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This is the second year since the adoption of the 17 Sustainable Development Goals 
(SDGs) by world leaders in September 2015 at a historic United Nations Summit. 
Over the next 15 years, countries will mobilize total efforts to end all forms of pov-
erty, fight inequalities, and tackle climate change. Information and communication 
technologies (ICTs) have the potential to accelerate socio-economic development of 
all countries in support of the 2030 development agenda for sustainable 
development.

Today, seven billion people (95% of the global population) live in an area that is 
covered by a mobile-cellular network. Mobile-broadband networks (3G or above) 
reach 84% of the global population. Over two-thirds of the population lives within 
an area covered by a mobile-broadband network. Information and communication 
technology services are increasingly becoming more affordable. For instance, 
mobile-broadband services have become more affordable than fixed-broadband ser-
vices. By end of 2015, average mobile-broadband prices corresponded to 5.5% of 
gross national income per capita worldwide. Although in the developing world, 
more than half of all people are not yet using the Internet and there exists large dif-
ferences in terms of broadband speeds and quality, the situation in terms of ICT 
adoption is improving.

The progress being made has significant impact in the developing world in edu-
cation, health, agriculture, commerce, and almost every facet of human life. Even in 
the world’s 48 least developed countries, there is a new wave of hope and adoption 
of the latest ICT services and applications that include the use of Big Data to miti-
gate epidemics and road network planning. Financial inclusion is also on top of the 
agenda and is playing a key role for the development of these countries as it extends 
services at affordable cost to sections and low-income segments of society.

I have no doubt that the stage is already set for catalyzing development through 
ICT adoption. Policy makers and telecommunication regulators are encouraged to, 
however, create an enabling environment in order to encourage the private sector to 
invest into the ICT sector and get more and more people to have easy access to ICT 
and to develop the necessary skills that will enable them to fully use these new tools. 
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Capacity building remains a key success factor as new technologies are constantly 
introduced into the market such as Big Data, Internet of Things, and Artificial 
Intelligence. These technologies have immense potential to accelerate economic 
growth that in turn could result in most countries achieving the targets of the 2030 
sustainable agenda covering economic, social development, and environmental 
protection.

Cosmas Zavazava
Projects and Knowledge Management 

International Telecommunication Union (UN) (ITU) 
Geneva, Switzerland
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Preface

 The Context

Recently, the world has witnessed unprecedented advancements in terms of 
speed and geographical coverage and diffusion of information and communica-
tion technologies (ICTs). Broad empirical evidence shows that even the most 
economically backward countries are adopting ICTs to eradicate their techno-
logical deprivation.

ICTs are universally acknowledged as a powerful tool for development and 
are often promoted as pivotal to bringing about social and economic growth. The 
revolutionary feature of modern ICTs  – mainly the Internet and mobile tele-
phony – facilitates low cost and speedy interaction among network participants. 
The full potential of new technologies can be easily unleashed when they are 
deployed as an economic development accelerator in least developed countries. 
ICTs bring to developing markets new business models, innovations, capital-
labor substitution, and improved goods and services. Because they can spread 
rapidly, with little cost and minimal skills required for usage, ICTs create a solid 
background for social and economic gains. They enable significant reduction in 
information asymmetries, which improves access to economic activities for a 
multitude of agents, fostering participation, inter alia, in labor market of disad-
vantaged societal groups.

The adoption of ICTs creates better conditions for education and skills improve-
ment, allows overcoming barriers for disadvantaged groups, brings about empower-
ment, and paves the way to tap the global market of goods and services. ICTs 
enhance shifts from traditional to modern forms of conducting business and provide 
the necessary impetus to usher in an industrial revolution.

