGR) of sales turnover has been 19.56 percent since 1994/95,
while employment has increased at 10.49 percent per year over the same period.
Sales turnover was Rs. 1,506.97 million in 2000/01 (US$32.6 million). The
firm’s management believed that survival in international markets very likely
depended on the use of the latest technologies; they did not report any adverse
impact on the firm through the adoption of new ICT.

The firm did report, however, that the adoption of ICT in nonmanufactur-
ing activities had created pressures in obtaining appropriate raw materials and
accessories from their suppliers, so the firm had arranged to have email and In-
ternet facilities installed in the supplier’s premises to improve the coordination
of activities. Subcontracting is very common in the garment-manufacturing
industry in India, and a number of small firms provide specialized services to
large export firms. Although the intensity of ICT adoption by small firms is
comparatively low, this firm had influenced its supplier to adopt ICT.

Sonal Garments. This multiplant firm began operations in 1976. As of
2000/01, it had manufacturing plants in Bangalore, New Delhi, Salem, and
Tiruppur. The firm’s corporate office, located in Mumbai, was fully computer-
ized, including a LAN, but the manufacturing plants were not linked via an
intranet. Business activities were being coordinated through the Internet, and
the firm had a Web site. The firm used remote login technology to interact with
foreign buyers. The firm’s electronic business technology consisted of the LAN,
the Internet, a CAD/CAM system, and the company Web site. The management
of the firm admitted that pressure from buyers had been the driving force in the
adoption of the new technologies. The firm used the Internet effectively to
search for new buyers and submit bids for new contracts. Management believed
that these technologies had made a visible contribution to the firm’s perform-
ance. Sales turnover was Rs. 1,088.35 million in 2000/01 (US$23.5 million),
having grown at 8.41 percent per year since 1994/95; the CAGR of employment
was 4.45 percent per year over the same period.

Management claimed that, in addition to contributing to product design
and employee productivity, the adoption of remote login technologies had re-
duced transaction costs by around 30—40 percent. The company had not been
able to link its manufacturing plants because of their geographic distribution;
doing so would require an investment in telecommunications at a magnitude
that was unlikely to be economically viable. Like all the sample firms, Sonal
did not perceive any negative impact on either the firm or its workforce from
the adoption of ICT. Sonal had also engaged several small subcontracting firms
to supply raw materials and accessories. Unlike the situation with Gokaldas,
Sonal’s suppliers were located in different cities, so email and Internet access
were considered imperative to daily operations. Sonal’s management did not
consider that they had compelled their suppliers to adopt these technologies,
but rather that the majority of subcontractors had made the decision themselves.
Activities related to the purchase of raw materials were centrally monitored
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through the firm’s corporate office, an efficiency that would not have been pos-
sible had the subcontractors not adopted the necessary ICT.

Conclusion

Results of the analysis in this case study show that the intensity of ICT adop-
tion is the most significant variable influencing export performance of firms.
Export-oriented garment-manufacturing firms appeared to have adopted more
advanced ICT to meet international standards for product quality and design
flexibility. Other important variables influencing firms’ export performance were
expenditure on raw materials (used as a proxy for product quality) and wage
rates. The importance that managing directors assigned to flexibility in product
design was also significant. These results are consistent with earlier studies
(Soete 1987; Hoffman and Rush 1988; Bernard and Jensen 1997).

The case studies on two of the top five garment-exporting firms suggest
that the benefits of ICT adoption can be better harnessed when business part-
ners (suppliers and buyers) also adopt relevant technologies. Based on these
results, in order to remain competitive in international markets, Indian garment-
manufacturing firms should adopt the latest ICT available. As of 2000/01, 74
percent of exports were in countries where India had a quota (as established
under a multifiber arrangement [MFA] in 1974; WTO 1996). The MFA set quo-
tas for different categories of apparel and textile imports to the United States
and European Union with the result that these markets were reserved for Indian
products. This protection has been phased out, however, and ceased as of Jan-
uary 1, 2005, in accordance with negotiations under the Agreement on Textiles
and Clothing at the Uruguay Round of the WTO. Consequently, the importance
of appropriate IT-based production systems has increased, making stronger
adoption and use of ICT a valuable step in enhancing competitiveness.

Appendix 4A: Overview of Methodology

Several methods can be used to examine the interaction between ICT and firm
performance. All methods have the same objective, but they measure perform-
ance differently: through the impact on sales, specified firm performance indi-
cators, and performance ratios, and through the use of matching methods to
measure changes in performance.

Measuring the Impact of ICT on Sales

Well-established literature uses the canonical Cobb—Douglas production func-
tion to examine the effect of ICT-related inputs on firm output (sales).?> While
this approach may be criticized for ignoring the potential endogeneity be-

25. See, for example, Brynjolfsson and Hitt (1996) for a review and a recent application,
relying mainly on data from the United States.
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tween some of the input variables and output, it permits comparisons and
serves as a useful starting point for further investigation. Accordingly, a short-
run Cobb-Douglas production function is first estimated. This production func-
tion is as close as possible to the type of specifications that have been used to
evaluate the links between firm performance and ICT (Brynjolfsson and Hitt
2000b; Soderling 2000; Séderbom and Teal 2001),26 that is, we estimate the
equation:

0,= b Txh. ()
J=1

This equation expresses the production level (Q) as a function of all the differ-
ent inputs (X) that intervene in the production process. Taking logarithms, this
equation can be easily estimated as follows:

In(Q,) = B, + ByIn(L,) + B,In(K,) + B,In(ICT) + . ..+, @)

Since we are interested in the impact of investment in ICT on productivity, we
divide capital into ICT capital (/CT) and other capital (K). A shorter function
specification would only include L, for the firm’s labor force, K for its capital
assets, ICT for its level of ICT, plus a random disturbance (j1). The Ps are the
coefTicients to be estimated, representing production input elasticities (the per-
centage change in the production level resulting from a percentage change of
an input).?’? Similar results can be obtained through more complex models in-
cluding additional production inputs or the disaggregated inputs, such as the
separation of total labor into skilled and unskilled categories. Finally, for Cobb—
Douglas production functions to be satisfied (and the results correct), all Bs
must sum to one, representing a constant return of scale function.

Measuring the Impact of ICT on Performance Indicators

As mentioned earlier, specification (1) can suffer from several drawbacks. First,
it ignores the potential endogeneity between expenditures on variable inputs
and output. Second, although the specification does control for current expen-
diture it would be interesting to account for firm size (differences in the num-
ber of employees per firm). Finally, a performance indicator could well be a more
appropriate measure of economic performance than sales turnover. Using value-
added as a more appropriate measure of economic performance than sales, a
short-run Cobb-Douglas function can be defined as follows:

VA =AK®LY, 3)
where VA is value-added (output less intermediate expenditure), 4 represents

the level of technology (ICT), X stands for the capital assets, and L is the

26. The Cobb-Douglas functional form is assumed for simplicy and to address the scarcity
of information.
27. The coefficient of interest in this case is 3.
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number of employees. This equation can easily be estimated by dividing Equa-
tion (3) by L and taking logs:

In(VA/L) = In4 + o In(K/L) + (0. + y— Dln.L. @)

If the production function exhibits constant returns to scale (a Cobb—Douglas
assumption), the coefficient on In L will be zero. Consequently, Equation (4)
may be rewritten as?®

In(VA/L) = In4 + o In(K/L), (5)

where In 4 represents ICT and is a function of observed variables, such as ac-
cess to telecommunications services (ATS), and unobserved variables are rep-
resented by a random error term, [L. With these adjustments Equation (5) may
be rewritten as

In(VA/L) = B, + B,ATS + o In(K/L) + . (6)

While Equation (6) is an improvement over Equation (1), it still suffers from
a potential endogeneity problem. The state of telecommunications access of
individual firms and value-added may be jointly determined. One strategy to
tackle this problem is to include variables that are likely to influence access to
telecommunications services in Equation (6). If access to telecommunications
services depends only on observed variables, then their inclusion in Equation
(6) should reduce any endogeneity problems. The augmented specification may
be represented as

In(VA/L) = B, + B,ATS + B, X + o In(K/L) + u, @)
where X is a vector of the three additional variables.

Measuring the Impact of ICT on Performance When the Dependent Variable
Is a Ratio

Similar to the first estimation presented in this appendix, a model for the effect
of an n set of variables on firm performance can be described as follows:

=B, + ZBInCY,) i, ®)

where Y represents a performance indicator calculated as a ratio of exports to
total sales turnover, and X represents all variables that have an effect on perform-
ance, such as level of IT adoption. The main difference between this specifica-
tion and the one above is that the dependant variable only takes values between

28. Specifications that include log-labor consistently show that the coefficient on this vari-
able is not different from zero. This finding supports the hypothesis of constant returns to scale.
Accordingly, we rewrite Equation (3) excluding the log-labor term.
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1 and 0. It is therefore necessary to apply a censored regression model to ob-
tain the correct outcomes (a Tobit model).

Measuring Impact Using Matching Methods

An alternative approach that may be used to estimate the effect of ICT on firm
performance uses matching methods. So far, we have treated telecommunica-
tions access as a three-state variable (that is, no access, access, and level of IT
adoption), but it is possible that differences in economic performance emanate
mainly from whether or not a firm is a telephone subscriber. If this is the case, it
would be appropriate to treat telecommunications access as a two-state variable
and to divide firms into those with telephone subscriptions and those without.

Hence, the approach is to compare the average value-added per employee
of firms (as an instrument for a possible outcome of access to IT) with tele-
communications access (the treatment group) to that of firms without telecommu-
nications access (the control group). This approach works well if selection
into treatment and control groups depends mainly on observed characteristics
and the distribution of unobserved attributes is the same across treatment and
control groups (for details see Rosenbaum and Rubin 1985 and Heckman,
Ichimura, and Todd 1997). There are two additional conditions that help to en-
sure consistent comparisons: information on treatment and control groups should
be gathered using the same questionnaire, and the two groups operate in a com-
mon environment.

Appendix 4B: Supplementary Tables, the Case of Small-Scale
Industry in India

See tables on pages 218, 220-226.

Appendix 4C: Methodology and Theoretical Framework:
The Case of Garment Manufacturing in India

It is argued that the export performance of firms is significantly influenced by
internal and external factors. These factors induce changes in production pro-
cesses that result in efficient utilization of inputs and improvements in product
quality. Since EOUs are expected to use high-quality raw materials to compete
in world markets, the unit isoquants of EOUs and DMOUSs are likely to be dif-
ferent. We first theoretically discuss the impact of internal and external factors on
isocost and isoquant curves of garment-manufacturing firms. External factors
are the tariff structures of buyer countries, the MFA quota, and technological
profile of firms in competing countries. A strong technological profile of com-
peting firms—that is, the use of latest technologies—is likely to compel Indian
firms to adopt similar tools. Therefore, the degree of adoption of ICT is viewed
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as an external factor. The impact of tariffs and MFA quotas will be the same on
all firms. Hence, these factors are not included in the model. Internal factors are
basically the production factor intensities and prices, the quality of raw materi-
als, and export subsidies. Being the same for all firms, export subsidies are also
not included in the model. The model concentrates mainly on the impact of in-
tensity of ICT adoption, the quality of raw materials, and the abundant unskilled
labor on the export performance of firms.

Intensity of ICT Adoption

The technological evolution occurring in this industry over time has created
tremendous pressure on Indian firms to adopt new technologies. The techno-
logical development in the world market mainly affects export-oriented firms.
Garment-exporting firms are compelled to adopt new technologies to remain
competitive in global markets. Figure 4C.1 presents the unit isoquant curves of
EOUs and DMOUs in H-L space, where skilled labor/human capital is H, and
unskilled labor, L. Unit isoquant curves of EOUs are shown by IQ_, (i = 1,2),
whereas 1Q, is the unit isoquant curve of DMOUSs. The unit isocost lines are in-
dicated by ICJ.( j=12).

If » and w are payments for skilled and unskilled workers, then the unit
isocost line can be written as

| =rH+wL or H= 1/r — (Wk)L.

If factor intensities do not change, and assuming a price equal to the marginal
cost and constant returns, the tangential unit isocost line will represent the
equilibrium.

As can be seen in Figure 4C.1, the line joining points 1 and 2 is the unit
isocost line at initial equilibrium. In terms of export-oriented firms, suppose that
EOUs adopt ICT tools that both improve quality and increase the productivity
of labor. The resulting unit isoquant curve of these firms shifts inward. The
new isoquant curve of EOUs is shown by IQ_,. This results in a reduction of
unskilled labor in export-oriented units. The new equilibrium is attained at points
3 and 4. Therefore, as the result of ICT adoption, the slope of the new unit iso-
cost, IC,, decreases. Export-oriented units may improve or retain their share in
the export market due to lower production costs and better quality products.
However, the impact on DMOUs is akin to that of an increased supply of un-
skilled workers. This is because the reduction in demand of unskilled labor by
EQUs leads to an excess supply of unskilled workers. Mathematically, this can
be represented as follows:

{~w)| > | w'ir) & wh>wir’,

where w’ and #’ are the costs of one unskilled and skilled worker, respectively,
in new equilibrium. Since w’ < w and »’ > r, the gap between factor prices
increases.
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TABLE 4B.2 Comparison of mean ranks

Growth of
labor Net profit
Labor productivity, margin,
productivity, 1997/98- 1998/99
Type of Status/ 1998/99 1998/99 (percent of
technology adoption time (US$) (percent) turnover)
Comparisons between user and non-user groups
Fax machine Non-use/use 102/144** 122/112 109/117
Pager Non-use/use 119/140** 117/113 112/115
Cellular phone Non-use/use 111/155%* 119/109 109/121
Computer Non-use/use 109/136** 125/111 109/116
Email Non-use/use 115/147** 118/113 115/111
Comparisons between user groups according to time of adoption
Fax machine Until 1992/1993-96/1997 64/66/59 55/56/66 72/57/71*
Pager 1994-95/1996-97/1998 54/44/38 47/43/33 51/45/36
Cellular phone 1995/1996-97/1998 45/47/43 45/43/38 51/44/46
Email 1995-96/1997/1998 50/55/35** 33/37/37 42/41/41
Comparison between usage levels
Telephone 79 93 85
+ Fax (office use) 84 125 103
+ Fax machine 99 102 102
+ Computer 110 95 103
+ Email 121** 88

SOURCE: Calculated by authors from primary survey data (1999).
Notes: *Indicates significance at the 10 percent level; **indicates significance at the 5 percent level.

Intensity of Unskilled Labor

Isocost and isoquant curves of EOUs and MDOUs are depicted in Figure 4C.2.
IQ, is the unit isoquant of EOUs, and IQ dj( Jj = 1,2) represents the isoquant of
MDOUs. IC,(k = 1,2) represents the two different unit isocost lines. IC, rep-
resents the initial equilibrium.

The availability of excess unskilled labor reduces the price of Z, that is, w.
Consequently, there is an outward shift of the unit isoquant curve of DMOUEs.
The new equilibrium is represented by isocost line IC,. The new unit isocost is
traced by joining points 1 and 3. As shown in Figure 4C.2, IC, is flatter than
IC,. Consequently, the relative factor price (unskilled labor) is lower in the new
equilibrium. We may conclude, therefore, that the abundance of unskilled labor
leads to substantial wage differences between the two types of firms. The net
effect is the greater disparity in wages and a significantly different level of ICT
adoption in EOUs and DMOUs. While describing the theoretical framework,
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Growth of Average
net profit monthly wage Percentage of Growth of
from 1996/97 in administration graduates in Annual annual turnover,
to 1998/99 and management, management and turnover, 1996/97—
(percentage 1998/99 administration, 1998/99 1998/99
points) (US$) 1998/99 (US$) (percent)
95/108 121/136 121/128 86/162** 102/124**
90/126** 127/135 125/125 114/164** 103/139**
94/118 124/140* 120/134 108/170** 102/138**
93/107** 122/134 118/128 90/151** 102/122**
101/105 123/144** 125/125 114/162** 111/122
55/50/68 72/72/66 56/66/71 67/74/57 58/59/69
43/36/39 44/49/45 42/45/51 49/47/43 41/42/43
37/32/41 64/44/55 49/48/44 69/47/47 50/45/40
34/35/36 43/45/41 45/49/37 54/55/37** 34/44/37
72 92 105 53 79
78 112 73 69 80
90 108 113 100 101
92 109 108 128 106
89 119 106 137** 102%*

we assume that the growth of demand of ready-made garments is less than the
growth of unskilled labor in the economy:
aL (L) 53D (_1_)
or \L,/ ot \D,)/)
where L, and D, denote the amount of unskilled labor available and the total
demand for garments in the base year, respectively.
The theoretical framework discussed above considers the role of adoption
of ICT, the quality of raw materials, and the wage difference in export per-
formance. However, the model assumes that other variables, such as firm size

and entrepreneurship, remain constant. In the empirical analysis, these vari-
ables have also been included.

Hypotheses

Based on the theoretical framework previously described the following hypothe-
ses are formulated.
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TABLE 4B.3 Test statistics for independence of user and non-user sample

Growth
of labor Net profit/loss
Labor productivity, as a share
productivity, 1997/98— of turnover,
Type of Parametric and 1998/99 1998/99 1998/99
technology nonparametric tests (Rs.) (percent) (percent)

Fax Mann-Whitney U 5,169 5,934 5,753
machine Wilcoxon W 10,947 14,979 10,031

z —4.457 -1.128 —0.854

Asymp. sig. (two-tailed) 0.000*** 0.259 0.393
Pager Mann-Whitney U 5,811 5,723 5,691
Wilcoxon W 20,176 8,726 16,422

z -2.072 -0.431 -0.318

Asymp. sig. (two-tailed) 0.038** 0.666 0.751
Cellular Mann-Whitney U 4,563 5,479 5,358
telephone Wilcoxon W 18,258 8,639 15,369

z —4.638 -1.091 -1.335

Asymp. sig. (two-tailed) 0.000%** 0.275 0.182
Computer Mann-Whitney U 5,668 5,383 5,214
Wilcoxon W 9,673 16,558 7,842

z —2.801 -1.494 -0.722

Asymp. sig. (two-tailed) 0.005%** 0.135 0.470
Email Mann-Whitney U 5,323 5,666 5,613
Wilcoxon W 19,018 8,669 8,773

z -3.246 -0.549 0414

Asymp. sig. (two-tailed) 0.001*** 0.583 0.679

souRrcE: Calculated by authors from primary survey data (1999).

nNotes: *Indicates significance at the 10 percent level; **indicates significance at the 5 percent level;

**+*indicates significance at the 1 percent level. Rs. indicates rupees.

Degree of IT Adoption (IT_LEVEL). Two estimates of this variable have
been considered in the analysis. One is the investment in ICT; the other is an
ICT intensity dummy. The dummy variable is defined as

1 for IT-p firms

IT_DUMMY= {0 otherwise

The model discussed in the theoretical framework in Appendix 4B showed that
the adoption of more advanced ICT tools results in an inward shift of the iso-
quant curve of export-oriented firms. This in turn enables the firms to remain
globally competitive and improve or retain their market share in international
markets. The effect of technological progress on international trade has long
been incorporated into trade models (Posner 1961; Hufbauer 1966; Krugman
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Average monthly
Change in wage for Share of
profit margin, employees in graduates in
1996/97-1998/99 administration and ~ management and Turnover growth,
(percentage management administration Log turnover, 1996/97-1998/99
points) (Rs.) (percent) 1998/99 (percent)
4,409 7,059 7,052 3,436 5,078
7,895 12,312 12,305 9,214 9,449
—1.487 -1.618 —0.842 ~7.962 -2.532
0.137 0.106 0.400 0.000*** 0.011**
3,058 7,190 6,986 4,646 3,989
11,836 21,386 10,727 19,697 15,617
—4.225 -0.793 —0.046 -5.034 -3.936
0.000*** 0.428 0.963 0.000*** 0.000%**
3,612 6,861 6,306 4,088 4,082
12,657 19,902 19,347 18,116 15,257
-2.706 —-1.768 -1.514 -6.330 -3.931
0.007*** 0.077* 0.130 0.000*** 0.000***
3,974 6,812 6,380 4,032 4,886
6,252 10,817 9,950 8,037 8,126
-1.563 -1.322 -1.082 -6.221 -2.249
0.118 0.186 0.279 0.000%** 0.025%*
4,626 6,252 7,004 4,853 5,367
13,272 20,958 10,745 19,388 16,542
—0.388 -2.239 -0.011 —4.850 -1.241
0.698 0.025** 0.991 0.000*** 0.215

1979; and Dosi, Pavitt, and Soete 1990). Technology variables included in fac-
tor proportion trade models have generally been considered very important in
influencing trade patterns. However, scholars have considered different indicators
of technology. Stem and Maskus (1981) used the ratio of research and develop-
ment (R&D) expenditure to value-added as a proxy of the technology variable;
Soete (1981) used the number of patents; whereas Wakelin (1997) considered
the number of the firm’s innovations as an indicator of the level of advanced
technology used. All three studies, however, found technology to be very im-
portant in explaining the export performance of firms. In view of the theoretical
and empirical evidence, we hypothesize that the degree of ICT adoption is likely
to influence the export performance of firms.

Wage Rate (WRATE). The theoretical model suggests that wage rates are
likely to be significantly different between EOUs and DMOUs due to the dif-
ferent skill levels required. Bernard and Jensen (1997) and Francois and Nelson
(1998) show that export-oriented firms pay higher wages than others to attract
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TABLE 4B.4 Kruskal-Wallis test for independence of user groups with different time
of adoption

Growth Net
of labor profit/loss
Labor productivity, as a share
productivity, 1997/98— of turnover,
Type of Kruskal- 1998/99 1998/99 1998/99
technology Wallis test (Rs.) (percent) (percent)
Fax Chi? 0.927 2.088 4.850
df 2 2 2
Significance 0.629 0.352 0.088*
Pager Chi? 3.823 3.586 3.127
df 2 2 2
Significance 0.148 0.166 0.209
Cellular Chi2 0.373 0.983 0.320
telephone df 2 2 2
Significance 0.830 0.612 0.852
Email Chi? 10.675 0.211 0.024
df 2 2 2
Significance 0.005*** 0.900 0.988

SOURCE: Calculated by authors from primary survey data (1999).

NoTEs: *Indicates significance at the 10 percent level; ***indicates significance at the 10 percent
level. Rs. indicates rupees.

more highly skilled workers. These authors argue that trade is linked with shifts
in wage rates. Bernard and Jensen (1997) found that the wage gap played a sig-
nificant role for trade in U.S. manufacturing firms. In the Indian context, and
particularly in the garment-manufacturing sector, a wage gap is likely to have
a bearing on export performance. The creativity of designers’ input makes a
visible difference in the final product, so EOUs employ designers and graders
with the highest levels of creative skill and pay them more than their peers in
DMOUs. The high turnover of staff with creative skills is another reason for
higher wages in EOUs. Hence, a close relationship is expected to exist between
wages and firm export intensity.

Quality of Raw Material (RAWMAT). A recent study on export behavior
of Mexican manufacturing firms by Aitken, Hanson, and Harrison (1997) found
that the cost of raw materials was a significant influencing factor in the deci-
sion by firms of whether or not to export. Moreover, our theoretical framework
is based on the assumption that EOUs and DMOUSs use raw materials of dif-
fering quality. It was noticed in surveying firms that it was the buyers who de-
termined the quality of the raw materials. Foreign buyers in the global market
decided on the quality of the fabric used, whereas in domestic markets the (low-
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Change in Average
profit margin, monthly wage Percentage of Turnover
1996/97- for employees graduates in growth,
1998/99 in administration management Log 1996/97—
(percentage and management and turnover, 1998/99
points) Rs.) administration 1998/99 (percent)
4311 0.705 2.657 4.591 2.087
2 2 2 2 2
0.116 0.703 0.265 0.101 0.352
1.505 0.663 1.131 0.576 0.048
2 2 2 2 2
0.471 0.718 0.568 0.750 0.976
2.802 4.488 0.948 2.491 1.002
2 2 2 2 2
0.246 0.106 0.622 0.288 0.606
0.076 0.360 4273 9.490 1.418
2 2 2 2 2
0.963 0.835 0.118 0.009*** 0.492

and high-income) preferences of the entrepreneur determined the type and
quality of raw materials used. In addition to fabric quality, foreign buyers often
insisted on specific imported accessories (such as buttons and threads). Differ-
ences in the quality of raw materials substantially affect the cost of production,
so the isoquant curves of EOUs and DMOUs also differ significantly. There-
fore, as discussed theoretically, a positive relationship is hypothesized between
export intensity and expenditure on raw materials.

Education Levels (EDU_LEVEL). This variable was measured as the ratio
of workers with diplomas or degrees to the total number of workers employed
by a firm. This category included employees with degrees in accounting and
business administration (among others) and diplomas from an institute of fash-
ion technology. A substantial amount of literature deals with employee qualifi-
cations and firm performance (Prais 1981; Bernard and Jensen 1997). Studies
found that export-oriented firms employ more highly qualified workers. It is
therefore expected that employee education levels will be an important influ-
ence on the export performance of firms.

Labor Productivity (LABPROD). During the survey it was found that many
firms were involved in subcontracting; hence labor productivity was calculated
as the ratio of value-added to total employment. A recent study by Robert and
Wright (1998) found that the U.K. manufacturing sector was successfully com-
peting with developing countries by increasing its overall productivity, and that



'500dnI se1eoIpuL ‘S ‘[9AS] Judd1ad | oY) 18 SOUBOYTUSIS SOJEOIPUL 4y s STION

(6661) €1Bp Aoams Atewind wolj s1oyihe £q Poje[no[e)) HOANOS

*¥+x560°0  %++00070 Z81°0 1254\ YTy 880 £ST'0 #%x£00°0 QouBOYIUBIS

¥ 4 4 14 ¥ 14 4 ¥ Jp

106°L 88819 9¢T9 LECS 1L8°¢ Y66’ 10L'9 $9T'91 o)

(yuaozad) 66/3661 UOT)eNSTUTWIpE (s (syurod (quaozad) (quaoiod) ('sw) 1591 ST[BM

66/8661 ‘Toaowmy pue jusegeue pue o3eu0o1ad) 66/3661 66/3661 66/8661 —Teysnry

—L6/9661 307 owaFeueUl uoneysiuupe ut 66/8661 ‘ToaouImg o —86/L661 ‘Kyranonpord
ymord ur sajenperd saakordura 10§ —16/9661 J1BYS B SB ‘Ananonpord Ioqe

IaAOWINT, Jo o8emudorag oFem Aqjuowr ‘urreut jgoid sso[agoid Ioqej Jo
a8eIony ur a3uey)d 19N IMoIn

S[9AJ] 9Fesn 1] Jo souspuadapur 10 1533 SIffem—Teysnry s'gy ATV



FIGURE 4C.1 Exports, ICT, and wages

H
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NOTE: H indicates skilled labor (human capital); L, unskilled labor (human capital); » and w, pay-
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FIGURE 4C.2 Exports, factor intensity, and wages
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developing-country firms needed to do the same to maintain their share of inter-
national markets. The study suggested that the main source of productivity
gains would come from the use of new technologies. Wakelin (1997) found that
labor productivity was positively correlated with exports. Export-oriented firms
are therefore expected to be more productive.