Regardless of all the abovementioned facts, information and communication 
technologies’ impact on economies’ performance is claimed to exhibit in the long- 
run perspective, and – in addition – their real impact is limited and hardly quantifi-
able. Therefore, after almost two decades of rapid diffusion of ICT in the developing 
world, it becomes imperative to assess the real consequences of adoption of ICTs in 
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economically backward countries. Broad, real-world-based evidence would provide 
a better understanding of the precise nature of new technologies and their impact on 
a country’s economy and society.

The recent years have witnessed the role of ICTs in influencing the socioeco-
nomic context in many countries. Despite that, in many regions, a significant pro-
portion of the population does not have access to clean water, sanitation, basic 
health services, infrastructure, and proper education. The mission of this book is to 
explain how ICTs provide novel opportunities for information interchange and tech-
nology transfer and escalate socioeconomic development in the developing world. 
ICT can be pivotal to building a transparent and all-inclusive society. This being 
said, integration poses challenges that are not easy to overcome, and so strategic and 
holistic approaches are needed to realize the full potential of these advancements in 
technologies to reform governance and transform public agencies and services. The 
gap is especially wide because policy makers and government agencies view ICT as 
an add-on technical fix, while ICT specialists fail to speak the mainstream develop-
ment language. Our thoughts are that policy makers and technology specialists must 
communicate across the divide and manage the transformations brought about by a 
new paradigm.

 What This Book Offers

This highly valuable book offers the reader a critical look into aspects of ICTs in 
raising socioeconomic development in underdeveloped countries. It intends to 
illustrate “success stories” in developing countries in reducing poverty, improving 
productivity, and addressing climate change issues. It aims to bridge the gap 
between the disciplines of ICT and economic development, and hence, it argues for 
the need to merge socioeconomic development with the revolutionary advances in 
information and communication technologies in order to address development 
challenges facing poor countries and emerging economies, particularly those con-
cerning basic facilities such as clean water, sanitation, and basic healthcare ser-
vices. It also builds a case for integrating new technologies into development 
strategies and governance reforms. It offers a number of frameworks and tools to 
advance this integration agenda. When properly leveraged, the ICT tools can reduce 
the cost of public services, enhance access to quality services, and make governing 
agencies more transparent.

This book comprises five parts.

Part I General and Multiregional Studies: In this part, you will understand why 
and how ICTs may affect socioeconomic development in economically backward 
economies and the prerequisites that are required to bring about social and eco-
nomic escalation. We focus on some of the challenges faced by emerging econo-
mies in tackling corruption and the issues encountered in handling and processing 
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heterogeneous, complex, and unstructured data for better decisionmaking. We use 
case studies to demonstrate how ICT can be a powerful tool to fight corruption and 
handle big data for implementing better management policies.

Part II Asia: We use Bangladesh as a case study to highlight the role of ICT in 
strengthening the public sector accounting and introducing more transparency and 
accountability in the system. You will also gain an insight into how ICT can play a 
vital role in addressing climate change with particular focus on agricultural adapta-
tion and disaster risk reduction from a community perspective.

Part III Africa and the Middle East: Case studies from Africa and the Middle 
East are used to evaluate infrastructure deployment in OECD and MENA countries. 
The section highlights how reconstructing the institutional framework that supports 
scientific knowledge management systems (SKMS) in developing countries can be 
a panacea for successful IR innovation. It also throws light on how developing coun-
tries can enhance their ICT adoption for development by improving formal institu-
tions and strengthening domestic determinants of ICT adoption.

Part IV Latin America: In this part, we study the role of ICTs, especially the 
Internet, in three Latin American countries to understand how people can attain the 
lifestyle they value and how inequalities in this ability or “information richness” can 
be explained by sociodemographic characteristics that do not depend on the indi-
vidual’s decisions. Evidence from Chile illustrates how ICT can improve communi-
cation access and participation in social programs and reinforce preexisting 
inequalities. We use country-specific information from Chile to show how 
e- commerce is emerging as a channel to penetrate new markets and opening up new 
avenues for productivity in the manufacturing and service sector.

Part V Europe: In this part we assess the economic potential of big data industries 
in Europe and the challenges they face. We use data from Slovenia and Slovakia to 
understand the common patterns of digital development in developing countries and 
find that while the levels of efficiency of these industries are high, they are missing 
some key economic links with other sectors of the economy. We then shift focus to 
Estonia, which is home to many new ICT startups to understand how ordinary citi-
zens are benefitting from this revolution.

We expect that the book content draws on the insights and contributions of many 
colleagues and academics in developing countries. Its intended audiences are policy 
makers and ICT strategists. We also hope that it provides the necessary impetus for 
a more active communication among government agencies concerned with socio-
economic development and ICT strategies to build more inclusive societies in the 
developing world. We are fully aware that the book tackles only a small sample of 
issues which are associated with problems of ICT adoption in the developing world 
and exploiting its full potential. However, we do hope it is an inspiring worldwide 
study, paving the road ahead for further research.

And last but not the least, we would like to acknowledge the role of the 
Department of Science & Technology (DST), Ministry of Science and Technology, 
Govt. of India, India, and the Ministry of Science and Higher Education of the 
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Government of Poland (MNISW) in making this book possible. This work is cata-
lyzed and supported partially by the Indo-Polish joint research grant funded by the 
DST and the Ministry of Science and Higher Education (Poland).

New Delhi, India Harleen Kaur
Gdańsk, Poland Ewa Lechman
Gdańsk, Poland Adam Marszk
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Chapter 1
Information and Communication Technologies 
for Economic Development

Identifying the Channels of Impact

Ewa Lechman and Adam Marszk

Abstract This chapter is intended to explain why and how information and 
communication technologies may affect the process of socio-economic develop-
ment, especially with regard to economically backward economies. It sheds light on 
why technological changes constitute prerequisites enabling advancements along 
the socio-economic development pattern. It is also designed to exhibit the special 
relevance of information and communication technologies when implemented in 
developing countries. Additionally it discusses the potential channels through which 
information and communication technologies may contribute to social and eco-
nomic development in developing world, with the special focus on the financial 
systems.

Keywords ICT • Economic development • Social development • Financial markets 
• Developing countries

(…) the biggest beneficiary of the Industrial Revolution has so far been the unskilled 
(Gregory [13], p. 3)

1.1  Introduction

Over last few decades (since 1970s onwards), the world has witnessed, the process 
of rapid diffusion of new information and communication technologies (ICTs), and 
undeniably, this process has enforced remarkable changes and structural shifts 

This research has been supported by the project no.2015/19/B/HS4/03220 financed by the National 
Science Centre, Poland.

E. Lechman (*) • A. Marszk 
Faculty of Management and Economics, Gdańsk University of Technology, Gdańsk, Poland
e-mail: eda@zie.pg.gda.pl; amarszk@zie.pg.gda.pl

mailto:eda@zie.pg.gda.pl
mailto:amarszk@zie.pg.gda.pl


4

going far beyond economic sphere of life. At a time, the process of ICT diffusion 
radically differs, mainly in terms of speed and geographic coverage, from the pro-
cess of diffusion of ‘old’ technologies [14]. As claimed by many, the year 1971 was 
the turning point as it gave rise to the technological (information) revolution, and 
hence it determined the emergence of new techno-economic regime [19, 25, 49]. 
Since then onward, new technologies are profoundly transforming social and eco-
nomic landscape [27, 40]. The ICT revolution allows for introducing technologies, 
which are quickly distributable throughout societies and countries. ICTs are claimed 
to be the general purpose technologies (GPTs) [6] – technologies, which by generat-
ing deep structural and qualitative changes, pervasively impact society and econ-
omy. Bersnahan and Trajtenberg [6] underline that broad adoption of general 
purpose technologies fosters radical changes of social norms and structures, which 
leads to transformation of social systems and ways of doing business, heavily 
impacting growth of productivity [32] and, at a time, providing solid background for 
long-term economic growth and development. Importantly to note, these technolo-
gies easily overcome geographical, infrastructural and financial constraints and 
hence may be used by almost everybody regardless of location and income status. 
That is to say that ICT may be accessed and used by low-income and low-skilled 
societies, offering them unlimited opportunities to benefit from global information 
and knowledge flows [40]. Looking back, we may argue that in economically back-
ward countries, advanced technological solutions have been rarely adopted and 
used. It does not mean, however, that in developing economies, no type of techno-
logical progress has ever been introduced. But, importantly to note, that the spread 
and access to various past technological solutions was extremely limited in poor 
countries (see, e.g. low electrification rates or negligible access to railway net-
works). Today, those countries, which are perceived as economically backward, are 
rapidly heading towards broad deployment of ICT, and this radical change, undoubt-
edly, is revolutionary and one of the most striking facts in their development paths.