Size (SIZE). Sales turnover was used as a proxy for firm size in export-
related studies; however, sales turnover would not be representative of size in this
study because many of the sample firms subcontracted activities. Therefore, the
number of employees was chosen as a proxy for firm size. Several scholars
(Hughes 1986; Lall 1986; Willmore 1992; Kumar and Siddharthan 1994; Wake-
lin 1997) have studied the export-size relationship, reporting mixed findings.
Hughes (1986) finds a significant linear relationship between size and export
performance, whereas Willmore (1992), Kumar and Siddharthan (1994), and
Wakelin (1997) find an inverted U-shaped relationship. Kumar and Siddharthan
(1994) argue that the emergence of an inverted U-shaped relationship could be
attributed to an oligopoly among large firms in the domestic market. SMEs dom-
inate in the low-technology garment-manufacturing industry in India, however,
so a linear relationship is hypothesized between size and export performance
for this study.

Opinion Variables (OPINIONS). Entrepreneurial abilities were also cen-
sidered to be important factors that could influence the export performance of
firms. Managing directors’ ratings of the importance of the fabric-saving advan-
tage of IT, flexibility in product design, international competition, and delivery
schedule were considered as proxies for entrepreneurship. Hoffman and Rush
(1988) also find these variables to be very important in the international trade
of garments. Hence we hypothesize that entrepreneurial attitude may influence
the export performance of firms.
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S5 Impacts of ICT on Low-Income
Rural Households

MAXIMO TORERO AND JOACHIM VON BRAUN

Globally, 1.2 billion people live in extreme poverty—75 percent of them in rural
areas, and despite continuous migration and rapid urbanization, this proportion
will remain around 50 percent by 2035 (IFAD 2001). Hence, no poverty alle-
viation program can be successful without addressing rural poverty. The term
“rural penalty” has been used to describe the source of rural poverty, with distance
being the primary factor (Hudson 1992). In an increasingly integrated and inter-
dependent world, distance means time and money. The farther a community is
located from an economic center, the less it benefits from mainstream economic
growth. Developing-country governments seldom have sufficient physical and
financial resources to provide infrastructure and social services to rural areas,
and when they do, the financial returns to such investments are low. As a result,
rural residents in developing countries lack access to basic needs like water,
food, education, healthcare, sanitation, and security.

Information is an indispensable ingredient in decisionmaking for the
livelihood of households (as has been discussed elsewhere in this volume). In-
formation problems tend to be serious in the rural areas of developing coun-
tries, again because of distance and lack of resources and infrastructure. The
traditional “personal” methods of information sharing have been eroded, while
their modern equivalents have yet to be established (Geertz 1978; World Bank
1998). ICT is thought to hold unprecedented opportunities for rural households.
Potential gains include economic benefits through

* time and cost savings;

* more and better information, leading to better decisions;
» greater efficiency, productivity, and diversity;

* lower input costs;

« higher output prices; and

» expanded market reach.
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There are also potential social benefits through

» more efficient social service provision;

* enhanced informal social safety nets;

* decentralization and integration of subnational regions; and

+ empowerment of rural communities (Song and Bertolini 2002).

Despite these potential benefits, the development of ICT in rural areas has not
been a priority because primary infrastructure and social services—such as
roads, electricity, education and health services—are in such demand. For in-
vestment in rural ICT to be fully justified, its benefits need to be clearly demon-
strated. The impact of ICT on rural households and income distribution is of
particular interest for poverty reduction (both in absolute and in relative
terms). Nevertheless, establishing a causal link between ICT and rural livelihood
is not easy. Studies are scarce and of limited methodological and geographic
scope.

This chapter continues with our analysis of the benefits of ICT, and pre-
sents case studies that focus on different aspects of household-level ICT access
and use in rural areas of Bangladesh, China, Ghana, Laos, and Peru (Figure 5.1).
For background details on these five countries, see the preamble to the case
studies in Chapter 3.

FIGURE 5.1 Conceptual framework: Area of analysis dealt with in Chapter 5
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Country Studies of Different Experiences

In focusing on the impact of ICT on rural households, particularly the poor, a
natural first step is to explore the determinants of access—that is, the salient
characteristics of users. ICT was once regarded as a household luxury. While
this is certainly not the case today, concerns remain about the ability of poor
households to gain access to ICT. In the case of public access, the incidence of
use by rural households is substantial in all five of the study countries, ranging
from 33 percent in Laos to 69 percent in Peru. Applying qualitative and quan-
titative approaches, the five studies identify the main determinants of access to
telephone services as income (expenditure), income source (occupation), edu-
cation level, and distance to telephone facilities or a main road (as shown in the
China case).

In all cases, age appears to be irrelevant in the decision of whether or not
to use a telephone. Being female appears to be negatively correlated with tele-
phone use in the Bangladesh, Ghana, and Laos cases, while the Ghana case also
identifies, education, income, and distance to telephone services as the signifi-
cant determinants. The general trend shows that access to telephone services
depends on income, occupation, and education levels, though most of the studies
report that demand for telephone services is not the exclusive domain of the well-
educated, high-income segments of the population. For example, the sizable rise
in telephone use in segments of the population with elementary education com-
pared with those without (shown in the China and Ghana cases) illustrates that
the education threshold for telephone use is quite low. Results from the Laos
case study indicate that the prevalence of information available via the tele-
phone is another important factor in the demand for household service. Further,
demand for telephone services increases with service availability (as is discussed
in Chapter 3). In Laos, user rates increased from 8 to 38 percent once telephone
services became available in the community, and in Peru the perceived benefits
of the telephone were higher among people in villages with telephone access
than among villages without it.

While the potential of ICT to facilitate social development is acknowl-
edged and supported by emerging evidence, the analyses in this chapter focus
on the economics of the “welfare effect” of ICT, under the general assumption
that monetary welfare improvements eventually bring about nonmonetary wel-
fare improvements. Hence, the case studies use income or expenditure as the
measure of welfare.! The prevalent indicator of the welfare effect of ICT is con-

1. The cases on China and Laos in this chapter provide anecdotal evidence of some of the
noneconomic benefits perceived by users. For the potential impact of ICT on social services, par-
ticularly in terms of healthcare, see Chapter 6.
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sumer surplus, calculated from willingness-to-pay—that is, the difference be-
tween the maximum consumers are willing to pay and what they effectively pay
(Saunders, Warford, and Wellenius 1994). Using compensating variation (see
Appendix 5A for details), the cases of Bangladesh and Peru attempt to measure
the welfare effect of telephone use compared with available alternatives, such
as visiting in person, sending a messenger, or sending letters. While the result-
ing benefits vary depending on which method of communication the telephone
replaces, both cases indicate that the compensated variation is substantial (par-
ticularly when the alternative method of communication is traveling), and that
the welfare effect does not vary much across income quartiles. This last obser-
vation shows that the reduced direct and indirect costs of telephone access (com-
pared with alternative methods of communication) would benefit the rural pop-
ulation generally and the rural poor in particular. In addition, the compensated
variation shows that the rural population would be willing to pay more than the
current costs of telephone service. This implies that rural telecommunications
could be provided sustainably with minimal subsidies.

Caveats accompany this conclusion, however. First, compensated varia-
tion may overestimate the rural residents’ willingness-to-pay—especially when
it comes to traveling, which is measured in terms of time. With unemployment
and underemployment prevalent in rural areas, people may value time spent
traveling differently; the time spent may also involve other activities. Second,
the rationalization of rural telephone tariffs based on the willingness-to-pay may
exclude the poorest segments of the population because income is a major de-
terminant of access. Nonetheless, distance and the costs incurred through distance
seem to be prohibitive factors for rural households when it comes to using and
gaining benefits from telephone services. Consequently, universal access cri-
teria should be reviewed, taking the relationship between telephone access and
travel into consideration.

In addition to compensating variation, the cases of China and Laos in this
chapter attempt to identify and measure the effect of telephone services on the
economic performance of households. Using three-year panel data and regres-
sion analyses, the study on China explores the impact of telephone service
subscription on household annual income and household businesses (other than
agricultural businesses). Most telephone subscription variables show a positive
impact on the growth rate of annual income, though it cannot be determined as
significant, and the analysis shows different results across provinces. No sig-
nificant relationship was identified between telephone services and household
businesses. In addition to the usual problems related to measurement and
omitted variables, this lack of evidence seems to relate to the type of access
analyzed, meaning that the mere presence of a residential telephone is an in-
sufficient proxy for telephone use (telephones are also available in public fa-
cilities). Moreover, because telephone services can be particularly limited in the
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rural areas of developing countries, service subscription does not reflect pure
demand, distorting the analysis.

The Laos case explores the impact of telephone use through regression and
matching methods, to take into account the suspected problem of endogeneity
in establishing a causal relationship between ICT use and household benefits.
With one-year cross-section data, all applied methods indicate a positive and
significant effect stemming from access to telephone services. Although the
diagnostics involved indicate no significant bias due to unobserved character-
istics, it is possible that missing variables have led to the result of an unexpect-
edly large impact. In an attempt to verify the impact, a panel data analysis was
undertaken, finding a positive but insignificant impact from the availability of
telephone services. Nevertheless, the results suggest that a large share of changes
in consumption can be attributed to the use of telephone services. Time lags,
lack of critical mass in service provision, and unobserved characteristics may
be factors in the results for both the China and Laos cases.

Synthesis

Results from the case studies indicate several policy implications. First, the
welfare effect of telephone use in rural households is verified by the benefits
perceived by users, the high demand for service, the substantial consumer sur-
plus associated with telephone use, and results from formal econometric analy-
ses. In particular, since public facilities are widely used and people are willing
to pay more than the existing service charge, universal access through publicly
accessible facilities should be promoted. Moreover, such services could be pro-
vided in rural areas with little need for subsidization. As previously mentioned,
however, access for the poorest groups in society would need to be assured,
given that in these areas service will not be commercially viable, and subsidies
may be justified to extend services beyond the market. Emerging evidence of
increasing income disparity between telephone users and non-users in develop-
ing countries suggests the need for strategies to support and promote the use of
telephony by the rural poor.

It is widely believed that the impact of advanced ICT would be greater than
the impact of telephony because of the diverse forms of information involved
and the significant network and content externalities. This could be both true
and false depending on the context. In rural areas, where overall education and
income levels are much lower than in urban areas and infrastructure is poor,
the introduction of advanced ICT could result in wasted resources. Telephone
services do not require specialized skills and are comparatively inexpensive.
This is the lesson of rural telecommunications. Any advanced forms of ICT
introduced in rural areas should be easy to use and economical, and provide
current and locally relevant content. One example is the Simputer, a portable
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alternative to personal computers.? Attempts to introduce ICT in rural areas
without addressing the problems caused by poverty and rural isolation will be
compromised.

Our case studies illuminate several interesting issues relating to ICT adop-
tion by rural households. At the same time, they shed light on issues requiring
further investigation. For example, observations over a longer period would be
required before it would be possible to establish any direct causal relationship
or confirm the occurrence of socioeconomic effects. Such observations would
have to track both qualitative and quantitative changes in household performance,
that is, changes in health and educational performance as well as in the provi-
sion of social services (see Chapter 6).

The China case looks at the impact of ICT on changing economic activity
in rural households and resulting institutional change, such as the development
of new markets. For example, Chowdhury (2002) explores the impact of tele-
phone services on the marketing behavior of rural households. While it was
observed that the number of intermediaries in transactions decreased with im-
proved communications and the availability of information, it was also appar-
ent that the sophistication of technology required intermediaries to assist rural
inhabitants to access information. This happens in many pilot projects; how-
ever, the impact of information intermediaries is unknown. While more micro-
level evidence is needed to determine the impact of ICT on markets in varied
contexts, a mezzo-model, including the microeconomics of household market-
ing decisions, would give new insights into the impact of ICT on markets.

While communication with family and friends is reported to represent a
large share of telephone usage, little is known about the real purpose of per-
sonal communication. For rural households, a close relationship with family and
friends is a valuable asset, and we assume the ensuing information exchange is
productive. This, however, needs more formal investigation. The impact of ICT
on informal networks is of particular interest, because ICT may foster or drain
informal networks by providing better communications and more channels of
information reaching beyond personal groups. This requires an in-depth assess-
ment of information needs and flows within and between rural communities.

After examining the case studies and available literature, it is fair to say
that ICT has a positive impact on rural households, notwithstanding the supply
and demand constraints that make it difficult for rural populations to benefit.

2. Developed by a group of Indian scientists and engineers, the Simputer is a cheap (9,000
rupees or about US$190) hand-held, networked device that uses open-source software. It provides
voice technologies for the illiterate and smartcards for device sharing, is sturdy and simple to use,
translates English into local languages, and plays contents aloud.
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We can increase that positive impact by making ICT more accessible in rural
areas, adapting new technologies to the rural setting (such as Simputer), and
through the innovative use of old technologies, such as information services
provided by telephone.

The Impact of Public Telephones in Rural Areas: The Case of Peru
Virgilio Galdo and Maximo Torero

Poverty and uneven income distribution persist across Latin America. Vast seg-
ments of the population are isolated in rural areas, subsisting on agriculture.
The process of privatizing state-owned enterprises (SOEs) in the 1980s and
1990s led to improvements in the quality of infrastructure and freed state re-
sources for more pressing needs. In addition, service coverage in the reformed
sectors increased substantially, and the introduction of market mechanisms and
incentives facilitated private investment, ultimately increasing service efficiency.
A large service gap still remained (and remains) in most countries, however,
particularly in rural areas, where the inherent high costs and associated risks of
service provision make private-sector participation unprofitable. The Fund for
Investment in Telecommunications (FITEL) was created in 1994 to address this
service gap in Peru (see the case study of Peru in Chapter 3 for details). The pri-
mary objective of the fund was to promote private telecommunications invest-
ment in rural and remote areas to achieve universal service access. The longer-
term goal was overcoming the isolation of distance through the provision of
access to electronic information and communications, thereby promoting social
and economic development.

The purpose of this case study is to identify the direct financial gains to
rural households in southern Peru resulting from access to public telephones.
To do this, we estimate the compensating variation associated with the reduced
costs of telephone use compared with other methods of communication, and we
examine the distribution of these welfare gains across different income groups.
(See Appendix SA for details of the methodology used in this case study.)

The Benefits of Access to Public Phones in Rural Peru

The rural areas considered under the FITEL project were villages with fewer
than 3,000 inhabitants and either fewer than 100 clustered houses or more than
100 scattered houses. This concept, which was new at the time, was followed
by various countries throughout the region (Figure 5.2). To maximize the ben-
efits to the general population, public telephones were installed in 4,430 rural
villages (Figure 5.3).

In 2003, total teledensity was still very low in rural Peru despite the FITEL
program. Only five rural departments (the local-level administrative unit) had
at least one public phone per 500 inhabitants as of 2003, which corresponds to
teledensity of 0.2 compared with a national average of about 13. About 70,000



FIGURE 5.2 Public telephones in selected Latin American countries, 1998-2000
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FIGURE 5.3 Public telephones in rural towns in Peru under OSPITEL’s Fund for
Investment in Telecommunications, 1998-2003
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source: OSIPTEL (2004).

NoTE: The figure indicates the number of rural towns with more than 300 and less than 3,000 in-
habitants where there is a public phone operated by Telefonica del Perti or other operators including
Telerep and C&G Telecom/Avantec. Gilat to Home was out of service as of 2003.

rural villages that met FITEL’s criteria remained without access to telecommu-
nications services, so further expansion was necessary. Meeting the goal of one
public phone per 500 inhabitants would still require the installation of an addi-
tional 4,500 public rural telephones. Table 5.1 provides a regional breakdown
of rural communications projects under FITEL as of 2003, Table 5.2 shows de-
tails of coverage by department.

More recently, competition and technology developments have reduced
the costs associated with network development, making expansion of tele-
communications coverage in the rural areas of Peru more feasible. Private enter-
prises were able to find creative ways of expanding services, given the reduced
costs associated with satellite communications (VSAT). In the mid-1990s, in-
stalling a satellite telephone would have cost US$60,000, whereas, as of 2002, it
cost between US$2,000 and US$4,000. It is also true that market conditions have



Impacts of ICT on Low-Income Rural Households 243

TABLE 5.1 Program of rural communication projects in Peru, 2003

Number of Number of Number of
Project/region rural villages  direct beneficiaries  indirect beneficiaries
Northern frontier region 193 58,872 85,650
Northern region 938 519,957 499,114
Southern region 534 135,917 249,468
South central region 1,029 303,260 528,734
Northern jungle region 374 141,621 187,424
North central region 582 317,648 363,682
Orient central region 780 259,668 343,930
Total 4,430 1,736,943 2,258,002

source: OSPITEL (2004).

NOTE: The concession for the northern frontier region was won by Village Telecom; concessions for
the southern, south central, and northern jungle regions were won by Telerep; and concessions for the
northern, north central, and west central regions were won by C&G Telecom/Avantec.

changed. By the early 2000s, it had become feasible for companies to initiate
projects serving as few as 200—500 residents or involving monthly income of
US$100-200 per line. Hence rural access to telecommunications has improved.

To identify the impact of telecommunications services on rural livelihoods,
the Group for the Analysis of Development (GRADE) and the Center for De-
velopment Research (ZEF) conducted a comprehensive survey in four rural
departments in southern Peru in 2000. A representative sample of 1,000 house-
holds was chosen based on telephone and road access and population size. The
results indicated an increase in the use of public phones in rural areas. More
than 70 percent of the sample households reported using public phones even
when their village did not have one.? There were significant differences, how-
ever, based on the availability of public phones, the village’s poverty level, the
average travel time to the nearest public phone, and the perceived (direct and
indirect) costs of using a public phone (Table 5.3).

Sample households attribute significant benefits to public telephone ac-
cess; among these are the ability to communicate faster, avoid travel, and save
money and time (Figure 5.4). Households reported substantial savings through
the use of public phones as a substitute for personal visits, letters, or similar
time-consuming methods of communication (Figure 5.4).4

3. When a rural village had no public phone, the nearest public phone in another village
was used.

4. International experience shows encouraging results. In Bangladesh, for example, research
shows that the use of rural public telephones results in a ratio of benefits (savings) to costs of be-
tween 2.2 and 7.8 depending on the distance involved (ITU 1998).



"(€007) Td1dISO Eo¥nos

ad! 861 6¢I1 61 ¥8 6¥L 0011 8VIe Tjekesn)
['¥C 974 8¢ Ll LE o€l 9'81 §'sst1 sequmny,
T9¢ 18 Le 144 133 6LE T ¥'81¢C Buoe],
1R 41 60t 661 oIt [4%4 661°C ¥91¢C ¥'TTs unJe|y ueg
£'8 1949 Ive 02 09 €E1°6 9959 8'6L0°1 oung
6'¢tl eLS LTe e 98¢ |84 ¥4 STy €88¢°1 einig
1'ee S1¢ 44! 1L orl 805°T 676 £'9T¢ 03seq
€6¢ L8 6S 8T 8¢S 6TL | 44 L8zl endonbopy
¥'91 Ly Ie 91 193 ¥8¢ 9°98¢C 0°L9 SOI( 9P SIpEN
96 9LT 11e $9 8¢C 968°1 6°88¢C €189 013107]
8'61 184 ¥6¢ 911 161 60TV §°LOT £'98€°9 BOI]
8'8 981 68 L6 121 L9T°1 TIIe 8°026 onboAequre]
[ 124 68¢ LST ¥9C 80€°€ 6'66¢ £0LT'T PEMSQIT B
(44! Sey 374 061 ¢8¢ SEEE 9'LSE 8'5€0°1 upung
L6 16 144 Ly 199 68€°1 S'e6 L'S9S €o]
6'¢l 8¢ 1334 £l 9LE 18L°9 L'10% 4% oonuenpy
L'0T1 S0¢ 91¢ 68 354 99¢°y 9'v8¢C 7'68¢ BOT[SARIURNY
011 ¢19 [LE 144 13014 £L8°9 0°LSS 88701 09sny
811 91Tl 016 90¢ 6¢L 0€EL'S L'8Y6 865T°1 eorewefe)
8¢l [43° (44 001 8¢ €Ty LSST sey oyondeiy
€8l 6T 9¥1 €6 8LI 9€5°€ 6'0€1 8916 edmbary
6’11 ¥6¢ 10T £6 69T 009°€ 0°8%C 0C8¢ cewrndy
4! €8L 6LS 0T 98¢ 856°S 0°LOY 0556 yseouy
¥ L8Y 10% 98 69¢ 1€€°T r'Lie L'9ge seuozeury

SjuR)IqeyquT sauoydaf s10jexredo n4a ] jop sogeqia soFeia (s000‘1) (s000°‘1) juaunreda g

00T 1od Jeanr orjqnd 1oyj0 Iopun vo1U0f3]3] eanx ey uonendod uonjeindog
sauoydaray [eor, sauoyderay Aq pajerado pa12A0) eIy
[eInI o1[qng eI orqng souoydoya)
anqng

€00z “yusunedop Aq nied reItu ur ofe10A00 suoydsiel onjqnd 7'S ATAVL



-ou1] A11aA0d 93 Jo UOHIULAP S,MIdJ U0 Paseq Jooduou pue 100d Se PIYISSED UM SP[OYSNOH HION
(0007) B1ep Aoains Arewuiid woxy sJoyine 4q pajejnofe)) EOANOS

gsl (41N 10°€l Lo 898 100duoN
el 980 ey 10°1 0°69 1004
[9A9] OTWIOUOOH
90 S00 S¥'8 iro 9'T8 suoyd orjqnd oN
8y ¥0°¢ or'L Sl £0L suoyd orjqng
§59008 25B[IA
LY £€v'0 8v'C 1A 59 a[uenb ypmog
e Tl y0°¢ 860 ¥'89 spnaenb piygy,
el 191 78 160 (4% 2[urenb puoosy
cel 60T 08°S1 05°0 888 s[irenb 18114
dnoi3 smmyipuadxy
(qudorad) (so10s mau (so10s mou (smov) (quddrad) K103912)
ampusdxe ueiAnR g) ueiAnIng) suoyd orjqnd asn suoyd
1021Ip 0} asn suoyd os11qnd asn suoyd o1qnd JS2IB3U 21} YorBdI anang
J001Ipul JO uo aimipuadxe uo armrpuadxs 01 sury ageIoAy
oney ATpuot J02IIpuy ATpuour 302111

000 ‘TIag [eInI Ut s01A108 auoyd orfqnd Jo as() €'s ATAV.L



246  Maximo Torero and Joachim von Braun

FIGURE 5.4 Perceived benefits of public phones by rural users in Peru, 2000
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source: Calculated by authors from primary survey data (2000).

Understandably, households with higher incomes made more telephone calls
(Table 5.4). For example, households in the lowest income quartile make 1.71
average calls per month, while those in the highest income quartile make
3.99 average calls per month. On the basis of these calls alone, the direct and
indirect costs of alternative communication services would be 2 to 3.5 times
higher overall, and more for households in the poorest quartiles.

Measuring Compensating Variation of Telephone Use

Analysis of the survey data presented in the previous section suggests that
rural households value the speed and economy of public phone use over alter-
native methods of communication. The data further suggest that households
can make substantial savings through the use of public telephone services. In
order to fully capture the benefits to consumers resulting from the use of pub-
lic phones (that is, the consumer surplus) compensating variation was estimated
using the methodology described in Appendix SA. Details of the estimations
and statistical results are provided in Appendix 5B. The results are discussed
below.

Determinants of Rural Public Phone Use. A positive correlation was shown
to exist in all three of the estimation specifications between the head of house-
hold’s education level and the use of public telephones. Further (and once again
under all three specifications), households exclusively undertaking an economic
activity in one room of their house had a higher probability of using public
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FIGURE 5.5 Alternative methods of communication to public phones in rural Peru,
2000
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source: Calculated by authors from primary survey data (2000).

phones. Age was not shown to be a significant factor in public phone use, though
there was a negative correlation between the maternal native language and the
probability of using public phones. Understandably, villages with a public phone
were more likely to use the service based on the comparatively lower indirect
costs of use (such as traveling costs and traveling time). There were also posi-
tive and statistically significant correlations among the variables representing
the perceived benefits of public phone use. Households in which public phone
use was perceived to increase the speed of communication, reduce travel, reduce
isolation, and provide monetary savings (compared with alternative communi-
cation methods) were more likely to use the service. The issue of time savings
was less significant, probably because the impact of time savings was captured
through the speed-of-communication variable.

Welfare Benefits. The benefits of using public phones in rural areas depend
on which method of communication the telephone replaces. If the combined
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TABLE 5.4 Household expenditure, calling patterns, and expenditure on public phone
calls and alternative communication methods in rural Peru, 2000

Average
monthly
household Share of
expenditure on Average domestic Average
public phone calls  number of Share of  long-distance =~ number of
(Peruvian calls per local calls® calls® call minutes
Category new soles) month? (percent) (percent) per month
Expenditure group
First quartile 1,269 3.99 455 54.5 20.2
Second quartile 648 2.63 442 55.8 134
Third quartile 491 2.00 43.9 56.1 9.1
Fourth quartile 313 1.71 33.2 66.8 6.0
Village access
Public phone 741 3.04 46.8 53.2 15.5
No public phone 620 2.14 393 60.7 13.3
Economic level
Poor 427 1.87 389 61.1 9.91
Not poor 1,036 3.52 46.5 53.5 17.7

SOURCE: Calculated by authors from primary survey data (2000).
2Includes outgoing calls only.

bIncludes outgoing calls to another village within the district, to the district capital, and to the
department capital.

°Includes outgoing calls to another department.
dIncludes the indirect costs of making public phone calls, such as transportation.