1.2  ICT for Social and Economic Development

Undeniably, new information and communication technologies have triggered pro-
found shifts of societies and economies, allowing for advances in their overall well- 
being. Today, however, the ongoing information revolution is more deeply changing 
the global landscape than it was observable in the past.

ICTs become fast available, and, as already stated, the rate of diffusion is 
extremely high [15]. Importantly to say is that the dynamic process of diffusion of 
ICT is not limited to the developed economies, but it is also observed in economi-
cally backward countries, where the per capita income is low, which lack basic back-
bone infrastructure, where the majority of society is poorly educated and lives below 
poverty line [27, 28]. When analyzing the process of ICT diffusion, some character-
istic features of the process may be easily observed. These unique features distin-
guish the process of ICT diffusion from the diffusion of ‘old’ technologies, and 
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additionally they become of special importance when considering the impact of ICT 
on long-term economic growth and development. First of all, the adoption of ICT 
allows for fast growth of social networks [11, 56), which generates economic advan-
tages, like, for instance, economics of scale [38, 20], providing solid foundations for 
long-term economic growth and development. Dynamic growth of socio-economic 
networks is predominantly facilitated by the type of technological solution offered 
by ICT. These are, for instance, wireless networks, which enable direct connections 
among society members, allowing for information and knowledge flows, regardless 
the physical location of the agents, diminishing their economic and technological 
marginalization. Cairncross (2001) [9] writes about the ‘death of distance’ showing 
that the geographic distance is no longer a barrier for various types of economic 
activities, as ICTs become widely adopted and used. Broad adoption of ICT enables 
fast and, at low cost, flows of knowledge and information [51, 62], which become 
easily acquirable for all society members who, so far, have been permanently tech-
nologically and informational marginalized.

Hanna [27] and Perez [48] indicate that, if considering the developing economies, 
the process of ICT diffusion deserves special attention for two major reasons.

First, ICT may be easily adopted in all countries regardless their level of eco-
nomic development, because:

• ICTs are fast installable in regions with poorly developed infrastructure and in 
those regions which are geographically isolated, permanently suffering from 
heavy infrastructural underdevelopments. As argued by many, ICTs go far 
‘beyond geography’ and thus allow overcoming physical barriers.

• The costs of adoption and broad use of ICT are relatively low (the marginal cost 
of adoption of ICT by consecutive users is close to zero – especially in case of 
wireless technologies), which means that ICT may be acquired even by low- 
income societies. In economically backward economies, a vast majority of peo-
ple suffers from material deprivation, while ICT may be easily acquired at 
relatively low prices.

• ICTs offer technological solutions which may be used even by low-educated, 
illiterate and unskilled people. This is the main reason why ICTs are claimed to 
be technologies ‘for all’.

• ICTs are fast deliverable, imitable and adoptable, and thus the number of its 
users grows at high rate, which was not observed in case of the ‘old’ 
technologies.

Second, the information and communication technologies may constitute an 
important determinant of long-term economic growth and development [27], as they 
allow for unbounded flows of information (reducing the information asymmetries) 
and access to global markets and mobilize resources – especially labour force, stim-
ulating economic growth.

Through improved access to financial markets (e.g., e-finance and mobile-finance 
solutions), ICTs allow for greater mobilization of people’s savings and provide 
opportunities to convert them into investments, which, through the banking system 
channel, may positively affect long-term economic growth and development. ICTs 
foster greater mobilization of the labour force, enhancing increasing participation in 
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formal labour markets, which in consequence provides a solid fundament for obtain-
ing regular income. Moreover, these changes may shift people from subsistence and 
extreme poverty, reducing their vulnerability and risk exposure to external shocks.

Growing engagement of people in formal employment creates long-run eco-
nomic gains and allows eradicating of socio-economic deprivation, which consti-
tutes the first and the most important step through which the ICT potential may be 
exploited and exhibited in developing countries.

Moreover, the special role of ICT in the process of development of countries is 
perceived through the educational opportunities that these technologies create. ICTs 
play a critical role in the socio-economic development process by broadening access 
to information and all types of knowledge, which improves people’s empowerment 
and their participation in various spheres of life [42, 63]. ICTs allow for eradication 
of information asymmetries, hence one of the market failures [64], and therefore 
they enhance the efficiency of resource allocation. Perez and Soete (1988) [57]
argue that for many countries, ICTs are the opportunity windows, as they facilitate 
elimination of multiple barriers disabling entering the pattern of stable economic 
growth and development. ICT may contribute to overall socio-economic develop-
ment through improved access to education and knowledge, improved and more 
effective functioning of healthcare systems or, for instance, e-government solution. 
ICT may effectively foster increases in human capital and skills, contributing to 
social cohesion and enhancing empowerment of all social groups.

Many empirical studies demonstrate, however, that unrestricted Internet access 
remains limited in some of examined countries (especially in low-income econo-
mies), but the promising aspect of the latter is that many of these economies are 
rapidly improving Internet accessibility, which is mainly facilitated by development 
of wireless networks. As claimed by, inter alia, Hanna [27], Torero and von Braun 
[60], Unwin [61] or Gruber and Koutroumpis [26], these trends are promising and 
reveal prospects for the future, providing poorly developed countries with the 
opportunity to enter a stable socio-economic development pattern.

1.3  ICT for the Development of Financial Systems

Development of the financial system is undeniably an important factor of the eco-
nomic growth [52]. Even though the number of factors influencing the activities of 
financial systems has been identified, new technologies (above all ICT) are one of 
the most significant in both advanced and developing economies [65, 66]. However, 
as discussed below, the effects of the growing ICT adoption on the financial system 
may also be negative.

Key channels through which ICT influence financial systems are reduction in 
the information asymmetry, increase in the information sharing between financial 
market participants, decrease in the marketing costs and increased market partici-
pation [5]. These channels are linked with one of the fundamental features of the 
financial markets – they are claimed to be ‘information markets’ [43, 59]. Widely 
adopted ICTs enable information and data dissemination through which various 
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market failures may be reduced [1, 2, 44]. Due to increasingly more popular usage 
of the Internet services, including the ones obtained in the high-speed networks, 
ICTs also enable various market participants to undertake transactions which are 
not limited by the physical distance, i.e. investing into assets domiciled in distant 
countries or regions. Such operations may be conducted with shortened time 
delays [41].

The impact of ICT on the financial systems is not solely positive. There are certain 
areas where more intensive usage of new technologies may potentially lead to threats 
for the financial stability, e.g. through increasing the volatility of the financial mar-
kets [35] or growing interest in the short-term investments (consequently decreasing 
focus on the long-term capital uses [58]). According to CFA Institute [12], new tech-
nologies may increase fragmentation of the financial markets’ liquidity. Another 
channel, through which ICTs influence financial systems, is the increasing financial-
ization of other, initially nonfinancial markets, including commodities [17, 47]. From 
the point view of the developing economies, significant threats may result from the 
varying levels of the ICT adoption between the developing and advanced economies. 
As a result, the financial exclusion of the countries or regions unable to benefit from 
the new or improved financial services and products may emerge [50].