¢Includes the average cost of the alternative method of communications reportedly used by the
household.

fCalculated based on the householder’s hourly wage and the number of hours required for the
reported alternative method of communication.

direct and indirect costs of phone use are lower than the equivalent costs of the
alternative communication method, the user benefits. The “welfare neutral”
payment is the amount of money the household is willing to pay in order not to
have to use the alternative method of communication. This is known as the com-
pensating variation. The concept can also be understood as the amount of
money needed to compensate the household for using alternative communica-
tion methods so that its welfare remains constant. Microeconomic theory states
that if the amount of compensation is larger than the marginal cost of using a
public phone, then policies oriented toward expanding service coverage improve
welfare. On the other hand, if the amount of compensation is smaller than the
marginal cost of using a public phone, then such policies do not improve house-
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Direct
Direct Indirect expenditure Value of time
Share of expenditure expenditure in alternative spent using
Share domestic on public on public communications alternative
of local long-distance phone calls phone calls? services® servicet
minutes minutes (Peruvian (Peruvian (Peruvian (Peruvian
(percent) (percent) new soles) new soles) new soles) new soles)
473 52.7 15.80 2.09 28.12 8.65
46.3 53.7 8.41 1.61 14.78 5.87
44.6 55.4 5.04 1.22 11.73 4.43
33.6 66.4 2.48 0.43 6.31 4.00
48.2 51.8 8.45 0.05 18.32 7.36
40.2 59.8 7.10 3.04 1591 6.10
394 60.6 4.53 0.86 11.35 4.67
482 51.8 13.01 2.02 25.15 8.19

hold welfare (Deaton and Mullbauer 1980; Hausman 1981; Varian 1992; Mas-
Colell, Whinston, and Green 1995).

As expected, when the alternative method of communication involves
traveling, compensation—that is, the benefit of using public phones—is higher
(Appendix 5B, Table 5B.2). Compensation is also high for sending letters via
mail because not all rural villages have post offices, so sending letters generally
involves travel to a post office or hiring a messenger. As observed by Gertler and
Glewwe (1989), compensating variation does not vary substantially among ex-
penditure groups, although households belonging to the highest income quartile
are less willing to pay. This seems counterintuitive, since the highest quartile has
a higher probability of access to telephones and, therefore, should have a higher
willingness-to-pay. Poorer households, however, are more sensitive to the po-
tential cost savings. Hence, the marginal effect of a relative reduction in the cost
of public phone services in rural areas is much greater among poorer households.
Moving down through the expenditure groups, the results show that the net ef-
fect of reduced prices is an increase in households’ willingness-to-pay. It should
be noted that the welfare calculation only includes the direct benefits of access to
and use of rural public phone services. The approximation may underestimate
household welfare because it does not include indirect benefits, such as social
integration, improved market performance, the impact on prices, and so on.
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TABLE 5.5 Subsidies per operator in rural Peru, 1998-2000

Total Assigned Assigned Assigned
assigned subsidy subsidy per  subsidy per
subsidy per village inhabitant telephone
Villages with service (US$) (US$) (US$) (US$)
Village Telecom 1,661,537 8,609 11.5 7,801
Telerep 10,990,888 5,674 7.1 5,216
C&G Telecom/Avantec/ 27,854,610 12,111 12.1 7,594
Gilat to Home
Total 40,507,035 9,144 10.1 6,765

source: OSPITEL (2004).

In addition, the subsidy paid to the service operator under the FITEL proj-
ect is relatively low, but it is not the lowest among similar projects (Table 5.5).5
This may imply the need for further research to establish the reasons for the
higher subsidy level and ways in which a more effective distribution of the funds
could be implemented.

In evaluating rural telecommunications projects involving subsidy pro-
grams, Serra (2000) and Wellenius (1997) show that beneficiaries tend not to be
the poorest villages. Our study, however, indicates that compensating variation is
higher among the poorer rural villages, and that smaller rural villages have higher
aggregate compensating variation relative to larger rural villages (Figure 5.6).
Nevertheless, the more developed rural villages tend to be the ones able to meet
the minimum demand requirements to ensure that services are self-sustaining
and still enable the poorer villages (where services are not self-sustaining) to
gain access to phones within walking distance.

Conclusion

Rural households in southern Peru receive a number of direct and indirect ben-
efits from the use of public telephones. Our results indicate that, for the general
rural population, the direct and indirect costs of other forms of communication
are 2-3.5 times higher than the costs of using public phones. The savings ac-
cruing from public phone use are even higher for poorer households. Our esti-
mates of compensating variation also indicate that the willingness-to-pay
within rural households in Peru is sufficient to ensure the sustainability of tele-
communications projects and to further expand rural coverage. It is clear, there-
fore, that access to public phones in the rural areas of Peru improves welfare, and
that policymakers should support universal access. The high willingness-to-pay

5. Chilean experience reports an average of US$3,380 per telephone. See Serra (2000) for
details.
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FIGURE 5.6 Aggregated compensating variation by population in rural Peru, 2000
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for access also implies that subsidy schemes could achieve high impact at rel-
atively low cost. Since some poor villages were shown to be willing to pay the
marginal cost of service, subsidies in those areas should be reduced, releasing
funds for additional subsidies in poorer villages where the willingness-to-pay
is small but demand is sufficient to ensure service sustainability.

The Benefits of Rural Telecommunications: The Case of Laos
Gi-Soon Song and Arjun S. Bedi

Prompted by urban-rural imbalances in the provision of telecommunications
services, along with other economic and security considerations, the rural
telecommunications (Rurtel) project was launched in Laos in 1992, funded by
the German Development Bank (for details of the project, along with country-
specific background information, see the Laos case study in Chapter 3).° By the
end of 2000, three phases of the project had been completed, and 41 of 128 ru-
ral district capitals had access to telecommunications. In terms of revenue, the
rural network was performing far better than originally anticipated; projections

6. See also ZEF (2001) and Song (2003).
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suggested annual revenues of US$370 per line, while actual revenues as of 1999
were three times higher, at around US$1,000 per line. These substantially higher
revenues reflect the wide usage of services by rural residents and the significant
underestimation of rural demand.

The gap between actual and expected revenues calls for a more thorough
investigation into the linkages between household welfare and telecommuni-
cations access. This case study aims to fill this gap. First, the incidence and
intensity of telecommunications use is examined, including the key charac-
teristics of users. This enables identification of the extent and distribution of
telecommunications adoption across various education and income groups.
Second, the benefits of telecommunications access are assessed using qualita-
tive evidence gathered through a survey of rural household members. This is
complemented with quantitative analysis of the effects of telecommunications
use on household consumption.

The Data

The analysis presented in this case study is based on the cross-section data col-
lected in 2000 from 100 households randomly chosen from each of six rural
sites (see the data section in the Laos case study in Chapter 4 for further de-
tails). In addition, of these 600-odd households, 200 were chosen from two sites
to be interviewed both before and after the implementation of the Rurtel project
for the purpose of forming a control group. Of these 200 households, 190 were
successfully interviewed in both 2000 and 2001, allowing the construction of a
short panel data set.

Since the main aim of the survey was to evaluate various aspects of the
Rurtel project, in addition to standard information, such as household size, age,
education, occupation, consumption, and housing characteristics, detailed in-
formation on telecommunications expenditure, calling patterns, purpose of calls,
and household information needs were collected. This information provided a
richer picture of the linkages between telecommunications services and house-
hold welfare.

While the data are unique in some aspects, they also suffer from some draw-
backs. Because the Rurtel project focuses on district capitals (as service hubs),
the surveys were also conducted in the capitals, where households are likely to
be comparatively more prosperous than those in other rural areas. To assess the
extent of these economic differences, data from the two case study surveys were
compared with data for the same districts from the 1997/98 Laos Expenditure
and Consumption Survey (LECS).” There are sharp differences in the sample

7. The National Laos Expenditure and Consumption Survey was carried out between
March 1997 and February 1998 and included 8,882 households selected from 450 villages across
the country.
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means for all characteristics except the number of cattle. Case study data indi-
cate that household heads are more educated, agricultural land endowments are
higher, and annual per capita consumption is higher. Hence the case study data
are not representative of rural Laos as a whole, and results should be interpreted
with this difference in mind. Details of the statistical comparisons between the
surveys are provided in Appendix 5C.

Telecommunications Use at the Household Level in Rural Laos

As was discussed in Chapter 3, most of the available lines installed under the
Rurtel project are assigned to businesses and local government offices, leaving
only a small proportion for private users and one or two for public use. Hence,
users typically accessed telephones at public facilities (about 38 percent), at
offices of local administrative bodies, or at their neighbors’ houses. Most users
(79 percent) walked or rode bicycles/motorcycles up to 3 kilometers to access
a telephone. Accordingly, less than 10 percent of respondents reported making
any payments for transportation resulting from telephone use. In many cases,
users made their phone calls while traveling for a number of reasons, thus, re-
ducing the opportunity cost of time associated with the calls. Although these
figures are based on users, they suggest that the costs of travel and time are not
major constraints in the use of telephones. About 33 percent of the sample (606
households) made regular use of telephones and hence were classified as “tele-
communications users.” On average a user household made three local and six
long-distance calls per month. Average expenditure on telecommunications was
about $3.05, which represented 3 percent of monthly cash expenditure.?

Linkages between Household Characteristics and Telecommunications
Use. Based on our sample, a positive relationship existed between literacy, for-
mal education, and telecommunications use (Table 5.6). User rates were about
39 percent among the literate and only about 3 percent among the illiterate (Fig-
ure 5.7). A strong positive relationship also existed between the amount of
schooling (in years) and telecommunications use. Usage rates increased from
4 percent for the illiterate to about 66 percent for those with tertiary education.
A nonlinear relationship was found to exist between telecommunications use
and age (Figure 5.8). Usage growth rates gradually declined from the highest
rate, up to around age 30, becoming negative from about age 43.

Usagerates also differ across occupations (Table 5.6). As may be expected,
individuals in occupations that require a higher level of education (profession-
als, technicians, and managers) reported usage rates of between 66 and 79 per-
cent. However, usage rates for workers in less-skilled elementary occupations
(59 percent) and the handicraft sector (30 percent) were also substantial. The

8. Among paying users, the average monthly expenditure on telecommunications was about
USS$S5, which is 6.6 percent of cash expenditure.
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FIGURE 5.7 Telecommunications use and education in rural Laos, 2000
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SOURCE: Primary survey data (2000).

lowest rates were found among households involved primarily in agriculture
and fisheries (12 percent). While agriculture is the main rural industry, about 42
percent of all households engaged in multiple industries and relied on more than
one source of income. These households were more likely to use the telephone.
Usage rates were about 52 percent among households with more than one in-
come source and only 20 percent among those with a single income source.

It is very likely that higher overall consumption causes higher telephone
use, which in turn may lead to even higher consumption. The purpose of this
analysis is not to determine causality but rather to examine how telephone us-
age rates differ across consumption groups (Figure 5.9). Predictably, telephone
use increases with consumption, although at a decreasing growth rate. In the
highest quintile, usage rates were about 50 percent or more; in the second-lowest
quintile they ranged between 17 and 20 percent; and in the lowest quintile they
ranged between 4 and 17 percent. Interestingly, usage was not restricted to the
highest income quintiles.

Household Information Needs. About 29 percent of all households reported
that information about their families and friends was their main information
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FIGURE 5.8 Telecommunications use and age in rural Laos, 2000

Probability of telephone use

05 -

Peak

1 1 i 1 1 1 i

20 30 40 50 60 70 80
Age, household head

SOURCE: Primary survey data (2000).

requirement. This was followed by the need for information on agricultural
markets (26 percent), information on government policy and government ad-
ministration (15 percent), and information on nonagricultural products. In
terms of the different types of information sought by telephone users and non-
users, a large proportion of users sought information on government policy and
government administration, while most non-users sought information on agri-
cultural markets. Hence the difference in information needs between users and
non-users related to their economic activities. Users tended to require infor-
mation on government administration and on prices and availability of non-
agricultural products, while non-users showed more interest in information
related to agricultural inputs and outputs.

When asked about the type of information exchanged during their most
recent phone calls, about 58 percent of respondents reported having had
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FIGURE 5.9 Telecommunications use and total cash consumption in rural Laos,
2000
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conversations with family, friends, or relatives, inquiring about their well-being.
About 18 percent of respondents communicated about government policy and
government administrative issues, about 5 percent inquired about monetary
issues or product transfers, and about 11 percent sought information on inputs
or outputs.

In terms of non-users, there are two key questions: what channels of in-
formation and communication do they use, and why do they not use the tele-
phone? Survey responses show that the majority of non-users (65 percent) relied
on personal contact for the information they needed (meaning they either went
to the information source in person or asked someone who had been to the in-
formation source). Given that reliability and easy access were the two most
important criteria for choosing communication methods, it would appear that
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non-users regard information obtained this way to be more reliable and more
accessible. Of the non-users, 86 percent indicated that they did not use the tele-
phone because they did not see any need to. The most important information
to non-users was the well-being of their family and friends, and agricultural in-
puts; so it is possible that (a) family and friends live close by and were not yet
connected to a telephone network, and (b) non-users may not have contacts
outside their community for information on agricultural inputs. Interestingly,
the cost of using the telephone appears to be only a minor inhibiting factor in
telephone use. Only 4 percent of non-users indicated that cost was an issue in
their choice not to use the telephone.

Benefits Perceived by Users

The sample households also provided information on perceived benefits of tele-
phone access and use. Business and community leaders were included along
with the sample households.®

More Efficient Administration. Local governors usually used the telephone
to contact provincial and central governments. Among the benefits of access to
telephone services, they reported faster and interactive communication, which
contributed to efficiency in the day-to-day operations of the local government.
Governors also mentioned that the telephone enabled them to learn from the
experiences of other district governments when they faced problems. Officials
also pointed out the invaluable benefit of the telephone in times of emergency
and disaster.

Prior to the Rurtel project, local governments relied on shortwave radio
communication, letters, or face-to-face communication. It is likely that the
telephone provides significant time and cost savings over these alternatives.
Telephone use appears to promote bottom-up as well as top-down communica-
tion among different levels of government, which is expected to improve the
management of decentralized operations and assist the government’s effort to
integrate regions into the national socioeconomic development plan.

Increasing Efficiency in Economic Activities. As mentioned earlier, rural
households in Laos engage in a variety of economic activities. Households and
firms that were engaged in trading activities pointed out that they saved time
and money by using the telephone to place orders and seek cheaper prices from
suppliers. Similarly, suppliers noted their increased ability to contact retailers
and check regional demand. Calls to and from suppliers constituted the most fre-
quent use of telephones by sample firms, many of which were household-based.

Respondents also mentioned the effects of telephone access on farming
practices and profits. Several community leaders attributed potential increases

9. Details on the community leader interviews are available in Song (2003).
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in agricultural productivity and trade with other regions to fast and easy tele-
communications. According to respondents, information on new methods and
new crops was transferred locally and from neighboring countries. Respondents
from Songkhon mentioned that information on market prices, made available
via the telephone, had allowed them to obtain better prices for their water-
melons. The increased access to information enabled them to obtain a better
bargain with middle men or to sell directly to city markets rather than via an
intermediate agent.

Social Networks. Using the telephone to keep in touch with family and
friends was the most commonly reported benefit of telephone access. About
58 percent of users reported that their last telephone conversation was with a
family member. While these calls were placed mainly to inquire about the per-
sonal well-being of relatives, respondents indicated that such calls also involved
economic concerns, such as the transfer of money, produce, labor, information
on input and output markets, employment opportunities, and technology.

Several respondents receive remittances from family living abroad. Prior
to the Rurtel system it was not uncommon for people to cross the Mekong River
(into Thailand) to use telephones to arrange product and monetary transfers. The
availability of the telephone has facilitated such arrangements, however. Using
the telephone to arrange seasonal labor, such as in the planting and harvesting
seasons, is also common among families. Being able to arrange quick transfers
of cash, labor, and products is important to ensuring the smooth workings of
daily life, ultimately helping to ensure constant and sustainable livelihoods and
constant consumption. Respondents frequently reported the importance of tele-
communications in facilitating and sustaining their social networks.

Gold Prices and Exchange Rates. The mass media is not highly developed
in Laos. Print media is sparse, and in rural areas the lack of roads makes news-
paper delivery difficult. Electronic media is more widely accessible, but house-
hold access to radio and television is limited. JTEC (2001) estimates that 15 per-
cent of households have a radio receiver and 7 percent a television set. In such
circumstances it is difficult for rural households to access beneficial information.

Several respondents mentioned the importance of knowing the prevailing
exchange rate for the Laotian currency, the kip. This information was com-
monly needed by households and businesses involved in buying and selling
products from neighboring countries, but it was also needed by other house-
holds. The dollar is widely accepted in Laos, and knowledge of the prevailing
exchange rate ensures that households receive fair prices. Respondents also
mentioned their need to know the price of gold. Because of high inflation and
seasonal variations in household income, it is common for rural households to
buy gold in the harvest season and sell it when they need cash. Jewelers often
act as banks in local financial markets, and, before the availability of telephones,
rural residents were dependent on the information they provided, which was
often out of date and unevenly distributed. With publicly accessible telephones,
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TABLE 5.7 Descriptive statistics of telecommunications users in rural Laos, 2000

User Non-user t-test?
Variable ) 2) 3)
Annual per capita consumption (US$ in 278.61 151.03 8.350
2000 prices) (226.94) (131.87)
Annual per capita cash consumption (US$ in 230.08 97.55 10.560
2000 prices) (184.68) (115.74)
Household size 5.90 6.00 0.530
(2.30) (2.40)
Age of household head 43.30 44.30 0.955
(10.30) (13.00)
Years of schooling—household head 9.10 4.40 14.500
(3.70) (3.80)
Agricultural land (acres) 1.56 1.70 0.530
(2.30) (1.90)
Number of cattle 1.31 2.45 3.520
2.72) 4.14)
Income source, agriculture only (percent) 21.50 61.50 10.010
(41.10) (48.70)
More than one source of income 65.50 30.20 8.750
(47.60) (46.00)
Household head participates in the labor market 97.00 93.30 2.350
(percent) (17.10) (17.10)
Number of working members in the household 2.46 271 1.860
a1.21 121
Sample size 200 406

SOURCE: Primary survey data (2000).
NoTE: Standard deviations are shown in parentheses.

2Differences in sample means.

rural residents can acquire information on exchange rates and gold prices in
urban markets directly.

Impact of Telecommunications Services on Rural Households

Assessing Impact Using Consumption Functions and Matching Methods.
A quantitative analysis of the impact of telecommunications on rural house-
holds confirms sharp differences between user and non-user households (Table
5.7). Annual per capita consumption among user households was about 1.7 times
higher than non-user households; heads of user households had completed
about nine years of education compared with only four years for non-user house-
hold heads; non-user households were more likely to work in the agricultural sec-
tor; and non-user households owned more cattle and represented the larger share
of households involved solely in agriculture.
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The aim of this analysis is to control for all observed and unobserved fac-
tors that may determine consumption and isolate that part of the consumption
gap between user and non-user households that may be attributed to tele-
communications use. We estimated the impact of telecommunications on con-
sumption using (a) ordinary least squares (OLS), (b) a maximum likelihood with
treatment-effects model (MLE), and (c) matching methods using data from 2000
(see Appendix 5A for details of the methodologies used).

To identify the effect of telecommunications use, the specification includes
control variables that may determine consumption or be correlated with tele-
communications users. The variables are gender, age, education of the house-
hold head, land, livestock, income source, and whether a household has a shop.
These last two variables were included to control for diversity of income
sources. The specification also includes sets of variables to control for (a) hous-
ing characteristics, such as access to electricity and water, type of construction,
and presence of a toilet; (b) household ownership of consumer durables, such
as televisions, cars, motorcycles; and (c) a set of regional controls.

The results from OLS and MLE of treatment effects model show that none
of the personal characteristics of the household head have significant bearing on
either total or cash consumption (Table 5.8). Similarly, landholdings and the
number of cattle owned have statistically insignificant effects on per capita con-
sumption. Households that derived their livelihood from agriculture alone
consumed $35-51 less than households with diverse sources of income; and
bouseholds that owned a shop reported consumption of about $66—68 more
than households that did not.

The total yearly per capita consumption of telecommunications users is
$27 bigher than the consumption of non-users (Table 5.8, column 1). Cash
consumption is slightly higher (about $32). However, only the effect of tele-
communications use on cash consumption is statistically significant at conven-
tional levels. Given that the observed consumption gap between users and non-
users is about $127 for total consumption and $132 for cash consumption, the
variables included in the OLS equation seem to be quite successful in control-
ling for observed differences in the consumption levels of users and non-users.
Nevertheless, it is important to examine whether unobserved characteristics are
influencing the differences in consumption.

The coefficient on the generalized residual (the term that controls for the
potential correlation) is negative, indicating that unobserved factors that deter-
mine telecommunications use are negatively correlated with unobserved factors
that determine consumption (Table 5.8). In such cases, OLS would under-
estimate the effect of telecommunications. Accordingly, the MLE estimates are
substantially larger than the OLS estimates (Table 5.8). Although the effects of
telecommunications use are larger, the coefficient on the generalized residual
for both specifications (and for a variety of other specifications) is not statisti-
cally significant. It is likely that we are unable to detect the effects of unobserved
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TABLE 5.8 The effect of telecommunications use on consumption in rural Laos, 2000

Total Cash Total Cash
consumption consumption consumption consumption
OLS OLS MLE MLE
Variable ) ) 3 4
Telecommunications user 27.440 31.670 99.410 81.290
1.450 1.970 1.900 1.060
Gender of household head -33.320 -35.330 —42.260 —40.920
-1.150 ~1.360 -1.530 -1.620
Age of household head -0.196 0.021 -0.116 0.093
-0.260 0.040 -0.150 0.140
Years of schooling of household 0.694 1.289 -1.007 0.118
head 0.370 0.800 —0.490 0.050
Agricultural land (acres) 7.612 2.797 6.384 1.848
1.170 0.500 0.960 0.310
Number of cattle 0.239 0.109 0.874 0.584
0.150 0.070 0.530 0.400
Income source, agriculture only —47.120 -35.030 -51.120 —37.960
(percent) —2.640 -2.260 -2.730 -2.170
Household has a shop 68.510 68.370 66.380 67.260
2.990 3.690 2.950 3.650
Generalized residual — — —44.890 -31.050
—-1.540 —0.684
R? 0.264 0.310 — —
Log-likelihood — — -3,735.590 -3,806.130
Number of observations 555 581 555 581

SOURCE: Primary survey data (2000).

NOTEs: OLS indicates ordinary lease squares; MLE indicates maximum likelihood with treatment-effects model;
t-statistics are shown in italic. Standard errors are heteroskedasticity consistent. Other regressors include (a) a
set of variables to control for housing characteristics, such as access to electricity, water, presence of a toilet,
and type of construction material; (b) a set of variables that captures the presence of durable goods, such as
ownership of television sets, cars, and motorcycles; and (c) a set of variables indicating province of residence.
Three variables—nhousehold ownership of an ox cart, plow, and tractor—are included in the telecommunications
user equation to aid identification of the generalized residual.

variables on consumption because of lack of suitable identifying variables.
Taken literally, this indicates that unobserved factors do not play a significant
role in determining telecommunications use.!°

10. The parametric selection model estimated here relies on the assumption of joint nor-
mality of the error terms in consumption and adoption equations. It is well known that these para-
metric treatment-effect models are sensitive to this assumption, as well as to the specification of the
telecommunications use equation and the specification of the consumption equation. We experi-
mented with several specifications of both equations. There was substantial variation in the size and
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An alternative approach to estimating the effect of telecommunications
use is matching methods. This approach is based on comparing the average per
capita consumption between households that are telecommunications users (the
treatment group) with a group of households that are not users (the control group).
Households in the two groups should be as similar as possible in all other ob-
served characteristics. (See Appendix 5A for further details on matching
methods.) Results reported in the previous section suggest that telecommuni-
cations use depends on observed variables and that unobserved characteristics
are not significant. This being the case, and given that the sample households
answered the same questionnaire and operate in a similar environment, the re-
sults of estimation using matching methods should be credible.

Our data set contains 200 user and 406 non-user households. This non-user
group was used as a hypothetical control group. The outcome variables of in-
terest are annual per capita total and cash consumption of households, and the
treatment is telephone use. As discussed earlier, the observed characteristics of
user and non-user groups are quite different. The potential comparison group,
therefore, may be quite small. Dehejia and Wahba (1998) show that even with
small treatment and control groups, matching methods can provide accurate
estimates of the treatment impact.

A Logit model was used to estimate the probability of a household being
a telecommunications user, and three different matching methods were used to
create suitable control groups.!! Results based on nearest-neighbor matching,
five nearest-neighbors matching, and kernel matching are presented in Table 5.9.
Treatment effects based on nearest-neighbor matching range from US$56 to
$61 and are statistically significant at about the 10 percent level, while effects
based on kernel matching are larger and range between US$74 and $85 and are
statistically significant at conventional levels. The magnitude of the effect is
considerably larger than the OLS estimates, lying between the treatment effects
estimated using OLS and MLE. The size of these mean treatment effects is quite
large, ranging between 22 and 32 percent of per capita total and cash consump-
tion. It appears that telecommunications use is responsible for 48—66 percent of
observed differences in total consumption and 4259 percent of the observed
differences in cash consumption.

Despite evidence that unobserved factors do not significantly affect house-
hold consumption, the size of the effect associated with telecommunications
use raises doubts as to whether this is indeed true. It seems likely that the large

the statistical significance of the effect of telecommunications use, but in all cases the coefficient
on the generalized residual was statically insignificant.

11. The use of a Probit model to estimate the probability of a household being a tele-
communications user, and to subsequently generate control groups, did not lead to sharp differences
in the estimated treatment effects.
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TABLE 5.9 Mean treatment effect of telephone use on household consumption in
rural Laos

Per capita Per capita
total consumption cash consumption
Matching method (€)) )
Nearest neighbor matching $61 $56
1.852 1.75
(22 percent)® (24 percent)
Five nearest neighbor matching $50 $51
2.23 2.61
(18 percent) (22 percent)
Kernel-based matching $85 $74
3.40 3.08
(31 percent) (32 percent)

source: Estimated by authors from primary survey data (2000, 2001).

NOTE: ?-statistics are shown in italics.

2Standard errors are based on 100 bootstrap replications.

PTreatment effect as a percentage of average per capita total and cash consumption.

effect of telecommunications use estimated using propensity score matching
has been contaminated by some missing observed or unobserved variables.

Panel Data Estimates. So far we have used cross-sectional variation to
identify the effect of telecommunications use on per capita household consump-
tion. The availability of information on the same households over time allows
us to use an alternative approach. Rather than relying on traditional parametric
approaches to correct for the potential correlation between the error terms in
consumption and adoption equations, the data can be differenced to remove the
effect of unobserved characteristics that do not vary over time. These differ-
enced data can then be used to estimate the extent to which temporal changes
in consumption may be explained by temporal changes in the incidence of
telecommunications use. (Once again, details of the methodology are provided
in Appendix SA.)