Undeniably, modern financial system has become reliant on ICT and financial 
innovations boosted by new technologies. As a consequence, its complexity has 
increased, thus hindering proper execution of the supervisory activities by regula-
tors and governments [17, 36].

ICT may also change the features of competition in the finance industry, making 
it more technology based, with notable example of exchange systems – floor-based 
exchanges have lost market shares to exchanges with electronic systems (especially 
among derivative exchanges) as ICTs have diminished some of the entry barriers 
[22].

The impact of the ICT adoption on the financial system (especially its develop-
ment) has been verified in a number of empirical studies, yet their results are far from 
conclusive. Shamim [55] analyzes empirical linkages between increasing ICT pene-
tration and financial markets in 61 economies over the period 1990–2002, formulating 
the conclusion about the positive impact of ICT on the financial development. Some 
studies on this topic have concentrated on the developing economies. Among the most 
recent, Andrianaivo and Kpodar [3] state that adoption of ICTs positively impacted 
economic growth in a sample of African economies between 1988 and 2007, partially 
through greater financial inclusion. Sassi and Goaied (2013) [53] as well as Falahaty 
and Jusoh [24] found that ICTs positively influence financial development in the 
MENA region. Asongu and Moulin [5] provide results for 53 African countries for 
2004–2011, stating that interactions between adoption of ICT and efficiency of private 
credit bureaus and registries are mixed yet weak – ICTs play very limited role in 
boosting financial access (one of the elements of financial development).

New technologies have significant impact on the financial services provided by 
the banking sector. The most notable examples of the services in the banking indus-
try facilitated by ICT are electronic payments, processing of financial transactions 
through electronic systems, online and mobile retail banking services, mobile appli-
cations for banking customers and online services for the corporate clients [18]. 
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Other, well-established example of the ICT adoption in the banking industry is 
ATMs. It should be underlined that the rate of adoption of the new technologies in 
the banking industry differs among countries. What is important, though, is that in 
developing economies often more technologically advanced financial services are 
used due to leapfrogging and adoption of the most recent solutions. One of the most 
important examples is the @widespread use of mobile banking services in the 
developing economies, e.g. in many African countries, where the saturation levels 
of such services are often higher than in advanced economies, in which traditional 
banking remains more popular.

Apart from the impact on the range of services offered by the banking compa-
nies, ICTs influence also the structure of the financial institutions by allowing 
increasingly complex task sharing, i.e. with various operations conducted in often 
physically distant countries. As a result, the largest financial corporations are pres-
ent in many countries and often move their back offices to locations which enable 
lowering the costs or increasing the level of services (e.g. in India or Eastern 
Europe). These changes may be beneficial for the developing countries where such 
offices are usually opened – they may boost the growth of the local services sector 
and positively influence its environment, e.g. educational system (large number of 
highly educated employees is required to provide services for the global financial 
corporations).

Adoption of new technologies such as ICT is one of the most significant factors 
which have influenced the development of the financial markets over the last few 
decades, especially at the end of twentieth and beginning of twenty-first century. 
Increasing penetration of ICT has transformed the infrastructure of the financial 
markets, above all in their most dynamic segment, i.e. capital markets. Infrastructure 
of the financial markets has been defined by Essendorfer et al. ([23], p. 306) as: 
innovation that facilitates between-agent (or counterparties) trading and process-
ing, and settlement of securities, commodities and currencies or aggregates data or 
information from multiple sources to facilitate trading. Crucial role is played by the 
introduction and development of fully electronic trading platforms, facilitating 
algorithmic and high-frequency trading (HFT) with the limited impact of human 
traders – in case of HFTs computers are responsible for the evaluation of the market 
data and transactions. The microstructure of the financial markets, especially stock 
markets, has changed [44]. Costs of the financial transactions as well as the time 
delays have been decreasing which led to improvements in terms of liquidity and 
efficiency of the financial instruments’ pricing [33].