Using the first difference model, we attempted to identify the impact of
changes in telephone user status on the changes in consumption levels between
2000 and 2001 (Table 5.10). These estimates allow us to gauge the extent to
which changes in consumption during this time period may be attributed to
changes in access to telecommunications. Given the short span of time between
the two surveys (7-9 months) and the limited variation in the independent
variables, it is not surprising that almost all the coefficients were not precisely
estimated. Nevertheless, the signs on the coefficients do provide some clues
as to the factors that influence changes in consumption. Although statistically
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TABLE 5.10 The effect of telecommunications use on panel-data estimates of
consumption for rural Laos

Change in Change in
total consumption cash consumption

Variable (0] )
Telecommunications use 17.210 14.280
0.990 1.120
Household size -14.670 -7.630
-2.070 —1.440
Agricultural land —4.390 —2.690
-0.710 —0.590
Number of cattle 3.890 2.230
0.910 0.700
More than one source of income 20.510 7.040
1.320 0.620
Household head participates in the —52.000 ~19.660
labor market -1.550 -0.770
Number of workers in the household 0.611 7.940
0.070 1.200
R? 0.110 0.076

Number of observations 161 174

soUurce: Estimated by the authors based on primary survey data (2000, 2001).
NOTE: [-statistics are shown in italics. All variables are in first differences.

insignificant at conventional levels, the coefficient on the differenced tele-
communications use variable is positive for both consumption measures and
suggests that access to telecommunications is potentially responsible for a large
proportion of the changes in consumption during this time period. The magni-
tude of the coefficient indicates that a change (from non-user to user status) in
the differenced telecommunications use variable is responsible for a shift in
consumption from US$14 to $17. Real consumption shows a modest decline
over this period, and the positive coefficient on telecommunications use sug-
gests that access to telecommunications contributes to reducing this decline.

Conclusion

This case study set out to investigate the links between rural household welfare
and access to telecommunications. It emerged that the average telecommuni-
cations user was more highly educated, more likely to work in skill-intensive
occupations, and consumed more per capita compared with the average non-
user. Nevertheless, usage rates were also substantial among low-income house-
holds and among workers in jobs requiring less skill. Users and non-users were
also shown to have different needs for information, and it is possible that the
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telephone is less useful to the information needs of non-users. The direct and
indirect costs of accessing the telephone appeared to play a minor role in the
choice not to use the telephone. Sample households used the telephone to build
and maintain social networks; to access information on government policy and
administrative issues; to acquire information on gold prices and exchange rates;
and to arrange product, money, and labor transfers. By far the most important
benefit associated with access to the telephone was maintaining contact with
family and friends.

A number of different methods were used to quantitively estimate the
effect of telephone use on household consumption with inconclusive results,
probably due to missing variables. However, high revenues, speedy adoption of
the telephone after its introduction, and anecdotal evidence strongly suggest that
users derive substantial benefits from access to telephone services. Finally, our
investigation concludes that achieving higher rates of telephone use and in-
creasing the usefulness of the Rurtel network require not only the availability
of the technology but also access to credible sources of information that meet
the needs of agricultural households.

Implications of Access to Public Telephones:
The Case of Rural Bangladesh
Shyamal K. Chowdhury

This study measures the welfare implications of public telephones in rural areas
in Bangladesh through the measurement of Hicksian compensating variation
(see Appendix 5A for details). There are both economic and development ra-
tionales for providing telecommunications access, as has been discussed else-
where in this volume. Access to telecommunications may be explicitly rationed
by direct costs such as tariffs, or implicitly rationed by indirect costs, such as
the cost of transport and the opportunity cost of time.

In the case of Bangladesh, households living in rural areas were not explic-
itly rationed through high and differential tariffs. Due to the regulatory nature of
the telecommunications industry, however, the direct costs of public phone use
did not vary between rural and urban areas based on the cost of provision, or be-
tween poor and rich households based on their ability to pay. Despite the absence
of variation in the direct costs of use, rural households in Bangladesh were ra-
tioned by the indirect costs of telephone use. Households that are willing to pay
the tariff as well as transport and opportunity costs of their time could travel to
the nearest publicly accessible telephone. However, if a household were willing
to pay the tariff but not the transport and opportunity costs it would effectively
be excluded from access to telecommunications services.

The distance, one-way travel time, and associated transport costs to the
nearest public telephone, along with the usage rate in the rural areas of Bangla-
desh are shown in Table 5.11. As expected, rural household usage depends on
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TABLE 5.11 Distance, travel time, and transport costs to the nearest public
telephone, and usage rate in rural Bangladesh

Distance or time Share of sample Usage rate
to nearest phone in category (percent) (percent)
One-way travel time

Within the village® 15.8 64.4

Within 30 minutes 45.0 26.6

Within one hour 27.8 21.5

More than one hour 11.2 18.8
One-way distance

Less than 2 kilometers 27.1 51.9

2 to < 5 kilometers 335 15.8

5 to < 10 kilometers 22.5 32.8

10 kilometers or more 16.9 20.8
One-way transport cost

No transport cost 21.5 47.5

Up to Tk. 10 50.7 27.1

>Tk. 10 to Tk. 20 16.9 313

>Tk. 20 10.9 9.7
Total 100 303

SOURCE: Primary survey data (2001).

NoOTE: Usage rate is the percentage of households with access to a phone within the specific dis-
tance and who use it.

2 Zero or negligible distance.

nontariff costs, such as transport and travel time, among other factors; the longer
the travel time, the lower the usage rate. In addition, one-way distance to the
nearest public telephone and usage rate, and one-way transport cost to the near-
est telephone and usage rate also show a similar trend. This implies that, given
the tariff rates and other factors, the higher the nontariff cost to the nearest tele-
phone, the lower the usage. This also suggests that the reduction in nontariff costs
of public telephone use may increase a household’s telephone use.

Since 1996, the rural telecommunications market in Bangladesh has been
competitive. However, service access has remained very low. Rural fixed line
teledensity was only 0.039 in 1998 (Table 5.12). In an attempt to address this
issue, the Grameen Bank and Grameen Phone initiated a joint project called the
village payphone (VPP) program (for further background details, see the Ban-
gladesh case study in Chapter 3).

The objective of this case study is to evaluate access and use of telephones
by rural households, and the welfare implications of such use. The findings of
the study are based on a primary survey that was carried out in Bangladesh
in 2001.
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TABLE 5.12 Access to telecommunications in rural areas under different regimes

State monopoly ~ Private monopoly =~ Competition®

Indicators 1989 1995 1998
Share of rural area 10.5% 8.9% 8.9%
Rural fixed line teledensity 0.031 0.036 0.039
Urban fixed line teledensity 1.175 1.640 1.735

SOURCE: BBS, various years.

NoTEs: The share of rural area indicates the total number of fixed lines in rural areas relative to the
total number of fixed lines in Bangladesh; rural/urban teledensity is the number of fixed lines per
100 rural/urban inhabitants.

2n Bangladesh, the authority introduced competition in the cellular telephone market in 1996.
However, rural fixed telephony has remained under private monopoly.

Telephone Users and Expenditure, and Reasons for Use

In the past, the implicit rationing of telephone services, as discussed above, kept
rural telephone use at a very low level. However, though the change in avail-
ability has resulted in increased usage, the majority of rural households now use
public telephones.

Who Are the Users of Telephones in Rural Areas of Bangladesh? Surveyed
households were categorized as ¢ither telephone users or non-users (Table
5.13). Among the sample households, more than 30 percent had at least one or
more members who used public telephones. However, usage varies. It appears
that the availability of public telephones within villages affects overall telephone
use. Among sample households, usage is higher in villages with telephones
compared with villages without telephones. This finding remains constant
across similar income groups (that is, poor households, nonpoor households,
and total households). This observation supports the argument that nontariff
(that is, indirect) costs play an important role in the decision to use telephones
and a reduction in nontariff costs may increase use by both poor and nonpoor
households.

With users and usage identified, it is important to quantify rural household
expenditure on public telephones. For this, users were arranged into four ex-
penditure groups based on income quartiles, two categories based on the type
of village, and two categories based on poverty status (Table 5.14). Telephone
usage is positively correlated with income. While only around 11 percent of the
lowest income quartile use public telephones, more than 59 percent of the high-
est income quartile use them. It is important to note, however, that household
demand for public telephones is not met in the lowest income quartile. More
than 14 percent of poor households that live below the national poverty line use
public telephones. It appears that there is a positive correlation between income
and expenditure on public telephones. This implies that both poor and wealthy
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TABLE 5.13 Who uses the telephone?

With telephone Without telephone

Total Total Poor Nonpoor Total Poor Nonpoor

Number of households 284.0 141.0 56.0 85.0 143.0 42.0 101.0
Yes (percent) 30.3 362 179 48.2 24.5 9.5 30.7
No (percent) 69.7 638 82.1 51.8 75.5  90.5 69.3

SOURCE: Primary survey data (2001).

nNoTE: The classification of poor/nonpoor is based on national poverty line. The survey is representa-
tive of five districts: Dhaka, Bogra, Comilla, Feni, and Tangail.

households use public telephone services, and that consumption increases with
income.

Households in villages with public telephones have higher usage rates
compared with households in villages without public telephones (Table 5.14).
One of the main reasons for this is the substantial indirect costs of accessing
services (in terms of travel and time) for households in villages without a pub-
lic phone. The indirect costs of telephone use for households in villages with a
public phone represent 10 percent of the total cost of use; for households in vil-
lages without a public phone, that amount increases to more than 41 percent.
For this reason, the expansion of public phones in rural areas benefits not only
the village where the phone is located but also nearby villages that benefit from
reduced indirect costs associated with telephone access.

However, though some of the households in rural Bangladesh use public
telephones, others do not. It is important to investigate the available alternatives
to public telephone use and reasons behind the choice (Figure 5.10). House-
holds were categorized based on whether or not their village has a public tele-
phone. Three main alternative methods of communication were reported by
sample households: sending a person, sending a letter through the public postal
system, and traveling to the nearest available public telephone. Other means
mentioned included use of courier services and fax machines. For both types of
households, sending a person was considered the most acceptable alternative
form of communication.

The average number of telephone calls made by rural households varies
from 0.5 to 6.9 per month depending on income (Table 5.15). Households in
the lowest income quartile do not make any local or international calls, mean-
ing they only make domestic long-distance calls. Though migration of unskilled
workers from rural areas in Bangladesh to East Asia and the Middle East is a
visible phenomenon, poor households rarely migrate, a characteristic reflected
in their calling patterns. The call structure also indicates that poor households
may substitute local calls with personal visits, but they make long-distance calls
when it is economically beneficial for them to do so.
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FIGURE 5.10 Alternatives to the use of public telephones in rural Bangladesh
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SOURCE: Primary survey data (2001).

Expenditure on public telephones varied among sample households from
Tk. 27.4 for the lowest income quartile (less than 1 percent of household in-
come), to Tk. 255.5 for the highest income quartile (over 1 percent of house-
hold income). Not surprisingly, poor households as a whole spend a slightly
higher proportion of their income on public telephone use than nonpoor house-

TABLE 5.15 Total household expenditure, calling patterns, expenditures on public
phone calls, and the costs of alternative methods of communication in rural
Bangladesh, 2001

Household's Household’s
average average
monthly number of Average
expenditure calls per month number of local
Category (Tk) (minutes) calls per month
Expenditure group
First quartile 18,373.35 6.95 0.34
Second quartile 6,263.79 533 0.42
Third quartile 4,194.89 2.67 0.46
Fourth quartile 3,159.38 0.50 0.00
Type of village
With public telephone 10.,555.31 4.16 0.38
Without public telephone 12,945.65 6.74 0.29
Poverty status
Poor 3,282.92 229 0.30
Nonpoor 13,131.36 5.78 0.36

SOURCE: Primary survey data (2001).

NoTE: The exchange rate at the time of the survey was USSI to Tk. 56.
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holds. Households from villages without public telephones also spend a higher
proportion of their income on public telephone use compared with households
in villages with public telephones.

The direct cost of alternatives to public telephone use represents more than
6 percent of household income in the lowest income quartile and less than 1 per-
cent of household income of the highest income quartile. In terms of poverty
status, the direct cost of alternative forms of communication represents more
than 2 percent of household income for poor households and more than 1 percent
of household income for the nonpoor households. The total (direct and indirect)
costs of alternative communication methods represent eight times the cost of
public telephone use for households in the lowest income quartile and around
twice the expenditure of public telephone use for the households classified as
poor. This shows an important inequality among poor households. The com-
parative costs of the alternative methods of communications are one of the rea-
sons why rural households, regardless of income group, choose to use public
telephones rather than available alternative forms of communication.

Why Do the Households Use Public Telephones? Households in rural areas
of Bangladesh use public telephones both for economic and personal reasons.
Sample households provided information on the primary reasons why calls were
made and the most important information gained through their conversations

Direct monthly  Total monthly Direct costs Total costs
Average expenditure expenditure of alternative of alternative
number of on public on public methods of methods of
international telephones telephones communications communications
calls per month (Tk) (Tk) (Tk) (Tk)

0.19 255.57 39224 141.68 833.21
0.19 159.87 188.97 190.54 613.62
0.07 54.60 66.42 38.57 74.29
0.00 27.46 29.96 200.00 240.00
0.20 144.85 160.79 81.76 719.13
0.09 221.22 378.40 211.67 546.43
0.07 55.75 67.70 70.00 122.00

0.17 199.30 286.68 149.73 703.10
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FIGURE 5.11 Primary reasons for making public telephone calls, and type of
information received, in rural Bangladesh, 2001
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SOURCE: Primary survey data (2001).

(Figure 5.11). About one-third of telephone calls related to business issues,
including searching for market information and prices and making business
transactions. The next most common reason for telephone use was contact with
family and friends. While some of these calls would be social, family and
friends form an important economic network in Bangladesh, so a proportion of
these calls would also be business related. The third reason given for making
telephone calls was for gathering information about employment opportunities,
both within and beyond Bangladesh. Other important reasons for calling in-
cluded health and medical issues. Notably, there was a mismatch between the
main reason given for calling and the main type of information received through
calls. The mismatch may result from nonavailability of the required information
or biased survey responses, or both.

It is interesting to look at the difference in the reasons for making phone
calls and the type of information received between households in villages with
a public telephone and those in villages without a public telephone (Table 5.16).
While, in villages with a public telephone, the main reason for making calls was
to contact family and friends, only 25 percent of households in villages without
a public phone called family and friends. Conversely, around 25 percent of the in-
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TABLE 5.16 Main reason for calling and type of information received in rural
Bangladesh, 2001

Main reason for calling Type of information received

Village with ~ Village without  Village with  Village without

Category telephone telephone telephone telephone
Business issue 14.0 219 24.0 34.8
Communication with doctors 14.0 6.3 4.0 13.0
Emergency news 6.0 375 0.0 0.0
Employment opportunity 6.0 3.1 16.0 43
Family/friends 36.0 25.0 28.0 26.1
Land transaction 2.0 — 4.0 —
Poultry, dairy — — 4.0 —
Remittance 12.0 — 4.0 —
Social reasons 4.0 3.1 — —
Others 6.0 3.1 16.0 21.7
Total 100 100 100 100

SOURCE: Primary survey data (2001).

formation received by the households in villages with a public phone is business
related, while business-related information represents around 39 percent of the
information received by households in villages without a public phone.

More than 67 percent of information received by households in the low-
est income quartile related to family and friends (Table 5.17). It is interesting
to observe that the role of family and friends decreases as income increases.
This observation supports the view that when access to markets is limited and

TABLE 5.17 Type of information received through phone calls based on income
quartiles in rural Bangladesh, 2001

Income quartiles

First Second Third Fourth

Category quartile quartile quartile quartile Total
Business issue 29.3 5.6 6.7 12.5 17.1
Family and friends 26.8 222 40.0 62.5 31.7
Health 14.6 5.6 13.3 — 11.0
Emergency news 12.2 333 20.0 12.5 18.3
Remittance 7.3 5.6 6.7 — 7.3
Employment opportunities 24 11.1 — 12.5 4.9
Land transactions — 5.6 — — 1.2
Others 7.3 5.6 13.3 — 8.5

SOURCE: Primary survey data (2001).
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imperfect, family and friends play an important role in information sharing. Not
surprisingly, households in the lower income quartiles do not receive any in-
formation on remittances or land transactions. Similarly, they do not receive any
health-related information.

What Is the Welfare Gain from Public Telephone Use? As previously dis-
cussed, access to public telephones for rural households is implicitly rationed
by travel time and transport costs. Under a regulated tariff structure that takes
care of the direct costs, one way to increase access is by reducing the indirect
costs through the expansion of services (that is, by providing a public telephone
in each village). The recent VPP program in Bangladesh has increased house-
hold access to public telephones in rural areas. To evaluate the direct welfare
benefits of the project, we estimated compensating variation.

Whether households benefit from increased access to a public telephone
depends on whether the gain in welfare from having a telephone nearby is higher
than the direct and indirect costs of using it. Compensating variation is the
maximum amount of money that households are willing to pay for telephone
services, while maintaining constant welfare. The estimation of compensating
variation involves two stages: first, parameter estimation, and second, the cal-
culation of compensating variation. Compensating variation was measured for
four different alternatives following Small and Rosen (1981). (See Appendix SA
for details of the methodology used and Appendix 5D for details of the estima-
tions and the statistical results.)

In the case of Bangladesh, four means of communication reported by
households were considered possible alternatives to telephone use: using a tele-
phone elsewhere (for instance, traveling to the nearest town), sending a letter
from the nearest post office, traveling to the recipient or sending a person there,
and a combination of traveling and making a call from other places. As a result,
alternatives to telephone use vary by household. However, for each telephone
call there is only one alternative.

Compensating variation was estimated for four methods of communica-
tion other than the public telephone. The estimated compensating variation is
the benefit to households of using public telephones over the available alter-
native methods of communication. Compensating variation varies across dif-
ferent income groups and among different alternative communication methods
(Table 5.18). To facilitate comparison, local prices were converted to U.S. dol-
lars based on the prevailing nominal exchange rate at the time of the survey.

The estimated compensating variation shows that for all income groups
the rural telephone project improves welfare by comparison with the alterna-
tive methods of communication. In particular, public telephone use directly
contributes to rural household welfare. In the case of Bangladesh, though the
lowest income quartile does not receive greater benefits than the higher income
quartile, the absolute welfare gain from the use of a public telephone is higher
for this group than for other groups.
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TABLE 5.18 Estimated compensating variation for alternative communication
methods to the use of public telephones in rural Bangladesh

Quartile of expenditure
First Second Third Fourth

Method of communication quartile quartile quartile quartile
Alternative forms of communication Compensating variation per call (US$)
Telephone from other place 0.15 0.21 0.20 0.20
Sending letter (post office) 0.11 0.14 0.13 0.13
Travel 0.65 0.84 0.78 0.81
Other 1.19 1.59 1.44 1.56
Cost of public telephone use Direct and indirect costs per call (US$)
0.98 0.54 0.76 0.88

SOURCE: Primary survey data (2001).
NoOTE: The exchange rate is US$1 = Tk. 56.

Conclusion

Based on the calculations of compensating variations undertaken for this case
study, Bangladesh’s rural telephony project, the VPP program, enhances welfare
for the rural community across all four income quartiles. In some cases, it also
enhances distributional equity. Rural households living below the national pov-
erty line spend a higher proportion of their income on public telephone use than
do households living above the poverty line. This implies that a reduction in
both the tariff and nontariff costs of public phone use can increase rural house-
hold welfare in absolute and relative terms. Because poor households spend
comparatively more on alternatives to public telephone use, their savings from
the increased availability of public telephones in rural areas are substantial.

Farmers, Incomes, and the Use of Telephones: The Case of Rural China
Wensheng Wang

Given rapid political, economic, and social change, China’s information and
telecommunications sector grew at annual rates of 30-50 percent during 1990—
2003 as mentioned in Chapter 3. By the end of 1999, China had the second-
largest public telephone network and the largest cellular phone market in the
world. It is extremely important to recognize the social and economic impact
of ICT in rural China because more than half the population resides in rural
areas. Theoretically, the introduction of sufficient ICT services in rural areas
should stimulate social and economic development and an improved standard
of living. Balit, Calvelo Rios, and Masias (1996) point out that the least ex-
pensive input for rural development is knowledge and information, essential for
bringing about social and economic change.
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FIGURE 5.12 Location of sample provinces in China

To obtain a comprehensive understanding of the effects of ICT in rural
China, an empirical study was conducted on Chinese farm households, using a
household survey, by the Fixed Sites Rural Survey (FSRS) office.!? To simplify
the analysis, three provinces were selected for study (Figure 5.12). These three
provinces cover 15 percent of China’s total land area and 22 percent of the to-
tal population (Table 5.19). The data set includes 2,200 households and covers
a three-year period, 1995-97. Jiangsu is located in the eastern coastal area and
borders Shanghai. The distinctive feature of Shandong province is a peninsula
that faces the Yellow Sea and the Bo Sea, providing an advantageous location
for international trade with South Korea and Japan. The province of Sichuan is

12. The office resides with the Ministry of Agriculture’s research Center for Rural Economy
and covers the whole of rural China (31 provinces and autonomous regions, excluding Taiwan),
which encompasses about 20,000 farm households in the survey.
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TABLE 5.19 Area, population density, and per capita gross domestic product by
province in China, 1997

Land area Population  Population density ~ GDP per capita

Province (1,000 km?)  (millions) (people per km?) (yuan)
Jiangsu 102.6 71.48 697 9,344
Shandong 156.7 87.85 560 7,569
Sichuan 485.0 84.30 192 3,938
National total 9,600.0 1,236.26 129 6,048

SOURCE: SSB (1998).
NOTE: | Yuan = US$0.12 in 1997.

a land-locked basin located in China’s central west. Sichuan is isolated by sur-
rounding mountains that significantly limit its economic and social exchange
with other regions.

This case study focuses on the economic impact of access to telephones
by farm households and tries to determine whether there is a positive relation-
ship between telephone adoption and improved income status. The study also
investigates the socioeconomic characteristics of households that are likely to
use the telephone.

The Potential of Telephone Use for Rural Development

In China, subsistence farmers don’t need to interact significantly with people
beyond their own families. Yet in raising output above the subsistence level,
communication is important. Despite low levels of ICT in rural China, studies
have shown that ICT, including the telephone and Internet, have positive im-
pacts on farm households in terms of industrial patterns, market expansion, sale
and supply channels, and education and healthcare. For example, duck farmers
in the Hubei province now sell their ducks directly to customers through a tele-
phone order system (Ke and Zhang 1999). With access to telephones, the po-
tential exists to eliminate intermediaries who do not add value to products. For
example, Haikou village, in the suburbs of the city of Wuhan, is well known
for producing balsam pears. Although farmers had bumper harvests for years
prior to installing telephones, they did not profit from them because local inter-
mediaries had forced prices down. After the installation of telephones in 1998,
farmers were able to contact vegetable dealers in their neighboring province and
sell their products at much higher prices. This experience led to the installation
of 41 telephones in this village within two months (Ke and Zhang 1999).

ICT can also be an economical means of investing in human capital in ru-
ral China. The use of ICT in education programs has provided rural residents
with previously unimagined opportunities. Telecommunications can facilitate
education for both children and adults at low cost. Agricultural universities and
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research institutes have become pioneers in providing Internet-based education
for farmers. The Capital Farmer Network (www.capitalfamer.net) is a popular
Web site that specializes in agricultural technology and provides free online sem-
inars to farmers on new agricultural techniques. Lack of Internet infrastructure,
however, means that few farmers benefit from these services. Medicine is an-
other field benefiting from telecommunications. In the mountain areas of Yun-
nan province, village doctors use cellular phones to consult experts at provin-
cial capital hospitals several hundreds of miles away. Similarly, patient records
can be transmitted via the Internet.

ICT can have even more wide-ranging effects for farm households. For
example, ICT can provide access to timely information on natural disasters and
environmental hazards, and, by facilitating links with government authorities,
it can improve the security of rural communities and make governments more
effective and more transparent, especially in remote areas.

Characteristics of Telephone Subscribers

The extent to which telephones have penetrated rural households can be viewed
in two ways—spatially and socioeconomically. Spatially, telephone penetration
varies among and within provinces. Penetration is high in the plains of the east
and hills of the central region and relatively low in mountain areas of the west,
particularly where economic development is low. As of 1997, of the three sam-
ple provinces, 14.3 percent of farm households had a telephone, and teledensity
ranged from 22.6 percent in Jiangsu province to 0.7 percent in Sichuan prov-
ince. The socioeconomic characteristics associated with telephone use include
annual household income, sources of household business income, grain sales,
farm size, and the education level of the household head.

There is a positive relationship between telephone subscription and annual
household income, and between telephone subscription and annual per capita
household income. Household income is significantly lower in households
without a telephone. It seems that telephone subscription correlates with a per
capita income within the range of about 2,000-3,000 yuan (Figure 5.13). Analy-
sis of the survey data suggests varied results when it comes to additional sources
of business income as a determinant of telephone subscription. Farm size seems
not to be relevant. Households where the head was 31-50 years old had higher
telephone density than those with either younger or older household heads.
Similarly, households where the head was more educated were more likely to
have a telephone.

The Determinants of the Decision to Subscribe to Telephone Services

To measure the influence of socioeconomic factors on telephone subscription
in the sample farm households, the relationship between the various socio-
economic factors and the household choice of whether or not to subscribe to
telephone services were quantified through a Logit regression. Details of the
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FIGURE 5.13 Net per capita income of telephone subscribers in China, 1995-97
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SOURCE: Primary survey data (1995-97).

methodology used are provided in Appendix 5A, while statistical results are
provided in Appendix 5E.

The model results show that there is a significant positive relationship be-
tween telephone subscription and the variables of net annual income, value of
productive fixed assets, number of household members with a professional title,
and educational level ofhead of household. Distance to a main road from villages,
however, is negatively correlated with telephone subscription. The probability
of telephone subscription increases over time in all three sample provinces. For
additional sources of business income, the analysis shows that households
conducting additional agricultural business activities had a higher probability
of subscribing to telephone services than households conducting additional non-
agricultural business activities. Households reporting “mainly agricultural and
other” business activities were most likely to be telephone subscribers, whereas
households reporting “other” business activities were much less likely to sub-
scribe. This result, contrary to what other case studies have shown (that house-
holds undertaking nonagricultural activities were more likely to use telephones),
may be caused by the large absolute number of households conducting mainly
agricultural and other business activities, despite the relatively low level of tele-
phone density.

The household survey classified farm household heads by education level:
illiterate, primary school education, secondary school education, and university
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education or above. Results are consistent with most existing studies of house-
hold demand for telephone subscription: the higher the level of education, the
higher the probability of telephone subscription. Although (also consistent with
other studies such as the Ghana case study in this chapter), the large gap in adop-
tion between households where the head is illiterate and households were the
head is primary-school educated suggests that primary school education makes
the most significant educational impact on the decision to subscribe to tele-
phone services.

Impacts of Telephone Adoption on Income

The relationships between telephone subscription and income growth or busi-
ness diversification were examined using linear and Logit regressions, respec-
tively. Details of the theoretical framework and statistical results are provided
in Appendix 5E. As mentioned earlier, even though subsistence farmers do not
need to interact significantly with persons outside their own families, farmers
with additional sources of business income may need to communicate more
frequently with people within or outside their communities, as was shown in
previous case studies. Therefore the hypothesis we try to test is whether the shift
from agricultural to nonagricultural businesses (as a proxy for major household
welfare) is related to telephone subscription. Thus, we constructed a Logit
model to explain the shift by farm households from primarily agricultural busi-
nesses to nonagricultural types of businesses with variables including province,
additional business income sources, geographic features of the village where
the farm is located, number of family members with professional titles, distance
from village to a main road, fixed productive assets, net annual household income,
and telephone subscription.

The estimation results, consistent with our previous results, indicate that
there is no significant relationship between telephone subscription and shifts in
the kinds of additional businesses conducted by farm households. This may mean
that telephone use influences business efficiency but not the transition of other
types of businesses in the short term. Alternatively, telephone subscription may
not cause changes in the kinds of additional businesses operated by farm house-
holds; rather, the change in the business may create a need for a telephone.

Conclusion

The analysis for this case study shows that the primary determinants of telephone
subscription for farm households in China are net annual income, educational
level of household head, number of household members with a professional title,
and additional sources of business income. In particular, the demand for tele-
phone services in farm households largely depends on net income. Primary
education plays an important role in the decision to subscribe to telephone ser-
vices; if the head of household has a professional title, the household is highly
likely to have a telephone.
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There are also positive relationships between telephone subscription and
income growth, although some of the effects of these factors are not statistically
significant. Changes in sources of additional business income do not appear to
be correlated with telephone subscription. This may either mean that telephone
subscription does not cause changes in the economic activities of farm house-
holds or that a shift in types of businesses operated by farm households may
lead to the need for a telephone. Further, access to a telephone may improve busi-
ness efficiency rather than causing a change in the type of business conducted
by the household in the short term.

The analysis provides economic insights about the characteristics of rural
telecommunications demand China. For example, the per capita income thresh-
old for telephone subscription (approximately 2,000 and 3,000 yuan) is indica-
tive of the potential rural telecommunications market and may have implications
for telecommunications policy.

The Effects of Public Telephone Services: The Case of Rural Ghana
Romeo Bertolini

This case study explores household characteristics associated with the use of
public telephones in rural Ghana, focusing on who uses public telephone ser-
vices in rural areas, what determines use, and how the intensity of use relates
to household characteristics. To identify the direction, magnitude, and signifi-
cance of influencing variables on the decision to use public telephone services,
in terms of both use and intensity, a concept developed by Mitchell (1978) and
modified by Torero (2000) was applied (details of the methodology are provided
in Appendix 5A). Households make decisions when using telephone services.
The first decision is to access the telephone, depending on whether their bene-
fits from use exceed the cost (for example, the transportation and time cost of
going to the telecenter). Once the decision to use the phone is made, the next
decision is how much they will use it (that is, their intensity of use). In this case
study, the first decision is modeled using a dichotomic Logit model and the sec-
ond using a Tobit model (given that the intensity of use is only relevant for those
households that use to the telephone, not for all of them; details of the concep-
tual framework and statistical results are provided in Appendix 5F).

Survey Design and Data

Telecommunications services in rural areas of low-income countries are usually
provided in the form of public phone booths or telecommunications centers
(telecenters). Individual access is scarce and mainly subject to infrastructural
constraints, meaning lack of telephone lines and switching capacity (Bertolini
etal. 2000). Bearing this in mind, locations were chosen where public telephone
access was available and where the predominant economic activities included
agriculture, rural industry and services, and trade in agricultural products
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(Republic of Ghana 1995). The town of Akatsi in the Akatsi District of southern
Volta was selected, along with Agbedrafor and Gefia, 1 and 5 kilometers from
Akatsi, respectively. These two additional communities were chosen, respec-
tively, to be within and outside the universal access area, defined as the area
from which public telephone services could be reached within 30-minute walk-
ing distance.

Within the Akatsi District, 20 fixed lines were available in the district cap-
ital (Akatsi) through an exchange located in the regional capital (Ho). Seven of
these 20 lines were publicly accessible. Despite long waiting lists, indicating
significant unmet demand, lack of infrastructure prevented expansion of the
network, leaving 88,000 district inhabitants sharing 20 fixed telephone lines—
though inhabitants in the western boundaries can also access telephones outside
the district. Regardless, teledensity is extremely low in rural Ghana (Bertolini
et al. 2000).

In a first round of interviews, 410 sample households were assessed based
on whether or not they used public telephone or facsimile services. The results
showed that 48 percent of all screened households (197) were regular users. A
more detailed household questionnaire was then applied randomly to a subset
of households to assess the main socioeconomic features of the two groups and
reasons for telecommunications use. Ultimately, 170 detailed household sur-
veys could be used in the data analysis.

As mentioned earlier, household expenditure reflects the intensity of
telecommunications use. Households were asked how much they spent on tele-
communications over the previous month. Average expenditure of Ghanian cedis
(¢) 21,882.5 was also compared with overall household expenditure (Table
5.20).13 This comparison led to the conclusion that telephone services accounted
for approximately 5 percent of the sample households’ overall expenditure.

Determinants of Telephone Use

Table 5F.1 present two alternative estimations of the reasons why household
access public telephones services. The first specification uses a measure of in-
come constructed from the survey, while the second includes as an explanatory
variable a self-assessment of the economic status reported by the household rel-
ative to other households of the same village. Households with male heads have
a higher probability of accessing public telephone services in both specifications
as do those with younger heads, although this second variable is only statisti-
cally significant in the first specification.

Similarly, and as shown in all the previous case studies, the higher the ed-
ucation, the higher the probability that a rural household will access a public
telephone. Although, as our measure of income improves, the marginal effects

13. The exchange rate in April 1999 was cedis 1,000 = US$0.37.



Impacts of ICT on Low-Income Rural Households 285

TABLE 5.20 Household expenditure on telephone services in rural Ghana, 1999

Number of Standard
Expenditure observations Minimum Maximum Mean deviation
Monthly expenditure on 120 0 400,000 21,882.50 41,299.70
household telecommu- :
nication services (cedis)
Expenditure on telecom- 120 0 25.5 5.1 4.5

munications services as
a share of overall
expenditure (percent)

SOURCE: Primary survey data (1999).
~Note: The exchange rate in April 1999 was cedis 1,000 = US$0.37.

of higher levels of education are absorbed. This can clearly be seen by com-
paring the results of the first and the second specifications. In the first specifi-
cation, income has a positive and significant impact on access, but in terms of
education only access to primary education is significant. In the second speci-
fication, however, where our measure of income is a relative comparison with
other village households (and hence captures fewer income differentials), all
the levels of education are significant and positive, and the self-assessment of
economic status is either significant or, in the case of the poorer households,
significant and negative. This shows that differences in education levels reflect
the effects of education on income when these effects measured in aggregate.

This clearly implies an important correlation between income and educa-
tion, creating a problem for our specification. Nevertheless, we decided that the
income variables in the first specification incorporate other useful explanatory
variables, such as entrepreneurship and other income activities, so there were
additional benefits to including these variables. When the income variable is ex-
cluded, all education variables are significant and positive, as expected. Finally,
and as is the case in other studies, the results show that primary school educa-
tion has the strongest educational influence on telecommunications use. Finally,
the impact of location on the likelihood of telecommunications use was esti-
mated using dummy variables for Agbedrafor and Gefia. The results showed no
significant impact for Agbedra and were mixed for Gefia, but they confirmed
that increased distance from the household location to telecommunications
services in Akatsi had a negative impact on telecommunications use.

Determinants of the Intensity of Use

Explanations for the intensity of telephone use among households are similar
to the explanations for use. Similarly, households with male heads, younger
heads, more educated family members are the ones that use the telephone more
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frequently. Moreover, gender, education, and income seem to be the most im-
portant variables determining intensity of telephone use. Specifically, in the
case of income the results showed that intensity of household telephone use is
extremely sensitive to income increases.!# An increase of 10 percent in house-
hold income results in a doubling of household expenditure on telephone use.
Similarly, a reduction in 10 percent in household income implies a fall of over
20 percent in household expenditure on telephone use. There are two possible
explanations to this result. On one hand, it has been shown in the literature that
the lower the penetration of telephones, the higher the own price elasticity of
the households (see, for example, Torero, Schroth, and Pasc-Font 2003); there-
fore, given that the area of study is characterized by a very low telephone pen-
etration and we are not controlling for the price of the telephone call, this could
be captured in the high income elasticity identified.!® A second explanation is
that rural households are more sensitive to income shocks than wealthier urban
households, hence they will immediately adjust the consumption of goods not
necessary for subsistence under negative income shocks.

The size of the household, although positive, is only significant in the sec-
ond specification, so the hypothesis that the more housechold members the greater
the household’s telephone use intensity can only be accepted with reservation.

The index that reflects the degree of participation of the household in
community-based organizations is positive, although not statistically signifi-
cant in either of our specifications. This result could imply that issues discussed
and analyzed at the community level mainly refer to local issues so there is not
necessarily a significant benefit from obtaining additional information through
the use of the telephone. This result requires further research to try to differen-
tiate the type of community-based organizations with respect to their require-
ments of information outside specific local issues.

In terms of household location, the results of the Tobit equation support
the results obtained in the accessibility models. Gefia seems not only to have
less access to public telephones but also lower use intensity, which could be a
reflection of lower household income or be related to a restricted supply.

Conclusion

The analyses undertaken for this case study confirm a set of characteristics that
increase the likelihood of rural household telecommunications use and inten-
sity in rural Ghana. The first set of characteristics relate to the household head,

14. It is important to mention that the relationship was not determined to be causal, however;
telephone access could actually be responsible for the higher household income.

15. We cannot control for the price of a telephone call because the survey was implemented
at one point in time, hence there is insufficient price variation to capture price elasticity.
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whereby households with male heads and heads with at least a primary school
education are more likely to use public telephones intensely. Household income
also has a strong positive impact on household telecommunications use and
intensity of use.

Specific variables that were included in the Tobit model estimations—
income source, participation in community-based organizations, and household
size—did not generate the expected results. This is particularly true for house-
hold participation in community-based organizations and the primary source of
household income. Interestingly, it seems that both the likelihood and intensity
of service use do not necessarily increase with increased wealth or education.

The location of the household is also not as important as anticipated.
Within the regression exercise, a statistical difference in use and intensity of use
by inhabitants of Akatsi and Agbedrafor could not be shown. The expense and
time required to travel to Akatsi to access telecommunications services reduces
both use and intensity of use by households located in Gefia, though the effect
was not as significant as expected, at least for results from the Probit model.

Appendix 5A: Overview of Methodology

When trying to understand household demand for telephone services, the basic
model followed in this chapter initially assumes that a single consumer has con-
stant marginal utility of income (meaning the additional amount of satisfaction
received from an additional unit of consumption is constant) and a separable
utility function (that is, the relationship between the marginal utility generated
by the consumption of telephone calls and the marginal utility of the consump-
tion of other goods is irrelevant, and therefore both utilities can be added), for
telephone calls g and other goods x (Mitchell 1978):

Ulx, ) =x+V(g). )]

The consumer maximizes utility in Equation (1) subject to his or her budget
constraints:

y=x+td(L+pg), 2

where y is income measured in x units, L is the fixed monthly charge for tele-
phone service, and p is the vector of prices of local and long-distance calls. The
parameter is & = 1 if the consumer obtains telephone access, and 8 = 0 if the
consumer does not.

As mentioned in Mitchell (1978), we can recast the optimization problem
as one of maximizing the differences between the utility of telephone access
and its cost, the difference being the net economic gain of having a telephone:

Max V(g) - ol +pg)]. €)



288 Maximo Torero and Joachim von Braun

In this way, the demand for access or connection is stated as

9=1 if R@p)=L,

=0 if R(p)<L “)

where the consumer’s reservation price or surplus (R(p)), is given by

R(p)= mgX[V(q) -pql. )

Econometrically, the access is measured using a qualitative variables model.
Specifically, each household realizes a cost-benefit analysis of having or not
having access to a telephone, comparing the consumer surplus R(p) with the cost
of access, L. This variable, z*, cannot be observed, but it can be expressed as

z*¥=9d%+¢ ©6)

where £ is normally distributed with mean zero and variance 1. Given that we only
observe households with or without access to a telephone, the observation is

z=0 if z*20

z=1 if z*>0, ™
with symmetry, the probability of z=1is
Prob[z* > 0] = Prob[e < d%]. ®)

=®(0'x)

The next step is to measure impact of the telephone based on access and
intensity of use. The main problem in identifying impact is the difficulty of dis-
entangling the extent to which the telephone use and rural household con-
sumption may be linked in a cause—effect relationship. We use both traditional
and relatively new methods to control for simultaneity between telecommuni-
cations use and consumption, and then attempt to identify the effect of tele-
communications on household consumption. The availability of panel data, while
short, also increases our ability to address the issue of endogeneity.

Consumer surplus, the most frequently used method of measuring the wel-
fare effect of ICT, is described below through the use of compensating variation
techniques; consumption functions and matching techniques, the quantitative
tools used in case studies in this chapter, are presented thereafter.

Measuring Compensating Variation

In order to measure the consumer surplus more formally, we calculate com-
pensating variation adopting the methodology proposed by Gertler and Glewwe
(1989) for the case of education. We use the central elements of the Gertler and
Glewwe model, but add a new price. It is assumed that rural households have a
utility function that depends on the consumption of other goods and services
and of the access to the public telecommunications in the rural areas. Both
goods have a cost, so the household must choose an optimal combination given
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its budget constraints. The price of using a public telephone in rural areas in-
cludes the direct cost (the call fee) and the indirect costs (transport cost, time
of trip, and so on). Rural households compare the utility of using a public phone
with the utility of not using one, and if the utility of use is higher, they will
choose to use the service. Formally, this decision can be expressed as U, and
the expected utility is then expressed as

U, = ULC, 4), )

where 4 is the access to the public phone and C_ is the feasible consumption af-
ter the direct and indirect costs of access are taken into account. On the other
hand, if the household chooses not to use the public phone, the utility function
can be expressed as

Ve = UG (10)

na

where C __ is possible consumption, discounting the cost of using an alternative
means of communication, such as traveling, sending a letter, and so on. There-
fore, rural households will access public phones if U, > U , given their budget
constraints:

G+ B =G+ B =Y, (1

where P, is the direct and indirect cost of accessing a public telephone, P,  is
the cost of the alternative means of communication, and Y is the disposable
household income.

A linear specification of the conditional utility function is not possible be-
cause the family income, among other variables, can influence the decision of
whether to use the phone. If this specification were used, it would mean that the
decision rule U — U would not depend on the income. Therefore, following
Gelter and Glewwe (1988), a semiquadratic specification is used that combines
a linear specification of access to a public phone with a quadratic equation
representing net consumption:1©

U=0pgd+a,(Y-P)+oY-F) +e, (12)
The utility of using alternative communication methods can be written as

Ue= al(Y _Pna) + QZ(Y_ Pna)2 + 8na

na

U;m = V;ta + ena‘

(13)

The identification of the parameters of Equations (12) and (13) is guaranteed
as long as the indirect costs of accessing a public phone or alternative form of
communication vary among households.

16. A semiquadratic specification is preferred to ensure that the difference U, — U depends
on income. This does not occur if a linear specification is used.
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It is also possible to assume that the utility obtained through the use of the
public phone by each household depends on the motivation for use, the specific
characteristics of each household, the characteristics of the household mem-
bers, the expected benefits, the quality of the service, the communication needs,
and so on. All these variables can be represented in vector X. Therefore, the
equation can be specified as o, 4 = BX + €, with the following modifications
to Equation (12):

U=BX+ al(Y—}Z)+oc2(Y—1jz)2+ea+E_,a

U=V +1. (13)

According to the model of random utility,!” the demand for public phone ser-
vice is the probability that U, is greater than U, . The following equalities can
be expressed:

Prob[A]=Prob[U,> U ]
Prob[A]l=Prob[V,+1,>V +¢ ] (14)
Prob[A] =Prob[V, -V +v>0]

Then, assuming that n distributes as a logistic function, the probability of ac-
cess to public phone services can be expressed as

1

Pr Ob[A] = m.

(15)
The Logit estimation of Equation (15) permits the calculation of the household
disposition to pay for the telephone service rather than an alternative form of
communication (sce Maddala 1983; McFadden 1984). This disposition to pay
is calculated as a compensated variation. In this way, an estimation of the ben-
efit obtained by a rural household for the use of a public phone is obtained. The
compensated variation of a Logit model can be expressed as

VC=(/M[In[exp(¥,,,) + exp(V)] - In[exp(V;) + exp(F)]},  (16)

where ¥/ and ;" are functions evaluated for the alternative form of communi-
cation or different distances to the nearest public telephone.

Assessing Impact Using Consumption Functions

Rather than concentrating on the individual household consumer surplus, the
main objective of this methodology is to identify whether a difference exists in
the consumption of user versus non-user households. Therefore, the aim is to
control for all other observed and unobserved factors that may determine con-
sumption, and isolate the consumption gap between user and non-user house-

17. See in Greene (2000) for an explanation of a random linear utility model and Train (1993)
for an explanation of a random nonlinear utility model.
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holds that may be attributed to the use of a public telephone. To clarify this dis-
cussion and outline the estimation methodology, consider the following two-
equation system:

C,=XB+38T +¢,and (17)
T=Zy+u, (18)

where C, is per capita total or cash consumption for household /; X, and Z, are,
respectively, vectors of variables that potentially influence consumption and the
probability of being a telephone user; 7, indicates whether a household is a tele-
phone user or not; B, 8, and y are coefficients to be estimated; and €, and u, are
assumed to be N(0, 62) and M(0, 6?2), respectively. A potential strategy is to
rely on ordinary least squares (OLS) to estimate Equation (17) and obtain esti-
mates of the coefficient on T,. The estimated coefficient on the telephone use
indicator may be interpreted as a public phone use (treatment) effect. While
straightforward, this strategy may be flawed. The simultaneity problem arises
as unobserved factors that determine telephone use may be correlated with un-
observed factors that determine consumption. In such a situation 7, and €, will
be correlated. If they are positively (or negatively) correlated, then estimates
that do not account for this correlation will overestimate (or underestimate) the
effect of telephone use on consumption. While incorrect or inconsistent esti-
mates of the use effect are a possibility, there are circumstances under which
OLS will yield consistent estimates. If X contains all the variables that may in-
fluence the probability of a household using a telephone and the error terms in
Equations (17) and (18) are uncorrelated (conditional on X), then OLS esti-
mates of Equation (17) will yield consistent estimates of the use effect.

Therefore our estimates should control for the possibility that the use sta-
tus of households depends on unobserved characteristics. This procedure is an
extension of the Heckman selection model and is often called the treatment-
effects model in the literature (see Vella 1993, for example). The idea is to cre-
ate and include an additional variable in Equation (17). This additional variable
(generalized residual) controls for the potential correlation between the two er-
ror terms. The estimation of Equation (17) with the inclusion of this additional
variable should lead to consistent estimates.

Assessing Impact Using Matching Methods

An alternative approach to estimating the effect of telephone use is to rely on
matching methods. This approach is based on comparing average per capita
consumption between user households (the treatment group) and non-user house-
holds (the control group) ensuring that the two groups are as similar as possible
in terms of their observed characteristics. In practice, each household in the
treatment group is matched to a household in the control group on the basis of
similarities in their probability of using telephone services. This approach to
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evaluation works well if selection into treatment and control groups depends on
observed characteristics and the distribution of unobserved characteristics is the
same across both groups (for details see Rosenbaum and Rubin 1983; Heck-
man, Ichimura, and Todd 1997). Other conditions to ensure consistent compar-
isons are for information on the treatment and control groups to be gathered
using the same questionnaire and for the two groups to come from the same
economic environment.

Inferences about the impact of access to telephone services on an individual
household involve speculation about how the household would have responded
had it (or at least its members) not obtained telephone access. The simplest of
such models is

¥, =0+ yd, g, (19a)

where j is the index for both the control group (j = 0) and the treatment group
(=1 dj is 1 if the household has access to a telephone and zero if it does not;
and v is the impact of the treatment effect of access to a telephone. In this sense
the no-treatment counterfactual is assumed to obey an additive model, while the
treatment effect is constant:

Yo, =0+ €5 Elyy J=0y (19b)
ylj’—yoj='Y‘ (19C)

Equation (19b), stating that changes in household welfare in the treatment
group (expressed either as the household’s expenditure or its income) only stem
from the use of public phones, is required for identification of causality. If the ad-
ditive model is conditional on covariates X, then identification will be based on

E[yoj |X]= OLJ.(X) and (20a)
Ey;—yo; X 1=7(X). (20b)

To estimate the hypothetical difference in the impact variables for house-
holds that use public phones compared with the households that do not, we
follow the Roy—Rubin model.1® If we define a binary assignment indicator, D,
indicating whether an individual unit participated in the program, the treatment
effect of each individual unit is then defined as the difference between its po-
tential outcomes:

A=YT_YC (21)

where Y is the change in the impact variable and the supra indices refer to the
treatment group (T and the control group (C). Since there is no opportunity to

18. The original ideas can be found in Roy (1951) and Rosenbaum and Rubin (1983). For
further discussion of these approaches, see Hujer and Wellner (2000) and Lechner (2000).
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estimate individual gains with confidence without observing YT and Y for the
same individual unit simultaneously, we must concentrate on the average pop-
ulation gains from treatment, or the average treatment effect on the treated:

E[A|D=1]=E(XT|D=1)-E(X“|D=1). (22)
Then, if the following condition holds:
E(YC|D=1)=EX°|D=0), (23)

we can use nonparticipants as an adequate control group. If, in addition to the
treatment and outcome, we also observe a background variable (or vector of vari-
ables) X, and we believe that the treatment depends on the potential outcomes
only through X, we can state the unconfoundedness'® condition formally as

E(YC|D=1,X,=x)=E(Y°|D=0,X =x). (24)

As mentioned previously, in nonexperimental data, access to a telephone
would generally not be independent of potential outcomes because the decision
to obtain access to the telephone is likely to be correlated, for example, with the
local level of income or with unobserved village characteristics related to its
overall income level. However, because public telephones were assigned in our
case study data in a quasi-experimental fashion, independent of household in-
come, and because the outcomes of interest are impacts over welfare of access
to telephones, unconfoundedness is likely to be conditional on characteristics
of the household observed.

Appendix 5B: Statistical Results, the Case of Peru

Probabilities relating to rural household access to public phones were first es-
timated using a Logit model. Table 5B.1 reports the results of this analysis,
based on three different specifications, along with the parameters and marginal
effects. The first model incorporates the variables of consumption and squared
consumption and the characteristics of the head of the household (age, educa-
tion, native language, economic activity). The second model incorporates a con-
trol variable—the type of village in which the household is located. Finally, the
third model incorporates additional control variables—household perceptions
of the possible benefits of public phone use. In addition, a variable measuring
household composition (the number of household members) was also included.

The coefficients of the variables net consumption and squared net con-
sumption are statistically significant in the three specifications. Therefore, utility

19. Unconfoundedness is a stronger causality criterion condition implying lack of causal
biased of the conditional expected values E(¥ / X = x). Unconfoundedness holds in randomized ex-
periments, but it may hold in nonrandomized experiments, as well.
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TABLE 5B.2 Compensating variation for the use of alternative methods of
communication in rural Peru

Expenditure group

First Second Third Fourth

Communication method quartile quartile quartile quartile
Alternative communications methods Compensated variation® per phone call
(Peruvian new soles)
Sending a letter (post office) 5.83 6.31 6.52 6.81
Sending a letter (transport agency) 4.89 5.10 5.29 5.48
Radio 4.91 5.13 5.35 5.65
Traveling 7.00 8.52 9.27 9.82

Direct and indirect costs per phone call
(Peruvian new soles)
Rural public phone use 4.48 3.81 3.13 2.91

source: Calculated by the authors from primary survey data (2000).
2Following Small and Rosen (1981).

is nonlinear in consumption. It is worth mentioning that the direct and indirect
costs of public phone use (P, in the model) are entered into the regression
through such variables. The variability of this price makes it possible to iden-
tify the coefficients of the model. Next, we analyzed the welfare effect of pub-
lic phone use compared with available alternatives by calculating compensat-
ing variation from the results of the Logit model estimations (Table 5B.2). Once
again, calculations were made for four expenditure groups. The costs of alter-
native communication methods are included, along with the time commitment
required for each. In all cases, the estimated compensating variation is greater
than the cost of using public phones, which confirms the increased welfare to
the rural population. This result is consistent with Bayes, von Braun, and Akhter
(1999) for a similar project in the rural areas of Bangladesh. It is also consis-
tent with the results observed in Cannok (2001) for Peru.

Appendix 5C: Detailed Data Comparison, the Case of Laos

Table 5C.1 compares descriptive statistics from the 2000 primary survey with
selected statistics from the 1997/98 LECS. Table 5C.2 presents selected de-
scriptive statistics for the two primary data sets used in this case study. The first
column in Table 5C.2 contains information on the complete data set collected
in 2000. The mean per capita annual consumption was $192 (including an im-
puted monetary value for a household’s own consumption), while per capita
cash consumption was somewhat lower, at about $140. On average, the house-
hold consisted of 6 members, 2.63 of whom were working; the household head
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TABLE 5C.1 A comparison of descriptive statistics for rural Laos, 1997/98 and 2000

ZEF LECS
(2000)  (1997/98)

Variable Mean Mean Mean difference?
Household size 6.0 6.4 -0.4037
24 (2.5) -3.6860
Age of household head 44.0 424 1.6100
(12.2) (12.6) 2.8390
Years of education of household head 6.0 4.1 1.8838
4.4 3.7 9.7300
Agricultural land (acres) 1.6 0.8 0.8738
(2.0) (12) 10.0810
Number of cattle 2.1 1.9 0.1615
(3.8) 4.0) 0.8970
Annual per capita consumption 192.64 102.14 90.0000
(USS in 2000 prices) (178.96) (100.27) 11.4740

Sample size 606 2,441

SOURCE: Laos Expenditure Consumption Survey (LECS 1997/98) and primary survey data (2000).

NOTES; Standard deviations are shown in parentheses, f-statistics are shown in italic. Data are based
on a subset of LECS data.

2t-test for equality of means.

was about 44 years old and had completed primary school; and the household
had about 1.6 acres of land and 2 head of cattle. An interesting feature is that
42 percent of the households had more than one source of income. Employment
activities were quite diverse. While some household members worked on farms,
others carried out trading activities or ran small businesses. Typically, house-
holds with diverse income sources had higher consumption levels than households
with only one source of income.

Descriptive statistics for 190 households surveyed in 2000 and 2001 (the
contro] group) are shown in columns 2 and 3 of Table 5C.2. Real consumption
changed very little during the year, and all other changes in variables were
minor.2% This is not surprising considering the short time span between the two
surveys.

In terms of the incidence of telecommunications use, for the full survey
sample the rate was about 33 percent. For the sample subset, the incidence of

20. We were unable to find inflation figures for the period 2000-01, hence rates for 1999—
2000 (about 10.6 percent) were used to deflate the consumption figures. It is possible that the actual
inflation rate was lower because it was reported that inflation has been stable since 2000. In that
case we may have underestimated real consumption.
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TABLE 5C.2 Selected descriptive statistics from the 2000 and 2001 household surveys

Households in Bounnua  Households in Bounnua

Full sample and Phukun and Phukun
2000 2000 2001
Variable ) ()] 3
Annual per capita 192.64 131.21 129.87
consumption (US$ (178.96) (79.55) (89.29)
in 2000 prices)
Annual per capita cash 141.35 79.21 75.09
consumption (155.19) (59.59) (69.75)
Incidence of telephone use 33.00 7.80 37.80
(percent) (47.06) (27.00) (48.60)
Household size 6.00 6.05 6.08
(2.40) (2.46) (2.53)
Age of household head 44.00 43.40 44.40
(12.20) (13.59) (13.24)
Years of schooling- 6.00 3.47 4.65
household head (4.40) (2.51) (3.90)
Agricultural land (acres) 1.63 1.43 1.41
(2.04) (0.99) (1.12)
Number of cattle 2.10 2.01 2.32
(3.80) (2.65) (2.93)
Income source, agriculture 48.30 64.70 63.70
only (percent) (50.00) (47.90) (48.20)
More than one source of 41.90 30.50 33.60
income (49.30) (46.10) (47.30)
Household head 94.50 92.60 97.80
participates in the labor (22.70) (26.10) (14.40)
market (percent)
Number of household 2.63 2.55 2.73
members working (1.21) (1.12) (1.18)
Sample size 606 190 190

SOURCE: Primary survey data (2000, 2001).
NoTE: Standard deviations are shown in parentheses.

telecommunications use increases from 7.8 percent in 2000 to 37.8 percent in
2001, clearly indicating the implementation of the Rurtel project and house-
holds’ prompt adoption of the newly available technologies.

Appendix SD: Statistical Results, the Case of Rural Bangladesh

Table 5D.1 presents summary statistics on user status; annual household ex-
penditure; education, occupation, age, and gender of household head; and size
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TABLE 5D.1 Summary statistics, the case of rural Bangladesh

Standard
Variable Minimum  Maximum Mean deviation
User status 0 1 0.30 0.46
Expenditure, yearly total (Tk.) 6,300 1,055,000  81,496.29 98,190.45
Education, household head? 0 1 0.84 0.38
Occupation® 0 1 0.54 0.50
Age, household head 15 85 46.57 12.747
Household size 2 10 5.38 1.74
Settlement with telephone (yes = 1) 0 1 0.49 0.50
Gender, household head (male = 1) 0 1 0.94 0.23

SOURCE: Primary survey data (2001).
NoOTE: The 2001 exchange rate for Bangladesh was US$1 to Tk. 56.
2Literate—illiterate dummy, where illiterate = 0.

bAgriculture-nonagriculture dummy, where agriculture = 1.

of household; along with a village public telephone access dummy. Among the
covariates included in the estimation, household expenditure is measured in
local currencies; age is measured in years; and user-status, occupation, and
gender are dummy variables.

For the purposes of the estimation (and to calculate compensating varia-
tion), both the direct and indirect costs of public telephone use were taken into
account. The direct cost of telephone use includes the total cost of each tele-
phone call made, two-way transport costs to the nearest public telephone, and
the opportunity cost of time of the return journey, converted to the prevailing
wage rate. For the determinants of telephone use, a Logit model was estimated
based on three different specifications that are assumed to capture the stability
of estimated coeflicients. Table 5D.2 presents the Logit coefficients, while Table
5D.3 presents the standardized Logit coefficients. The estimated coefficients
remained stable and consistent across all three specifications.

The individual coefficients, the coefficients of consumption, and the co-
efficients of consumption squared are significant at the 1 percent level, implying
that the marginal utility gain from consumption (net of telephone expenditure)
diminishes relative to the gain from the consumption of telecommunications
services. Direct and indirect costs of telephone use are incorporated into the
consumption variables, and it is the variation in prices that is significant. The
coefficient of a village dummy that expresses whether a village has a public
telephone or not is significant and positive, implying that the availability of a
telephone at a minimum distance significantly increases telephone consump-
tion. Other significant covariates are the education and occupation of the head
of household. Literate household heads are more likely to be telephone users,
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TABLE 5D.2 Determinants of telephone use in rural Bangladesh (Logit coefficients)

Covariates Model 1 Model 2 Model 3

Consumption (x1072) 0.021 0.02 0.02
(0.004)*** (0.004)*** (0.004)***

Consumption squared (x10%)  -1.92x 10-5 ~1.58 x 1075 -1.78 x 105

(5.79 x 10-6)**x* (6.09 x 1076)*** (6.21 x 10-6)***
Household characteristics

Education of head of 1.6185 1.6556
household (0.6631)*** (0.6601)**
Occupation of head of —0.6333 —0.7062
household (0.3173)** (0.3228)**
Age of head of household 0.0067 -0.0397
(0.0748) (0.0793)
Age of head of household 0.00001 0.0004
squared (0.0007) (0.0008)
Size of household 0.1014 0.1019
(0.0961) (0.0986)
Sex of head of household -1.4678 -1.4249
(male = 1) (0.6306)** (0.6458)**
Village has a public telephone 0.8831
(yes=1) (0.3250)%**
Constant -2.1075 —2.555 -1.9209
(0.2593)*** (1.9713) (2.0237)
Log-likelihood -145.95 -136.69 -132.84
Number of observations 280 280 280
LR chi? 46.72 65.25 72.95
Probability > chi? 0.0000 0.0000 0.0000
Pseudo R? 0.1380 0.1927 0.2154

SOURCE: Primary survey data (2001).
NoTES: Standard errors are shown in parentheses. **Indicates significance at the 5 percent level; ***indicates
significance at the 1 percent level. LR indicates likelihood ratio.

as are nonagricultural households. In addition, female household heads are
more likely to use a telephone than their male counterparts.

Appendix SE: Statistical Results, the Case of Rural China
Determinants of the Decision to Subscribe to Telephone Services

The sample population consists of approximately 6,000 farm households in the
three selected provinces for the period 1995-97. In the model specification,
telephone subscription is defined as a binary dependent variable (to subscribe
or not to subscribe). The following independent variables are selected and used
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TABLE 5D.3 Determinants of telephone use in rural Bangladesh (standardized Logit coefficients)

Covariates Model 1 Model 2 Model 3
Consumption (x1072) 0.00416 0.00318 0.00341
(0.001)y*** (0.001y*** (0.001 y***
Consumption squared (x10—%) -3.86 x 1076 -2.96 x 1076 ~3.29x 10°¢
(0.0)*** (0.0)*** (0.0y**
Household characteristics
Education of head of 0.2235 0.2236273
household (0.0581)*** (0.05645)**
Occupation of head of -0.1198 -0.1321879
household (0.06)** (0.0607)**
Age of head of household 0.0012 —0.0073519
(0.014) (0.01468)
Age of household head 2.46 x 106 .0000786
squared (0.00014) (0.00014)
Size of household 0.01899 0.0188562
(0.01795) (0.01821)
Sex of head of household —0.3362 —0.3244714
(male = 1) (0.151)** (0.15588)**
Village has a public telephone 0.1633277
ey
(0.05956)***
Log-likelihood —145.95 -136.69 -132.84
Number of observations 280 280 280
LR chi? 46.72 65.25 72.95
Probability > chi? 0.0000 0.0000 0.0000
Pseudo R? 0.1380 0.1927 0.2154
Predicted probability 0.2486 0.2496 0.2452

SOURCE: Primary survey data (2001).

NoTEs: Standard errors are shown in parentheses. **Indicates significance at the 5 percent level; ***indicates
significance at the 1 percent level. LP indicates likelihood ratio.

in the telephone subscription Logit model: net annual income, value of pro-
ductive fixed assets, education level of household head, number of household
members with a professional title, additional sources of business income, geo-
graphic features of the village, distance of village to a main road, province,
and timeframe. Table 5E.1 presents the resulting coefficients from the Logit
model.

Impacts of Telephone Adoption on Income

Estimation methods were employed to examine changes in the value of the
dependent variables during 1995-97 by holding independent variables constant
for the base year 1995 (with the exception of variables related to telephone
subscription). Panel data analysis was required to record changes in economic
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TABLE SE.1 The determinants of the decision to subscribe to telephone services in
rural China, 1995-97 (Logit model)

Variable B Standard error Significance
Year
1995 0.0000
1996 0.6852 0.1343 0.0000
1997 0.8346 0.1309 0.0000
Province
Jiangsu 0.0000
Shandong —0.5038 0.1215 0.0000
Sichuan —5.8801 04772 0.0000
Sideline business type
Agricultural 0.0000
Mainly agricultural 0.3645 0.1226 0.0029
Mainly nonagricultural 03119 0.1917 0.1038
Nonagricultural —0.9702 0.2596 0.0002
Other -1.7211 0.3135 0.0000
Education level
Illiterate 0.0000
Primary 1.1075 0.4167 0.0079
Secondary 1.6535 0.4098 0.0001
High or above 2.2805 0.4187 0.0000
Geographic feature
Plain 0.0000
Hill and plain 2.7820 0.1225 0.0000
Mountain —-1.5993 1.0129 0.1144
Distance to road (> 1 km) ~1.2940 0.1696 0.0000
Professional title 1.0939 0.1372 0.0000
Fixed productive assets 2.11x 1075 6.397x 107 0.0009
Ln (net income) 1.2068 0.1207 0.0000
Constant —14.6000 1.2343 0.0000
-2 log likelihood 2,521.9590
Goodness of fit 34,046.3580
Nagelkerke R? 0.496

source: Calculated by author from primary survey data (1995-97).

factors such as growth of annual net income and changes in additional sources
of business income. However, due to annual household changes, only about 40
percent of the sample households satisfied the panecl data conditions over the
three years. Despite the large number of omitted households, a significant num-
ber of households remained to be included in the analysis and no systematic
bias seems to be present, though the sample may be less representative of farm
households in the selected provinces and in rural China more generally.
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To focus on the dynamic impact of telephone subscription on the income
of farm households over the three years, three variables related to telephone
subscription were introduced into the model: weighted telephone subscription
for 1996 and new telephone subscription for 1997. The weighted telephone
subscription is defined as the sum of telephone subscription for the three years,
reflecting the duration of household subscription (using an advantage avoids
any bias caused by telephone disconnection).

In the estimation, the dependent variable is the average growth rate of an-
nual net household income per capita during 1995-97. In addition to the three
telephone variables, the following independent variables for the base year 1995
were also included: net per capita income, additional sources of business in-
come, education level of household head, geographic features of the household
village, and distance from village to a main road. To avoid variance across the
provinces, the model was run separately with data from each province. How-
ever, due to the small number of telephone subscriptions in Sichuan province,
the analysis results for Sichuan were statistically unreliable; hence, the analy-
sis only includes results for Jiangsu and Shandong.

The duration of telephone subscriptions and the addition of new subscrip-
tions in 1997 have positive correlations with the growth rate of annual net income
per capita in Jiangsu, though these relationships are not statistically significant
(Table 5E.2). One of the possible reasons for this result could be that in the
household survey, public telephone access was not taken into account. Another
reason could be the allocation of administrative regions for telephone service,
which resulted in high phone tariffs and low rates of telephone use. In Jiangsu

TABLE 5E.2 Impact of telephone subscription on changes in net farm household
income in Jiangsu

Independent variables Coefficient t-value Significance
Constant 1.885 7.163 0.000
Telephone weighted (1995-97) 6.221x 1072 0.282 0.778
New telephone in 1996 —6.488 x 1072 -0.767 0.444
New telephone in 1997 2.028x 1072 0.224 0.823
In (net income per capita in 1995) —0.520 —6.941 0.000
Sideline business types

Mainly agricultural —6.321 x 1072 -1.321 0.187
Education level

Secondary or above —2.056 x 10~2 -0.663 0.508
Village in plain and hilly areas -4.019 x 1073 -0.071 0.943
Number of observations: 360
F-stat.: 8.141

R:0.373; R?: 0.139

SOURCE: Primary survey data (1995-97).
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TABLE SE.3 Impact of telephone subscription on changes in net farm household
income in Shandong

Variables Coefficient t-value Significance
Constant 1.814 6.426 0.000
Telephone weighted (1995~97) 3.920 x 102 2.362 0.019
New telephone in 1996 3.236 x 102 0.718 0.473
New telephone in 1997 3.937x 1072 0.735 0.463
In (net income per capita in 1995) —0.543 —6.342 0.000
Sideline business types

Mainly agricultural -5.381x 1073 -0.145 0.885
Education level

Secondary or above 4,624 x 1072 1.470 0.143
Village in plain areas
Village in plain and hilly areas 0.116 2414 0.017
Distance to a main road >1 km 2.397x 1073 0.060 0.952
Number of observations: 219
F-stat.: 6.115

R: 0.435; R?: 0.189

SOURCE: Primary survey data (1995-97).

province, although some farm households have telephones, they rarely use them
because calls beyond the village are charged at the domestic long-distance rate.
The third reason may be that telephone subscription reflects only potential tele-
phone use rather than actual use or the reason for the use. In addition, local of-
ficials in some regions have reportedly forced farmers to subscribe to telephone
services for the sake of the appearance of local development, regardless of eco-
nomic rationality. In addition, new telephone subscriptions in 1996 and 1997
are not significantly correlated with growth of net per capita income.

The duration of telephone subscriptions, and new telephone subscriptions
in 1996 and 1997 have positive relationships with the growth of annual net in-
come per capita in Shandong (Table 5E.3). Although the problems mentioned
above for Jiangsu may also occur in Shandong, the effect of the duration of
telephone subscription is statistically significant at the 5 percent level. As with
Jiangsu, new telephones do not have a statistically significant impact on the
growth of net income per capita.

Comparison of the effects of the duration of telephone subscription be-
tween the two provinces may suggest that the measurable significance of the
impact of telephone subscription relates to the level of local economic devel-
opment. As a local economy develops, the purpose of telephone adoption for
farm households may change from productive usage to consumption usage, such
as from business use to daily use. The result of the analysis shows that the dura-
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tion of telephone subscription for farm households in Jiangsu did not signif-
icantly relate to the household’s income growth. In contrast, in Shandong,
where the level of economic development was lower, the duration of telephone
subscription demonstrated a statistically significant relationship with growth of
household income.

Appendix 5F: Conceptual Framework and Statistical Results,
the Case of Rural Ghana

Based on the conceptual framework, determinants of telephone use must be
identified. It is assumed that telephone use is determined by human and finan-
cial resource factors.?! Related variables include age, sex, and educational at-
tainment of the household head (EDUC); economic status and main source of
household income; number of household members (nohhmem); and the degree
of household participation within community-based organizations (part_hh).
Specification was carried out separately, relating the variables to the hypotheses
tested by the regression analyses.

Estimating Use

To estimate whether households use public telephone services, a model was
specified as follows:

Y . =/f(Sex, Age, Education, Income, Location). 25

The results tested the following hypotheses:

1. It is hypothesized that when the household head is female, use of public
telephone services is less likely than when the household head is male. De-
spite the image that Ghanaian women are heavily involved in business and
trade, it is assumed that women are disadvantaged when it comes to tele-
phone usage. Also, other surveys have shown that, “in general, women
tend to use [public calling offices] significantly less often than men in most
developing countries. . . . This reflects sociocultural restrictions as well as
the lower average level of education and employment common among
women in most countries” (Saunders, Warford, and Wellenius 1994, 248).

2. Similarly, the older the respondent the less likely that he or she will use
public telephones. It is expected that telephone using households will have
a younger household head than non-using households.

21. For the analysis, cultural factors and natural conditions were omitted. This is based on
the assumption of homogeneity within the limited range of the survey area.
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3.

4.

It is assumed that respondents with higher levels of education will be more
likely to use telephone services.

Income measures are expect to have a high positive impact on the likeli-
hood of household telecommunications use. Household income and wealth
are represented by two measures: the logarithmic form of household ex-
penditure over the previous month is regarded as a proxy for household
monetary income (Inhhinc), while a discrete variable reflects the self-
assessed economic status within the community. Households assign them-
selves one of three values: poorer than average, about average, or wealthier
than average (Weinberger 2000). This assessment acknowledges that wealth
may not be appropriately expressed in monetary terms but also includes
other measures such as land and cattle holdings.

. The likelihood of household telecommunications use is expected to de-

cline as communities change and, thus, with the distance to Akatsi where
the services are available. This should be particularly so for households
in Gefia, given the longer distance and increased time required to reach
telecommunications services in Akatsi.

Estimating the Intensity of Use

In the second step, the effect of the defined determinants on telephone use in-
tensity was estimated, requiring the following modifications:

1.

The household head being female was assumed to have a negative effect
on telephone use intensity, measured as overall household expenditure
on telecommunications. Thus, in addition to being less likely to use tele-
communications, households headed by females are also expected to use
telecommunications less intensely.

. The age of the household head is expected to be negatively correlated with

the intensity of telecommunications use, meaning that the older the house-
hold head, the less the household will access telecommunications services.

. Intensity of telecommunications use is expected to increase with educa-

tion level of the household head.

. Higher income is expected to result in a higher consumption and conse-

quently in higher telecommunications use. In addition, usage becomes
more intense with increased economic activity.

. In terms of household characteristics that exclusively influence tele-

communications use intensity, households involved in agriculture are
expected to use telecommunications less than households involved in other
economic activities. The high degree of subsistence farming in the district
results in limited need for business-related information exchange.

. The number of members in the household needs to be considered. It is as-

sumed that the higher the number of household members the higher the
intensity of telephone use.
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TABLE 5F.1 Results of the Probit estimation, rural Ghana
With self-assessed
With household income wealth status
Robust Robust

Telecommunications service standard standard
use (Yuse) dF/dx error daF/dx error
Sex of respondent 0.2424003™"  0.0873132 0.261563™* 0.086028
Age of respondent —0.005116" 0.0026775 -0.0039914 0.0028877
Primary education achieved 0.2050924™* 0.0976226 0.2160738*" 0.0962428

(edu_prim)
Secondary education achieved 0.1473076 0.1003003 0.1940599" 0.0855625

(edu_seco)
Post-secondary education 0.1717017 0.0894068 0.2039191* 0.0863314

achieved (edu_post)
Household income (Inhhinc) 0.2087056™**  0.0631221 na na
Self-assessed economic status na na 0.1074597 0.1345818

richer than average (richer_a)
Self-assessed economic status na na -0.2063459™" 0.101627

poorer than average

(poorer_a)
Agbedrafor (dumagbe) 0.0612721 0.0980511 —-0.0112843 0.0962819
Gefia (dumgef) —0.1552482 0.1192659 -0.2349069™* 0.1236071
Pseudo R? 0.3304 0.3054

SOURCE: Primary survey data (1999).

NoTEs: *Indicates significance at the 10 percent level; **indicates significance at the 5 percent level; and
***indicates significance at the 1 percent level. Pseudo R? = 0.3304. na indicates that data were not available.

7. It is assumed that the higher the household involvement in community-
based organizations and groups, the higher the intensity of telephone use.
8. It is expected that the intensity of telecommunications use will decline
across the different communities. This decline is assumed to be for house-
holds in Gefia given the time and expense required to reach telecommuni-

cations services in Akatsi.

Building on these assumptions, the model was revised as follows:

YintenSity = f(Sex, Age, Education, Income, Household Members,

Main Source of Income, Participation, Community).

Determinants of Telephone Use and Intensity of Use

(26)

The estimation results for telephone use and intensity of telephone use are pre-

sented in Tables SF.1 and S5F.2, respectively.



TABLE 5F.2 Results of the Tobit .estimation, rural Ghana

With self-assessed
Expenditure on the services With household income wealth status
during the month before the Standard Standard
interview (¥ Intcexp) Coefficient error Coefficient error
Sex of respondent 2.861864"*" 0.8887017  3.35302*** 0.9060806
Age of respondent -0.058514"* 0.0285072  -0.0356433 0.0293543
Primary education achieved 3.579792*** 1.262319 3.652683™"" 1.291089
(edu_prim)
Secondary education achieved 2.784674" 1.54874 3.583043™ 1.567375
(edu_seco)
Post-secondary education 2.993444* 1.647255 3.853434™ 1.643787
achieved (edu_post)
Main source of household —0.4660754 0.9794701 -0.8048257 1.011193
income from agric.
(incs_agr)
Main source of household 1.193293 1.262673 0.400474 1.289544
income from gov.
(incs_gov)
Main source of household —1.807188 1.741143 -2.395335 1.773378
income from other
(incs_oth)
Household income (Inhhinc) 2.277078*** 0.6237518 na na
Self-assessed economic status na na 1.989797 1.293691
richer than average
(richer_a)
Self-assessed economic status na na -2.272576"" 1.00606
poorer than average
(poorer_a)
Number of household 0.1885548 0.1245833 0.2338107* 0.1258232
members (nohhmem)
Degree of participation in 0.3917128 0.5348763 0.2862266 0.5451377
community-based
organizations (part_hh)
Agbedrafor (dumagbe) 0.1597895 1.024162  —0.7668153 0.9864155
Gefia (dumgef) —2.378048"" 1.174898  -3.243002*"" 1.154301
_cons —22.52781 7.984212 5.460053 2.467585
Goodness of fit Number of observations = 157  Number of observations = 157

LR chi2(13) = 100.03
Prob > chi? = 0.00
Log-likelihood = -353.60
Pseudo R?=0.1239

LR chi?(14)=95.35

Prob > chi? = 0.00
Log-likelihood = —-355.94
Pseudo R =0.1181

SOURCE: Primary survey data (1999).

notes: *Indicates significance at the 10 percent level; **indicates significance at the 5 percent level; and
***indicates significance at the 1 percent level. na indicates that data were not available.
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6 ICT for Pro-Poor Provision of Public Goods
and Services: A Focus on Health

MAJA MICEVSKA

A primary responsibility of government is the provision of public goods and ser-
vices. Governments at the central and local levels typically provide a wide range
of services including defense, education, health, transportation, and basic infra-
structure like power, water, and waste disposal. Consensus is emerging that the
provision of such primary services is fundamental to development, even where
the primary goal is economic growth (Deaton 2001). Further, the 2004 World De-
velopment Report recognized that health and literacy are fundamental to liber-
ation from poverty (World Bank 2003). In turn, the successful provision of health-
care and education depends (among other things) on effective service delivery,
informed household decisions, and the integration of technological change. In
light of the broad public service needs of developing countries, focus on the role
of information and communication technologies (ICT) in development policy has
been criticized. However, this argument overlooks the reality that ICT—when
wisely applied—can facilitate improved public service provision, reduce social
and economic inequalities, and support sustainable wealth creation. Hence, this
chapter investigates how ICT affects the provision of public goods and services
in developing countries, focusing on potential complementarities that signif-
icantly increase the economic returns to ICT infrastructure investment.

ICT infrastructure investment is positively correlated with the provision of
public goods and services. However, as has been shown in this book, this does
not imply a causal relationship.! Public goods provision is affected by many
factors, and it is possible that ICT is actually a proxy for other variables, such as
income. Policymakers require a clear picture of these dynamics, but few studies
to date have concentrated on the effect of ICT investment on the provision of
public goods and services (Corrigan and Joyce 2000; McMahon and Bruce 2002).
This chapter attempts to offer new insights into the issue.

1. See the section “Quantitative Evidence of the Effect of ICT on Health: Cross-Country
Analysis” for evidence of the positive correlation between increased teledensity (number of tele-
phone lines per 100 inhabitants) and improved public health as a proxy for better provision of public
health services.
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Innovative Use of ICT for Public Service Provision

The United Nations’ Millennium Declaration stipulated that health, education,
and environmental sustainability were development imperatives. These are also
areas where ICT can make a significant contribution.

Healthcare

An anecdote describes a South African chief who was asked what he would want
for his village if he could choose among a telephone line, a school, and a clinic.
He replied, “The telephone line, so that I can lobby ministers in the capital about
the school and the clinic.” This captures the central message of this chapter: if
applied properly, ICT can function as an enabling tool to empower poor people
and provide effective, pro-poor provision of public goods and services.

The potential role of ICT in public health promotion is clear. The World
Health Organization (WHO) claims that 40 percent of health-related outcomes
stem from exchange of information.2 Hence, ICT can play a critical role in the
control of epidemics and contagious diseases. But on a more basic level, ICT
enables health professionals to access critical information resources, share in-
formation on relevant health issues, access medical and public health publica-
tions, and communicate with each other effectively about their patients. ICT
also has the potential to enable the public to obtain information about health
issues and publicly available healthcare services. Across the developing world,
medical information is being electronically transmitted in what has been
dubbed “telemedicine” to improve access to specialized health services by both
patients and providers. Technologies range from traditional and radio telephony
to complex interactive video consultations and robotic surgery. A current focus
is the remote linking of doctors to enable consultations, training, and guidance,
ultimately improving the quality of care in rural areas.

HealthNet is a telecommunications network that links healthcare workers
around the world via email.? More than 10,000 healthcare members use the
system to access medical and shared reporting databases, consultation and re-
ferral schedules, epidemic alerts, medical libraries, and email. Many physicians
in developing countries rely on HealthNet as their sole source of information
on the treatment of HIV/AIDS and tropical diseases and on essential drugs,
pediatric care, and public health promotion. Other AIDS-related treatment ini-
tiatives include the ProCAARE discussion forum (www.procaare.org) and the
WorldSpace Foundation (WSF)—Africare HIV/AIDS initiative (www.worldspace
.org), which aims to provide lifesaving information about preventative and
treatment measures for Africa.

2. This was repeatedly mentioned at their Web site (www.who.int/en/).
3. HealthNet is provided by a nonprofit organization, SatelLife, with the assistance of local
and international partners (see www.healthnet.org).
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Education

Assessing the cost-effectiveness of ICT in education is difficult because of lack
of meaningful data, variation in ICT implementation, and difficulties both in
drawing general conclusions from specific programs and in assessing qualita-
tive educational differences. It has also been argued that—despite the potential
of ICT in developing countries—care should be taken to avoid the loss of skilled
labor through brain drain and “virtual” brain drain, as in the case of local workers
employed by foreign companies. For instance, it has been estimated that ap-
proximately 25 percent of ICT-skilled workers leave South Africa in search of
better employment opportunities and remuneration each year (DOI 2001).

Many universities provide educational programs via the Internet and vir-
tual classrooms, video and audio lectures, and correspondence instruction. This
results in savings to students, who pay as much as 80 percent less than those
attending universities in person. Students can also obtain higher education at
their own pace while working to support their families. A typical example is the
African Virtual University, a network of universities that have joined with the
World Bank in bringing courses in computer science and business management
to African students and professionals (www.avu.org). This is achieved through
a combination of lectures telecast by satellite and training materials accessed
via the Internet.

There are also projects that are developing networks for the purpose of
recycling computer equipment and donating it to schools in developing coun-
tries.* As a result, computers are increasingly being integrated into school cur-
riculums, and people living in rural areas are learning to use computers and
carry out equipment maintenance. Such programs have the potential to make a
valuable although not sufficient enough contribution toward bridging the rural—
urban divide and decreasing the marginalization of rural communities.

Sustainable Development

ICT can contribute to sustainable development through environmental infor-
mation sharing among researchers, government agencies, and nongovernmental
organizations (NGOs). One of the areas that ICT is being applied to is climate
change. The main applications are in improving environmental awareness, ca-
pacity building, and related research. The UN Framework Convention on Cli-
mate Change (UNFCCC) Web site contains information on the environment in
the context of global initiatives such as the Kyoto Protocol (www.unfcce.org).
In addition, UNFCCC provides training materials for capacity building in least
developed countries. Distance education is being used to enhance the capacity
of developing-country policymakers to address climate change issues and ap-

4. See, for example, www.geocities.com/sohclara.
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ply ICT toward that objective. The Climate Change Network mailing list is an
Internet-based mailing list that provides up-to-date data on climate change is-
sues and conferences (www.ccn.org). This facilitates awareness of the relevant
issues and participation in activities related to climate change.

E-Law is an Internet-based NGO that facilitates the development and prac-
tice of environmental law in keeping with the public interest (www.claw.org).
National and local environmental advocates use the E-Law network to ex-
change legal, scientific, and technical information, along with precedents and
strategies in support of environmental preservation. Lobby groups, such as Eco-
News, have also made use of the Internet in addressing environmental issues
(www.econews.org).

Quantitative Evidence of the Effect of ICT on Health:
Cross-Country Analysis

The preceding discussion, while indicative of the positive impact of ICT, is based
on anecdotal evidence only. Relying on such evidence to justify ICT invest-
ment, however, can lead to poorly designed strategies and haphazard program
implementation that overlook national and local conditions. Hence, rigorous
quantitative analysis is called for. While the role of ICT in the provision of pub-
lic health services has important implications in developing countries, particu-
larly for poor people, research to date has largely focused on developed countries,
mainly because of the availability of adequate data (particularly panel data).
In the following analysis, empirical evidence from developing and transition
countries for the period 1980-2000 is used to examine the possible impact of
ICT development on public health promotion as a proxy for the provision of
public health services.’

Data and Correlations

Data include general health and economic variables and country characteristics
from the 2002 World Development Indicators database (World Bank 2002),
such as life expectancy at birth; infant and child mortality rates (birth to one
and birth to five years old, respectively); physicians and hospital beds per 1,000
people; real GDP per capita; population; adult and female illiteracy rates; im-
munization for diphtheria, tetanus, and pertussis vaccine (DPT) and measles;
urban population share; poverty headcount; and the Gini index.® Data on a

5. The number of countries included in the analysis is based on data availability.

6. The Gini index is a summary measure of the extent to which the actual distribution of in-
come or consumption expenditure (or a related variable) differs from a hypothetical distribution
in which each person receives an identical share.
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TABLE 6.1 Variable description and summary statistics, developing and transition economies,
1980-2000

Number of Standard
Variable observations Mean deviation Minimum Maximum

Annual growth rate of life 142 0.31 0.54 -1.98 1.56
expectancy at birth,
1980-2000

Annual growth rate of child 105 —2.98 1.98 -7.07 1.23
mortality, birth to five years
old, 1980-2000

Annual growth rate of fixed line 141 6.81 3.84 —4.48 21.70
teledensity, 19802000

Annual growth rate of GDP per 109 0.48 2.16 -7.27 8.29
capita in constant 1995 USS,
19802000

Annual growth rate of adult 118 -3.05 1.44 —8.04 -0.24
illiteracy, 19802000

Annual growth rate of 86 741 8.53 -2.04 61.85
immunization for diphtheria,
tetanus, and pertussis,
1980-2000

Annual growth rate of urban 146 1.38 1.23 -1.10 6.20
population, 1980-2000

Poverty headcount as share of 71 35.62 16.93 4.60 68.00
population, most up-to-date
data per country

soURcEs: Calculated by author based on World Bank (2002) and ITU (2002).

NoTEs: Annual growth is calculated as a compounded growth rate. Where data for 1980 and 2000 were not
available, observations ranging from 198182 and 1998-99, respectively, were used. GDP indicates gross
domestic product.

number of telecommunications development indicators from the International
Telecommunications Union (ITU 2002) were also incorporated, including ab-
solute numbers of fixed telephone lines, fixed line teledensity (the number of
lines per 100 inhabitants), subscriber waiting lists for fixed lines, estimated
number of Internet users, income from telephone services, and investments in
telecommunications.

The primary variables used in the analysis are presented in Table 6.1, along
with summary statistics for developing and transition countries. The annual
growth rate for life expectancy at birth during 1980-2000 was 0.31 percent, and
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FIGURE 6.1 Public health and telecommunications infrastructure, developing and
transition economies, 1980-2000
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souRces: Calculated by author based on World Bank (2002) and ITU (2002).
NOTES: R-squared equals 0.11; the number of observations is 138.

the annual growth rate for fixed lines was 6.81 percent.” Overall, improved life
expectancy is positively associated with increased numbers of fixed lines, re-
sulting in a correlation of 0.34. Figure 6.1 shows the relationship for 138 de-
veloping and transition countries. A univariate, linear cross-country regression
of the growth rate of fixed lines explains about 11 percent of the growth rate
variance for life expectancy.® Nevertheless, the possibility of a spurious corre-
lation exists because country-specific telephony improvements may in fact be
linked with other health-promoting measures like income, investment in human
capital, and health expenditure. Efforts were made to control for the effects of
all these factors.

7. Countries with negative growth rates for life expectancy are Belarus, Botswana, Burundi,
Central African Republic, Congo Democratic Republic, Cote d’Ivoire, Iraq, Kazakhstan, Kenya,
Lesotho, Liberia, Malawi, Mozambique, Namibia, Russia, Rwanda, South Africa, Swaziland, Tan-
zania, Uganda, Ukraine, Zambia, and Zimbabwe. The only countries with negative growth rates for
fixed lines are Congo Democratic Republic and Liberia.

8. The use of mortality rates instead of life expectancy in the regression yields similar
results.
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An Econometric Model of Telecommunication Investment,
Aggregate Health, and Wealth

Life expectancy and child mortality rates are the dependent variables in this
analysis.® This is justifiable on the basis that improved access to good quality
public services is a key influence on health outcomes (Musgrove 1996; Gupta,
Verhoeven, and Erwin 1999). It should be noted, however, that these particular
dependent variables make the interpretation of coefficients somewhat prob-
lematic because they may be directly affected by factors other than the deliv-
ery of public health services. The following equation evaluates the potential
impact of ICT on aggregate health:

HEALTH, = f(TELECOM,, GDP, Z)), (1

where HEALTH, is a social indicator reflecting improved health status for a
country 7, which is a function of increased telecommunications infrastructure
(TELECOM,;), GDP, per capita, and a vector of socioeconomic variables Z.
Two indicators are used to gauge HEALTH,: annual growth rate of life ex-
pectancy at birth and annual growth rate of child mortality. The annual growth
rate of fixed line teledensity proxies TELECOM,, while GDP, per capita is mea-
sured in constant 1995 U.S. dollars. The regressions also include the following
set of control variables:

* Annual growth rate of adult illiteracy. Many studies show a strong inverse
relationship between adult or female illiteracy and public health status
(Schultz 1993 for example).

* Annual growth rate of immunization. Evidence shows that increased cov-
erage of immunization in children has a positive impact on health status
(Hojman 1996); hence, the share of children immunized for DPT by the
age of one year is used as a control variable.

* Poverty headcount index.'© As noted by Deaton (2001), if a rich country
has a lot of poor people it will have low average health relative to its per
capita income. Data limitations prevent the inclusion of the average growth
rate of the poverty headcount index, so the most up-to-date values were in-
cluded instead.

9. Limited analyses using the number of hospital beds and the number of physicians per
1,000 people as dependent variables were also undertaken; more extensive use of these variables
was constrained by the scarcity of data.

10. The poverty headcount index is highly correlated with regional dummies, especially with
the dummy variable for Africa. Since the number of observations is relatively small, and the focus
of this study is cross-country variations in life expectancy and child mortality rates, the poverty
headcount index was included in the regressions (without regard to geography) rather than regional
dummies.
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* Annual growth rate of urbanization. Schultz (1993) finds that mortality is
higher in rural, low-income, agricultural households, suggesting that in-
creased urbanization is associated with improved health.

Equation (1) is estimated in a linear form using ordinary least squares (OLS) and
two-stage least squares (2SLS) regressions. The 2SLS technique is primarily
used to address the problem of reverse causality. In addition, 2SLS regressions
address potential measurement errors on variables. The number of observations
in the regressions varies depending on the availability of data for the variables
used. The number of observations for the 2SLS specifications is relatively low.!!

The results of regressions for the period 1980-2000 using annual growth
rates of life expectancy and child mortality as dependent variables are reported
in Table 6.2. On average, the explanatory variables account for about 40 per-
cent of the cross-country variation in the rates of life expectancy and child
mortality. In all the regressions, the coefficient on the growth of fixed lines car-
ries the expected sign and is statistically significant at the 5 percent level. In
contrast, the growth of real GDP per capita is statistically insignificant.

The regression results show that other control variables, such as immu-
nization and urbanization, are important in explaining variances in public health
indicators. In line with the empirical literature on determinants of health status,
increases in immunization rates have a positive and significant effect on life ex-
pectancy. On the other hand, increased urbanization has a negative impact on
public health status. On face value, this may appear contradictory, given that
urbanization increases access to public health services; however, it also exerts
negative forces such as stress, pollution, and congestion (with more rapid
spread of infectious disease). Thus the effect of urbanization depends on the net
impact of these factors.

These results are potentially alarming, considering that demographers ex-
pect world population to increase by nearly two billion people between 2000
and 2030, almost all of them in cities in Africa, Asia, and Latin America (Shee-
han 2002). Two conclusions can be drawn from the results shown in Table 6.2.
First, despite the lack of data on some control variables, the regressions explain
a significant part of the cross-country variation in both public health indicators.
Second, telecommunications investment may be associated with improved
health status.

Quantitative Evidence of the Effect of ICT on Health:
A Microeconomic Approach

Knowledge of which public goods and services are most likely to improve wel-
fare outcomes is limited. In much of the developing world, institutions are weak,

11. See Appendix 6A, Tables 1 and 2 for lists of the countries included in the regressions.
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TABLE 6.2 ICT and health in developing countries, 1980-2000

Annual growth rate Annual growth rate of
of life expectancy child mortality rate
Variable OLS 2SLS OLS 2SLS

Annual growth rate of fixed line teledensity =~ 0.081** 0.090**  —0.203**  _0.202**
(0.039) (0.042) (0.083) (0.082)

Annual growth rate of GDP per capita in —0.066 -0.081 0.245 0.276
constant 1995 US$ (0.062) (0.066) (0.105) 0.174)

Annual growth rate of adult illiteracy 0.088 0.075 -0.242 -0.293
(0.057) (0.051) (0.203) (0.209)

Annual growth rate of immunization for 0.037*** 0.034**  —0.070 -0.078
diphtheria, tetanus, and pertussis 0.012) (0.014) (0.046) (0.053)

Annual growth rate of urban population —0.265%** (. 262** 0.978%** 1.139%*
(0.104) (0.122) 0.256) (0.284)*

Poverty headcount as a share of population,  0.002 0.007 0.006 0.014
most up-to-date data per country (0.007) (0.007) (0.019) (0.018)
Constant 0.042 -0.124 —3.571%x 4.250%**

0.391) (0.380) (1.310) (1.383)
Adjusted R? 0.379 0.367 0.417 0411
Number of observations 40 35 37 33

soUuRcEs: Calculated by author based on World Bank (2002) and ITU (2002).

NotTEs: Growth rates were calculated as compound annual growth rates. White’s heteroskedasticity-consistent
standard errors are shown in parentheses. The instruments used in the 2SLS regressions were annual growth
rates of fixed line teledensity, GDP per capita squared, female illiteracy, population, and dummy variables for
African countries and the Gini index. *Indicates significance at the 10 percent level, **indicates significance
at the 5 percent level, and ***indicates significance at the 1 percent level. GDP indicates gross domestic
product; OLS, ordinary least squares; 2SLS, two-stage least squares.

corruption is rampant, and, frequently, laws are not enforced. In this context, it
is difficult to focus on optimal expenditure allocations for schools, hospitals,
road maintenance, and so on. Yet, the provision of public goods has serious
implications for poor people.!? Unfortunately, we do not have a great deal of
local-level data; hence, collecting micro-level data is a research priority.
Micro-level studies can include more real-world factors in analysis than
can macro-level studies, as well as providing valuable insights that are often
masked in aggregated data analysis. Household surveys from three emerging
market economies—Bangladesh, Laos, and Peru—were used in the analysis

12. Many local public goods are site-specific, and it is possible to exclude some individuals
from their use for various social reasons. Thus, local public goods do not always conform to the
standard public goods definition.
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that follows.!? In addition to telecommunications data, the surveys collected in-
formation on the health expenditures and socioeconomic characteristics of the
sample households. These data offer a unique opportunity to test hypotheses
linking ICT to demand for public health services in different ways. The main
goal of the empirical analysis is to obtain a consistent estimate of B, in the con-
text of the following model:

INFO, = ° + B, HEALTH_EXP, +7X, +€,, )

where INFO is an indicator of telephone usage to obtain health-related infor-
mation or household demand for this type of information, HEALTH_EXP is the
share of household expenditure on medical expenses as a proxy for household
demand for health services and medication, X is a vector of all other variables
that influence INFO, €_ are error terms assumed to be independently and iden-
tically distributed over i and j with mean zero, and the subscripts ¢ and j refer
to households and provinces, respectively.

Medical and Telecommunications Expenditures

Medical and telecommunications expenditures are relevant for ICT-related de-
velopment strategies because they are important in explaining the use of the
telephone to obtain information on medical care or household demand for
health-related information. Because results are similar using data from all three
countries, only the results for the Laos surveys are presented.!* Appendix 6A,
Tables 6A.3-5 present data on the distribution of the medical and telecommuni-
cations expenditure by expenditure quintile per household head for all three
countries.

Figures 6.2a and 6.2b show medical and telecommunications expenditure
shares as a function of the logarithm of total household expenditure per head,
a measure of overall household living standards. The figures are calculated us-
ing a nonparametric regression. The share of medical care expenditure remains
relatively uniform for households in the lower and middle expenditure quintiles
but declines for the wealthiest households. This is consistent with empirical
studies showing low-income elasticity of demand for medical services (for ex-
ample, Andersen and Benham 1970). Figure 6.2b shows contrasting results for
the share of telecommunications expenditure, whereby shares are lower for the

13. For detailed information on these surveys, see the relevant case studies in Chapter 3.

14. Tt should be noted, however, that the survey results are not directly comparable among
the three countries because of differences in the formulation of questions on health and telephone
expenditures. For instance, the relatively low health expenditure share in Peru compared with com-
parable expenditure in Bangladesh and Laos results from a different definition of health expenditures;
for Peru, the respondents were only asked for expenditures related to diseases, accidents, or con-
sultations with medical personnel (see Appendix 6A, Tables 6A.3-5).



FIGURE 6.2a Medical expenditure shares, all households, in Laos
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FIGURE 6.2b Telecommunications expenditure shares, all households, in Laos
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poorer households and increase significantly for wealthier households. Hence
telecommunications services are a luxury item for rural households in Laos.

To illustrate further, Figures 6.3a and 6.3b show the results of a compara-
ble nonparametric regression on medical and telecommunications expenditure
shares, but this time only for households that subscribe to telephone services.
Once again, the share of medical expenditure is higher among poorer house-
holds. Overall, the share of medical expenditure for households that use tele-
phone services is lower than the share for all households, which is to be ex-
pected because, on average, wealthier households are more likely to use the
telephone. The distribution of telecommunications expenditure is more variable.
Omiitting the outliers at both ends of Figure 6.3b, the share of telecommunica-
tions expenditure appears to increase for the lower expenditure quintiles and
then gradually decrease for the wealthier households. As expected, the share of
telecommunications expenditure for households that use the telephone is sig-
nificantly higher than the share for all households.

The analysis above is suggestive only. The curves in Figures 6.2a and 6.2b
make no attempt to control for other factors, such as education, health status,
or telecommunications service provision, that are likely to be positively corre-
lated with both overall household expenditure and the outcome, so that the ef-
fects of expenditure are almost certainly overstated. Nevertheless, the figures
illustrate that, on average, poorer households spend a higher proportion of their
income on health-related expenses than wealthier households, while wealthier
households, on average, spend a higher proportion of their income on telephone
services.

In the analysis that follows, health and telephone expenditure shares are
used as measures of the relative importance of medical and telephone services
to households, respectively. The main question is whether households for which
medical services are relatively more important are more likely either to use the
telephone to obtain health-related information or to have higher demand for this
type of information.

Evidence from Bangladesh

Bangladesh was selected for inclusion as a case study because of the unique-
ness of its innovative village payphone (VPP) program, whereby telecommu-
nications infrastructure has been expanded through village-based leasing of
cellular phones to members of a local microfinance entity.!> In this section,
the effects of expanded telecommunications infrastructure on the provision of
health services information are assessed. The survey on telephone use asked
respondents to provide examples of how the telephone saved their household

15. See the Bangladesh case study in Chapter 3 of this volume and Bayes, von Braun, and
Rasheda (1999) for more information.
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valuable time; of the households that used telephone services, 36 percent iden-
tified health-related and emergency calls in their responses.1® This variable
was chosen as a proxy for telephone use to obtain faster information on health
services.

To account for the sample’s selection bias, Heckman’s (1979) two-step
estimation procedure was adopted. In the first stage, the total sample of 284
randomly selected households was used in a Probit equation to estimate the
probability that telephone subscription depends on a number of individual and
household characteristics. As expected, the variables that have a positive and
significant effect on the probability of a household subscribing to telephone
services include the household head being literate, household expenditure per
equivalent person,!” land owned, and value of nonland fixed assets (Table 6.3).

In the second stage, regression analysis was undertaken on the determinants
of telephone use to save time in obtaining health information for 86 households
that used telephone services. The independent variables used in the second-stage
Probit regression were health and telephone expenditure shares, a dummy vari-
able for the presence of a child under five years old or an adult over 70 years old,
and a variable for food security measured as the number of months per year that
houschold members were well fed. As expected, the share of health expenditure
—ameasure of the relative importance of public health services for households—
is positively and significantly correlated with the use of the telephone to save
time in obtaining health information.'® This supports the proposition that ICT
can significantly contribute to delivering timely information on health services
to households for which this type of information is most important.

Evidence from Peru

During the 1990s, economic trends in Peru, as in most emerging market econ-
omies, varied across income groups. Wealthy segments of the population ben-
efited from demand for skills and education, while poorer segments benefited
from increased public expenditure (Graham and Kane 1998; World Bank 1999).
At the same time, the telecommunications market in Peru underwent a period
of funidamental change (see the case studies on Peru in Chapters 3 and 5 of this
volume, along with Torero 2000). The survey of households in Peru gathered
data on the types of information the households needed most. Information on

16. Other responses included calls related to business and finance, contacting relatives and
friends, land transactions, remittances, livestock and poultry, and obtaining information on markets
(such as prices) and on employment opportunities.

17. To account for economies of size, expenditure was calculated per equivalent person using
a single-parameter equivalence of 0.5. The model was also re-estimated using household expendi-
ture per head, resulting in an estimated coefficient that remained significant and carried the pre-
dicted signs.

18. The coefficient on food security is also positive, though only marginally significant.
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TABLE 6.3 Heckit estimation for Bangladesh

Time saved accessing

Variable Telephone user health information
Age of household head 0.001
(0.007)
Household head works in agriculture —0.275
(0.199)
Household head is literate 1.124%**
(0.352)
Household head is male —0.619*
(0.373)
Household expenditure per equivalent 0.011***
person® (0.003)
Land owned? 0.001 ***
(0.000)
Non-land fixed assets® 0.002%*
(0.001)
Health expenditure share® 0.969***
0.179)
Telephone expenditure share® —0.036
0.179)
Household includes child under five years 41.301
old or adult older than 70 years old (40.310)
Food security 18.370*
(9.390)
A —22.688
(40.513)
Constant —1.570** —240.761**
Adjusted pseudo R? 0.253
Number of observations 284 86

SOURCE: Primary survey data (2001).

NOTES: Values in parentheses are standard errors corrected for sample selection bias using Heck-
man two-step estimation procedure. Coefficients for five district dummies are not shown to conserve
space. *Indicates significance at the 10 percent level, **indicates significance at the 5 percent
level, and ***indicates significance at the 1 percent level.

aData were cleaned to remove implausible outliers that exceeded the mean by more than five stan-
dard deviations.

bEstimates were multiplied by 1,000.

healthcare was perceived to be very important by 78 percent of the sample
households. This variable was used in the following analysis as a measure of
the demand for faster and more reliable health-related information.

As in the case of Bangladesh, household health expenditure shares have a
positive and significant effect on the dependent variable, in this case the prob-
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TABLE 6.4 Probit regression results for Peru

Dependent variable: 1 if health info is considered very important, 0 otherwise

Health expenditure share 0.042%**
(0.015)
Household expenditure per equivalent person® 0.016*
(0.009)
Access to safe hygiene -0.078
(0.122)
Age of household head —0.006
(0.004)
Household head is literate —0.258
0.251)
Household head is male —0.550%*
0.214)
Household includes child under five years old or adult over 70 years old 0.122
(0.103)
Constant 1.843%**
McFadden R? 0.039
Number of observations 985

SOURCE: Primary survey data (2000).

~Notes: Huber/White’s heteroskedasticity-consistent standard errors are shown in parentheses.
Data were cleaned to remove outliers that exceeded the mean by more than five standard deviations.
Coefficients for three regional dummies are not shown to conserve space. *Indicates significance
at the 10 percent level; **indicates significance at the 5 percent level; ***indicates significance at
the 1 percent level.

#Estimates are multiplied by 1,000.

ability of valuing health information as very important (Table 6.4). The coeffi-
cient on household expenditure per equivalent person carries a positive, though
only marginally significant, sign. Access to safe hygiene does not seem to be
significantly correlated with the probability of higher demand for information
on healthcare, while the household head being male has a negative and statisti-
cally significant effect.

Evidence from Laos

The surveys conducted in Bangladesh and Peru offer good quality micro-level
data to estimate the primary determinants of household demand for health-
related information. In both cases, the regression analysis showed that health
expenditure shares play a significant role in determining the demand for infor-
mation on health services. Taking the analysis a step further, the Laos survey
data is used to investigate the determinants of actual demand for medical and
telecommunications infrastructure.
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Government expenditure totaled nearly 25 percent of GDP in Laos in 1998
(Bourdet 2000). Although this was low by international standards, it repre-
sented a relative increase from equivalent expenditure in the early 1990s. For
example, expenditure on education increased from 3 to 8 percent during 1985—
95, and expenditure on healthcare increased from 0.4 to 5 percent during 1989-95
(World Bank 1997). It is not clear, however, to what extent these increases
where allocated to—or benefited—poor provinces. A related issue is the po-
tential impact of the intensification of residential telephony on demand for
information on public goods and services by the rural poor over this period.

Measuring the dynamic effects of ICT requires the availability of panel
data (meaning data from both before and after the adoption of ICT). Such data
are generally scarce for developing countries, but the Laos survey contains
panel data for 60 households.'® The share of telephone calls relating to infor-
mation on health issues or medical emergencies increased from 7.7 percent prior
to the availability of telephone services to 15 percent after telephone access was
obtained.

The Laos survey also elicited information on the infrastructure deemed to
be most needed by households, and responses were used as a proxy for house-
hold demand for public goods and services.?® Moreover, the availability of
panel data made it possible to determine how this demand changed with the
adoption of telephone services. In 2000, only 9 of the 200 sample households
chose telecommunications as the most-needed form of public infrastructure,
while 43 stipulated the need for a hospital. When these 200 households were
re-interviewed in 2001—during which time the number of telephone subscribers
increased from 16 to 76—only 25 households indicated a hospital as the most-
needed form of infrastructure, while the number of households that chose
telecommunications increased significantly to 44. To gauge the importance of
these shifts, household structure was analyzed (Table 6.5). The panel is divided
into households with and households without subscriptions to telephone services.
The rows indicate the original household status in 2000, while the columns show
the change in status by 2001.

The matrixes show substantial household mobility, with telecommunica-
tions infrastructure having the greatest significance for those households that
obtained access to telephone services during the period between the two sur-
veys. Of the households that viewed telecommunications as the most-important
form of infrastructure, 52 percent were actually new telephone subscribers. Sur-

19. The survey was first conducted in 2000 and included 606 households. In 2001, 200 house-
holds were interviewed again. While in 2000 only 16 of the 200 households had access to telephone
services, by 2001 this number had increased to 76.

20. In addition to telecommunications and hospitals, the possible responses were schools,
safe water, irrigation, agricultural research, agricultural extension services, electricity, road access,
and public transportation.
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TABLE 6.5 Transition matrix for most-needed infrastructure, Laos

Telephone service
status in 2001

Choice of infrastructure No access  Access Total

a. Choice of telecommunications as the most-needed

form of infrastructure

Telephone service status in 2000
No access 36.37 52.27 88.64
Access 0.00 11.36 11.36
Total 36.37 63.63  100.00

b. Choice of a hospital as the most-needed form of

infrastructure

Telephone service status in 2000
No access 76.00 12.00 88.00
Access 0.00 12.00 12.00
Total 76.00 24.00  100.00

SOURCE: Primary survey data (2000, 2001).

prisingly, telecommunications was also important to households that remained
without telephone service subscription. A possible explanation for this is that
with increased access to telecommunications services in their communities
these households had come to recognize the benefits of access.?!

To illustrate this issue further, the demand for telecommunications infra-
structure was regressed on other relevant variables (Table 6.6). In addition to
household transition from non-users to users of telephone services, other posi-
tive and significant factors affecting the demand for telephone access were
the existence of hospital in the community, the years of education of the house-
hold head, the amount of farm land owned, and the land occupied by the
house. In contrast to the results on changing household perceptions of the need
for telecommunications, the need for a hospital was greatest among house-
holds that remained without telephone services (Table 6.5b). A striking 76 per-
cent of these households determined that the most-needed form of infrastruc-
ture was a hospital. The marked asymmetry between households with and
households without access to telephone services can be attributed to the poorer
status, on average, of households without access and the accompanying higher
proportion of their income allocated to health-related expenses (Appendix 6A,
Tables 6A.3-5).

21. For more on this concept (known as reference norms) see Easterlin’s (1974) pioneer-
ing work on the changing nature of norms and aspirations, and Hirschman’s (1973) tunnel effect
hypothesis.
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TABLE 6.6 Probit regression results for Laos

Dependent variable: 1 if telephone is the most wanted infrastructure, 0 otherwise

Transition from non-user to user of telephone services 0.414*
(0.249)
Household was a telephone user in both periods 0.223
(0.378)
Community has a hospital 0.556**
(0.275)
Age of household head —0.007
(0.009)
Years of education of household head 0.090***
(0.032)
Farm land owned 0.159*
(0.087)
Land occupied by house 0.008**
(0.003)
Constant —2.418%**
McFadden R? 0.186
Number of observations 200

SOURCE: Primary survey data (2000, 2001).

NoTEs: Huber/White’s heteroskedasticity-consistent standard errors are shown in parentheses. *In-
dicates significance at the 10 percent level; **indicates significance at the 5 percent level; ***indi-
cates significance at the 1 percent level.

Conclusion

The results of the empirical analysis conducted for this chapter—particularly at
household level—clearly reflect that ICT offers great opportunities in the de-
livery of information on health services, especially in remote areas and for
households with the greatest need for this type of information. Nevertheless,
despite the vast opportunities, adoption of ICT in developing countries remains
problematic in terms of the risk that large segments of the population will re-
main marginalized. This situation has prompted calls for targeted interventions
to complement the role of the market as an engine of technological advance-
ment and economic development (UNDP 2001). However, there are several
concerns as to the relevance and impact of ICT-based interventions. These in-
clude lack of quantitative analyses of the impact and the cost efficiency of ICT
in many areas, including the provision of public goods and services. As a re-
sult, best practices in these areas are largely anecdotal, causing a need for more
rigorous studies to ensure that ICT-based interventions are both justified and
properly applied.

The analysis in this chapter is effectively a call for further country-specific,
multidisciplinary research on the role of ICT for pro-poor provision of public
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goods and services. Principal issues to be investigated include (a) balancing
ICT capacity building with economic and employment opportunities to counter
brain drain; (b) balancing technological change and the preservation of cultural
heritage, given that technology transfer inevitably encompasses cultural differ-
ences; (c) how ICT can be used to empower poor people and poor communities
and underpin the growth of democracy; and (d) how ICT equates with sustain-
able development, thereby offering opportunities across different sectors, gen-
erating positive externalities.

Appendix 6A: Supplementary Tables

TABLE 6A.1 Countries included in the life expectancy regressions

Argentina Ghana* Malawi Paraguay*
Bangladesh* Guyana* Mauritania Peru*

Brazil* Honduras* Mauritius Philippines*
Burundi* Hungary* Mongolia Rwanda*

Chile* India* Morocco* Sri Lanka*
Colombia* Indonesia* Nepal* Swaziland*

Costa Rica* Jamaica* Nicaragua* Thailand*

Dominican Republic* Jordan* Niger* Trinidad and Tobago*
Ecuador* Lesotho* Pakistan* Uganda*

Egypt* Madagascar* Panama* Zimbabwe*

SOURCE: Primary survey data (2000).
NoTE: *Indicates that the country is also included in the 2SLS regression.

TABLE 6A.2 Countries included in the child mortality regressions

Argentina Guyana* Mauritania* Philippines*
Bangladesh* Honduras* Mauritius Sri Lanka*

Burundi* Hungary* Morocco* Swaziland*

Chile* India* Nepal* Thailand*

Colombia* Indonesia* Nicaragua* Trinidad and Tobago*
Costa Rica* Jamaica* Niger* Uganda*

Dominican Republic* Jordan* Pakistan* Zimbabwe*
Ecuador* Lesotho Panama*

Egypt* Madagascar* Paraguay*

Ghana* Malawi Peru*

SOURCE: Primary survey data (2000).
NotTE: *Indicates that the country is also included in the 2SLS regression.
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7 Conclusions and Implications for
Policy and Research

MAXIMO TORERO AND JOACHIM VON BRAUN

The significant spillovers and positive externalities associated with the prolif-
eration of information and communication technologies (ICT) potentially in-
fluence all aspects of development through its effects on governance, markets,
media, and public services. Arguably, ICT’s most far-reaching development
impact is its role as the virtual backbone of globalization, providing access to
knowledge, finance, labor, and trade. While globalization would have been
possible without the assistance of modern ICT, it would have been far less per-
manent, and less integrated.

Despite these great potentials, however, the opportunities of the digital age
are not equally accessible, and—as this book has highlighted—poor people
have been left behind. This is not to say that poor constituents are passively for-
going ICT, however. The demand—and at times the struggle—for access by poor
people is accelerating in many countries. Lack of exploitation of the opportu-
nities that ICT holds for the developing world applies to both the public and pri-
vate sectors, as well as at the community and household levels.

The evolution of ICT-related development policy can best be described as
erratic. It has followed the ups and downs of the political economy, with tech-
nological innovation triggering institutional change and policy action. At the
time when ICT opportunities unfolded in the 1970s and 1980s, the need to
create an environment that included developing countries—and especially poor
people and those in remote areas—was not recognized. Official development
cooperation came too late; basic needs (food, health, education) were perhaps
defined too narrowly, neglecting the information needs of the poor; and the pub-
lic sector shifted its focus from elementary infrastructure, such as electricity
and telecommunications, toward decentralization.

Yet, itis also possible that this delay and neglect in developing countries pre-
vented a repetition of what happened in industrialized countries: misallocation
of funding, early overinvestment in inappropriate ICT, and subsequent melt-
down. Political recognition and action began in the 1990s, as evidenced by the
Okinawa Charter, the Digital Opportunity Task Force of G8 (DOT Force), vari-
ous United Nations initiatives, and regional and national programs. The challenge
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remains, however, to link these broad-based, top-down initiatives with innumer-
able small public and private efforts.

Four priority actions were identified by DOT Force as necessary pre-
conditions for a development dynamic: (1) fostering policy to ensure regulatory
and network readiness; (2) improving connectivity to increase access and lower
costs; (3) building human capacity; and (4) encouraging participation in global
e-commerce and other e-networks. Moreover, to accomplish these aims, nine
points were established under DOT Force’s Genoa Plan of Action.! Such action
largely requires country-level initiatives and, increasingly, public—private part-
nerships, including businesses and nongovernmental organizations (NGOs).

‘We began this book with five critical hypotheses from a clearly skeptical
perspective, to challenge the authors and readers and to assess progress made
toward realizing the priorities identified in development policy under initiatives
like DOT Force. In the following discussion, which at this stage is limited to
overarching issues, we revisit these hypotheses, focusing on the findings pre-
sented in the previous five chapters.

1. No clear link exists between ICT growth and economic growth, a key
Jactor may be the lack of a critical mass. In assessing the potential for ICT to
promote economic growth in developing countries, a central question remains
to be answered: Has a causal relationship definitely been established, or are
other factors involved?

Estimates for 113 countries over a 20-year period show a positive link be-
tween telecommunications infrastructure and income as well as between tele-
communications infrastructure and GDP. The estimates suggest thata 1 percent
increase in the telecommunications penetration rate might be expected to lead
to a 0.03 percent increase in GDP. At the same time our models for different
country groups revealed a nonlinear effect of telecommunications infrastruc-
ture on economic output. The impact was particularly pronounced for lower and
higher middle income countries but muted for other country groups. These re-
sults imply that telecommunications networks need to reach a critical mass for
a discernible impact on economic output to result. In particular, growth effects
were found to be strongest in areas with telecommunications penetration rates
of 5-15 percent. Above and below this threshold, growth effects were limited.
Moreover, given that as of 2000 the average telecommunications penetration
rate in low-income countries was below 1 percent, significant network investment

1. The action points are “(1) support development of national e-strategies; (2) improve
connectivity, increase access, and lower costs; (3) enhance human capacity development, knowl-
edge creation and sharing; (4) foster enterprise, jobs and entrepreneurship; (5) strengthen univer-
sal participation in global ICT governance; (6) establish a dedicated LDC [less-developed country]
initiative for ICT-inclusion; (7) ICT for healthcare and support against disease; (8) support local
content and application development; and (9) prioritize the contribution of ICTs in Development
Assistance Programs” (DOT Force 2001).
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and expansion is needed before ICT can begin to affect growth. Marginal im-
provements in telecommunications infrastructure are unlikely to yield any dis-
cernible growth effects. This implies that other forms of ICT-—with even lower
levels of penetration in low-income countries—will require even more wide-
spread investment and expansion if ICT-induced growth is to occur.

But can low-income countries, and especially their small- and medium-sized
enterprises (SMEs), actually rebound sufficiently from such a slow beginning
in terms of ICT investment, infrastructure, adoption, and adaptation? Can the
necessary critical mass of ICT be achieved in small business sectors to enable
tangible network externalities to unfold, and can network coverage be expanded
sufficiently to maximize the net benefits of ICT-enhanced public service deliv-
ery? Certainly the relative benefits for developing countries—compared with
industrialized countries—are impressive, but so far the absolute benefits of
ICT, mainly represented by fixed line phones, remain disappointing. Although
technological innovations, such as cellular telephones and wireless broadband
access, seem to be playing an important role in building ICT levels globally,
strong inequality remains within developing countries, especially between ur-
ban and rural areas, where the digital divide continues to widen.

Network externalities are critical to the concept of ICT-induced growth.
By its very nature, ICT has the potential to reduce relative inequalities among
countries and regions. This can be seen across countries, where levels of in-
equality differ, where “leapfrogging” sometimes occurs—but sometimes does
not, and where the impacts of ICT and its associated network externalities are
not yet reaching poor countries, and especially poor areas within countries.
These different outcomes are largely determined, along with public action, by
institutional arrangements affecting regulation and effective privatization. There
is also the question of whether, from the supply side (where both technologies
and service provision are concentrated in developed countries), the appropriate
technologies are being provided and at affordable cost. Could this be another
cause of restricted access in poor countries?

2. Weak institutions block effective use of ICT. This hypothesis has been
validated in each of the preceding chapters. ICT cannot be developed without
strong institutions that overtly facilitate private investment. Many of the national
telecommunications monopolies in developing countries were privatized in the
1980s and 1990s, introducing them to competition.? This stimulus, combined

2. Privatization and increased competition in telecommunications was further stimulated
by commitments negotiated at the Uruguay Round of the General Agreement on Tariffs and Trade
(GATT), now administered by the World Trade Organization (WTO). Initially the commitments
only affected value-added services, but, as of November 1998, 89 WTO members included basic
telecommunications services in their schedules of commitments. The WTO Agreement on Basic Tele-
communications Services (ABTS) is a far-reaching multilateral trade agreement requiring signa-
tories to liberalize their telecommunications sectors and adhere to WTO rules. Although significant
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with ongoing technological change, prompted the constant development of new
services—a shift that was reflected in some developing countries and especially
with the exponential increase of cellular telephone penetration in poor countries.
But this has not occurred in all countries; in some, the stimulus is taking effect
slowly, erratically, and with uncertainty. For example, in some nations (such as
Argentina, Chile, Peru, Mozambique, Senegal, and Uganda), the government is
facilitating rapid ICT progress through institutional innovations with the help of
NGOs and the private sector. In others (such as Cameroon, Congo, North Korea,
Ethiopia, and Zimbabwe), the government stands in the way of reform. Within
countries, the inequality is even greater, but the lesson for reducing unequal ac-
cess seems clear: there is a need to differentiate market efficiency gaps from true
access gaps (effectively, missing markets), and then for governments to respond
with the appropriate set of interventions for each case.?

With a market efficiency gap, a difference exists between what markets are
achieving under current conditions and what they could achieve were markets
working correctly. The first step, and the focus for government in correcting this
kind of gap, is to increase service provision by facilitating effective competi-
tion through market-oriented policies and regulations that create a level play-
ing field for the private sector and new entrants. The only questions relate to
how far the market can reach commercially, and how best to implement and se-
quence more competitive conditions. Institutions have a crucial role to play here
in realizing the potential for market development. This will require strong,
autonomous, and capable regulatory agencies that can (a) assure market com-
petition and freedom of business, including technology, choice; (b) provide
attractive licenses designed to encourage growth, (¢} apply the minimum of
regulations necessary, and (d) in particular, promote cost-effective access
charges for new entrants (Wellenius and Torero 2004). These types of regula-
tory institutions are hard to build, especially because local expertise in the area is
lacking. Professionals need to be trained in every aspect.

With a true access gap, on the other hand, public intervention in ICT pro-
vision is still required for some areas and population groups that would not
be served, even under the most optimal, efficient, and liberalized market con-
ditions. Certain people and locations invariably lie beyond market limits; in

differences in the commitments of developing and industrialized countries are evident, emerging
economies are about five times more likely to have maintained limitations on telecommunications
service supplier numbers than industrialized countries, on average, and almost four times more
likely to require that particular types of legal entities be established to provide services. Develop-
ing economies are also nearly three times more likely to have included additional measures, often
involving requirements to use monopoly network facilities (or restrictions on bypassing them), re-
strictions on the resale of excess capacity of leased circuits, or prohibitions against interconnection
with other leased circuits by the suppliers concerned. Limits on foreign equity participation, how-
ever, are similar in emerging and industrialized economies.

3. The conceptual framework of the two gaps is developed in Navas, Dymond, and Juntunen
(2002).
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such cases, service provision requires the mobilization of additional investment—
for example, involving public—private (or NGO) partnerships—whereby the
government induces service provision through incentives like subsidies. But
what are the optimal mechanisms for implementing subsidies to maximize scale
economies and production, consumption, and network externalities, while
achieving sustainability? In this respect there are three main lessons: (a) bottom-
up identification of demand and consumer willingness-to-pay, (b) recognition
of the importance of market competition in allocating subsidies, as well as a
clear, stable, and credible legal and regulatory environment, and (c) the need
for a (sectoral and general business) framework that enables prospective service
providers to estimate costs and revenues realistically, and thereby accurately as-
sess their risk (Wellenius and Torero 2004).

3.ICT has not been adapted to low-income countries and no impact is seen
on SMEs. While adaptation has been slow, the benefits of ICT are now begin-
ning to accrue for SMEs. The SME case studies in this book provide substan-
tial evidence of increased ICT adoption in low-income countries and positive
ICT impacts on SME performance. Nevertheless, the need for further data col-
lection over longer time periods is also evident. Such data—and panel data in
particular—should focus on SMEs, and on eliminating any doubt as to a causal
relationship between the profusion of ICT and economic and social benefits in
developing countries and regions. Our results confirm a positive correlation
between ICT access and improved SME performance; where panel data were
available for analysis, such as for Laos, the relationship seems quite strong.

4. Household access to ICT remains constrained. The reduction of the
information gap at lower costs is of central importance for the poor. As was
shown in Chapter 5, despite restricted rural access, it is fair to say that ICT has
an important positive impact on rural households. The welfare effect of rural
telephone use is verified by the perceptions of rural users of its benefits, the
high demand for service, the substantial consumer surplus associated with tele-
phone use, the willingness to pay for service on the part of rural households,
and results from econometric analyses. These positive effects can be expanded
by increasing rural service access, adapting new technologies to rural settings,
and using existing technologies—such as those provided by telephone—more
innovatively.

Some policy problems remain, however, in both SMEs and households.
First, most case studies reveal that there is still insufficient competition in
telecommunications resulting from lack of private-sector participation because
of major regulatory impediments. Consequently, access costs are too high, inter-
connection between networks is problematic, and infrastructure cannot be shared
among operators. Second, a number of potential barriers to the effectiveness of
ICT remain. Aside from the provision of facilities and technical support, these
include sociocultural factors, which are likely to be important in the success of
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ICT interventions for development in terms of adoption and community out-
comes. Apart from issues of access and price, barriers to ICT effectiveness fall
into three principal categories: barriers involving skill levels, such as in access-
ing Internet information; barriers involving ICT use for development-related
purposes; and barriers related to content relevance. These factors have the
potential to influence the rate of adoption and the degree to which available In-
ternet information reaches individuals in the community. Given these barriers,
rural ICT expansion may require complementary measures, such as computer
and Internet skills training, web pages designed to direct users to locally rele-
vant content, or access that targets specific groups, such as youth, who may ex-
perience fewer sociocultural barriers when it comes to ICT use. In many low-
income-country contexts, access to telephones is the basis of pro-poor ICT growth
because specialized skills are not needed and because telephone access forms
a platform for more advanced ICT adoption.

Finally, with respect to the cost barriers, it will be important to learn from
existing models; public Internet access, for example, provides efficient, low-
cost access to multiple users, both at the SME and household levels. This busi-
ness model could be modified to suit a dual broadband strategy, promoting both
the deployment of wireless broadband networks (for example, through full
spectrum licensing for this purpose), and the adoption of voice telephony ap-
plications targeted to low-income users (for example, by fully deregulating the
voice over Internet protocol [VOIP]).

5. ICT has yet to play a role in the provision of pro-poor public goods and
services. ICT can be a powerful tool for improving the quality and efficiency of
government services, such as health and education, although a clear gap still
exists in the use of ICT for the delivery of public goods. The cross-country analy-
sis presented in Chapter 6 indicates that telecommunications investment may
well be associated with improved health status. This result is validated by a
number of worldwide case studies that show evidence of the potential of ICT
to influence health outcomes in rural areas. Prominent applications for health
include the creation of “telemedicine” centers, such as those installed in Alto
Amazonas, Peru, and Andhra Pradesh, India, offering low-cost medical advice
to rural inhabitants via email through hospitals; and those in Sub-Saharan Africa,
where health information is provided to remote communities via the Internet.
Finally, ICT has been used to design global telecommunications networks, such
as HealthNet, which links healthcare workers around the world via email, and
related AIDS prevention activities, such as the ProCAARE discussion forum
and the WorldSpace Foundation (WSF)-Africare HIV/AIDS initiative.

Successes in the use of ICT for educational purposes also exist, such as
the African Virtual University, the distance learning university in India, the de-
velopment of e-government applications to strengthen the rights and powers of
poor people and communities, and the use of the Internet to disseminate infor-
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mation on farming technologies and changing prices to 30,000 villages across
six states in India.

These are isolated cases at this stage, however. Poor people are still ex-
cluded from many public services, and ICT has not been adapted to the appro-
priate delivery of pro-poor public goods in general. On the whole, as stated
above, ICT is still developed by and marketed in high-income countries, and
innovation and adaptation are not occurring in low-income countries because
institutions and markets lack the required capacity. Hence a large portion of the
population continues to be marginalized and the need remains for innovative
ways to provide access to public services using ICT. The strong link perceived
to exist between ICT attributes and the Millennium Development Goals (MDGs)
reflects this reality.* Successfully harnessing the power of ICT could make a
substantial contribution to achieving the MDGs, both directly, through the de-
livery of public services, and indirectly, through the creation of new economic
opportunities.

In summary, existing political recognition and development objectives—
as evidenced by the Okinawa Charter; the DOT Force; various United Nations
initiatives, including the MDGs; and regional and national programs—point in
the right direction, but neither the path nor the destination is clear. These ini-
tiatives must identify more specific action plans and then closely monitor and
evaluate their impact. Currently, most initiatives have action plans implying
global subsidies that do not result in clear targeted outputs for poverty reduction.
For example, just considering the delivery of public goods and services to ad-
dress health and promote education implies important actions requiring the
coordination of international aid within the institutional framework of each
country involved. Targeted subsidies should be generated to create common
pool resources for just these two highly important areas, so that costs can be
minimized and ICT-related network externalities maximized.

ICT is an opportunity for development, but not a panacea. For the poten-
tial benefits of ICT to be realized in developing countries many prerequisites
need to be put in place, as identified throughout this book: prompt deregulation,
effective competition among service providers, free movement and adoption of
technologies, targeted and competitive subsidies to reduce the real access gap,

4. The MDGs are (1) reducing the proportion of people living in extreme poverty by half be-
tween 1990 and 2015; (2) reducing hunger by half by 2015; (3) enrolling all children in primary
school by 2015; (4) making progress toward eliminating gender inequality and empowering women
by eliminating gender disparities in primary and secondary school education by 2005; (5) reduc-
ing infant and child mortality ratios by three-quarters between 1990 and 2015; (6) providing access
to all who need reproductive health services by 2015; (7) and implementing national strategies for
sustainable development by 2005 so as to reverse the loss of environmental resources by 2015
(United Nations 2000).
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and institutional arrangements to increase the use of ICT in the provision of
public goods. Given the diverse potential benefits of ICT, especially in the pro-
vision of public goods, subsidies traditionally used for poverty alleviation could
be adapted to create incentives for the use of ICT. For example, conditional cash
transfer programs,® which are largely tied to education or health, could be im-
plemented at the community level to provide Internet access to children where
educational and health services are delivered. At the same time, such programs
would contribute to the necessary critical mass of ICT previously discussed.

In addition, it is necessary to learn from the positive results on access to
cellular telephones in poor countries, as is illustrated by the boom in cellular
use in Africa. Competition prompted operators to sell air time in smaller (and
hence less expensive) units through a prepaid card system, even though the cost
per minute was actually higher. The service offers a viable alternative to poor
households whose use is comparatively low and who need greater flexibility in
managing their livelihood security.

As mentioned at the beginning of this book, access to information through
ICT is not only a question of connectivity but also of capability to use the new
tools and relevant content provided in accessible and useful forms. Connectiv-
ity has been a priority, as a prerequisite for the other two, but given the speed
at which technologies are evolving and assuming they are allowed to move
frecly—unconstrained by overly restrictive licenses and global patenting—costs
could fall significantly, facilitating adoption. Hence, we should not overlook the
need for all three “Cs” to progress in tandem.
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Glossary of ICT Terminology

Cellular telephone
concession

Fault rate

Fixed telephone lines

ICT

Internet user

1P

ISDN

A contract for service assigned by the government
(through the relevant administrative body) to
telecommunications service providers; concessions
are usually awarded through a competitive process.

The number of times a line fails.

Telephone lines that connect a customer’s
(government, business, or residential) equipment
(telephone set, facsimile machine, or computer) to
the public switched telephone network (PSTN) and
that have a dedicated port on a telephone exchange.
In most countries, fixed (main) lines also include
public payphones.

Information and communications technologies.
The application of modern communications and
computing technologies to the creation,
management, and use of information.

A dial-up, leased-line, or broadband (DSL, cable
modem, or other broadband) Internet subscriber.

Internet Protocol. IP was originally designed for
data networking. The success of IP in becoming a
world standard for data networking has led to its
adaptation for voice networking.

Integrated Services Digital Network. A tele-
communications standard for the transmission of
digital information over ordinary telephone lines,
and the name for the digital telephone network.
The network contains channels for digitized
speech, data, images, or video signals.
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ISP

LAN

Leapfrogging
technologies

Penetration rate

Teledensity
Cellular teledensity

Fixed line teledensity
Internet teledensity

USO

Universal access

VOIP

Internet service provider. An organization with

a direct connection to the Internet acting as an
intermediary for other users, providing them with
an email address and software, access to the
worldwide web, and often space on web servers
for home pages, web sites, and the like.

Local area network. A communications system
linking computers within a restricted geographic
area such as a building or a campus. A LAN also
allows computers to share information from a
central source.

Advanced technologies that allow countries to
bypass many, if not most, of the incremental stages
of technology development.

See teledensity.

Number of cellular phone subscribers per 100
inhabitants.

Number of fixed telephone lines per 100 inhabitants.
Number of Internet users per 100 inhabitants.

Universal service obligation. A common goal as a
national communications policy, under which all
the inhabitants of a country have access to a tele-
phone line, regardless of the cost of providing it.

In contrast to universal service obligation, the
household-level definition of access prevalent in
industrialized countries, a policy of universal
access seeks to ensure access at a “reasonable”
level, such as at the community level.

Voice over Internet protocol. The transmission of
voice traffic over IP-based networks.
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far-flung markets, political empowerment, greater growth, even the possibility that

countries could leapfrog entire stages of development. But when none of that
happened in a hurry, the hoopla gave way to concern that rather than closing the wealth gap,
IT was exacerbating it. Yet for all the international debate, very little systematic empirical
research has been done to confirm claims and counterclaims and to guide policymakers on
how information technology actually affects the development of low-income countries. In this
volume, Maximo Torero and Joachim von Braun seek to address this omission with a collec-
tion of case studies exploring the relationship between telecommunications and development
in Bangladesh, China, India, Ghana, Laos, Peru, and East Africa.

T he IT revolution made some glorious promises to the world's poor: instant access to

“In this well-researched collection of papers the authors flesh out what it means to bridge the

digital divide. They show that ICTs can play a vital role not only in generating economic

growth, but in ensuring thar the benefits of this growth are shared by the poor. The detailed

assessments pruwdcd in this volume will be of interest to researchers and to the policy commu-
nity as well.”

—Ravi Kanbur, T.H. Lee Professor of World Affairs, International

Professor of Applied Economics and Management, and

Professor of Economics, Cornell University

“Mainstream literature on economic development has often overlooked the fundamental role
that ICTs can play in triggering development and growth. This highly relevant book presents
and analyzes major experiences with the interaction between teleccommunications and
economic progress on three continents. It provides most valuable empirical and conceprual
information for anyone wishing to understand the potential impact of telecommunications j

. »
less-developed countries.

~Professor Arnold Picot, Chair, Institute for Informagion,
Organization, and Management, Munich School of Mana

MAXIMO TORERQO is a research fellow at the International Food Policy Research
(IFPRI). JOACHIM VON BRAUN is the director general of IFPRI.
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