In case of electronic trading platforms, trading speeds may now even be mea-
sured in nanoseconds, i.e. they are much shorter than in case of fully human turn-
over [36]. However, emergence of the sophisticated algorithmic and HFT systems 
may also lead to a number of threats for the financial markets, e.g. large and irre-
versible losses of the markets’ participants, lack of adequate control [37] or higher 
volatility [18]. In 2014, HFT accounted for ca. 50% of all equity trading in the 
United States, in Europe its share was at ca. 25%, in Japan at ca. 45% which shows 
its high importance in the advanced economies (in the emerging countries its share 
was much lower due to, e.g. lower rate of ICT penetration [37]).
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Technologically advanced trading platforms are typical for the highly developed 
economies, yet there are other areas where the impact of ICT on financial markets can 
be observed, also in developing countries. Adoption of ICT enables more widespread 
dematerialization of securities, i.e. keeping them as digital record at depositary institu-
tion instead of physical form [37]. Dematerialization reduces the cost and duration of 
transactions as no exchange of physical securities (i.e. printed documents confirming 
holding the shares or bonds of particular company) is required. Another important 
benefit is the possibility to use the same trading infrastructure by various market par-
ticipants (trading infrastructure with the centralized depositary institution).

ICTs are also one of the factors enabling listing of various financial instruments 
on more than one trading platform. They facilitate transactions between physically 
distant locations with very limited time delays and are required in the management 
of exchange rate risk (i.e. changes in the financial result of the transaction resulting 
from the variations in the prices of currencies) crucial in this type of investments 
[10, 54]. Such opportunities are particularly important in case of developing econo-
mies where costs of transactions in financial markets are usually higher and liquid-
ity as well as pricing efficiency is lower than in advanced economies [8]. It means 
that adoption of ICT in those financial markets may attract foreign investors and 
contribute to integrating them into the global financial system.

Apart from the areas discussed above, ICTs have been influencing financial mar-
kets through establishment of electronic trading systems which boost the develop-
ment of the derivative security markets. It has been evidenced, for instance, by 
introduction of new types of contracts [22] and higher level of the capital markets’ 
integration and globalization [46].

Results of the empirical studies seem to confirm the impact of ICT on the stock 
markets, both in the advanced and emerging economies. Effects seem to be mostly 
positive. According to the study by CFA Institute [12], US stock market is critically 
dependent on new technologies due to its structure (decentralized electronic net-
work). Essendorfer et al. [23] claim that ICTs have created new market ecology on 
the US stock market by making trading faster and cheaper but also more volatile and 
fragmented. Hossein et al. [34], in their study for the world’s leading capital mar-
kets, found that ICT adoption had significant impact on the stock market develop-
ment (with the exception of the ease of access). Bhunia [7], using the key stock 
market development indicators, argues that ICT adoption boosted the development 
of the Indian stock market. Okwu [45] studied stock exchanges in Africa (in Nigeria 
and South Africa) and stated that ICT adoption is one of the key development fac-
tors if transaction capacities are taken into account.

Global financial system has in the recent years undergone a deep and profound 
transformation. Even though the financial systems of the developing economies 
have to a varying degree been integrated into the global system, some of the key 
changes can also be observed in those countries. ICT played a significant role in 
those developments, especially in the field of financial innovations. They may be 
claimed to be one of the key factors affecting the spread of innovative financial 
products, such as exchange-traded funds (or, more broadly, exchange-traded prod-
ucts) which are currently offered and actively traded on the largest developing world 
financial markets, i.e. China, India, Brazil or Mexico.

1 Information and Communication Technologies for Economic Development
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Exchange-traded funds (ETFs) are investment funds listed and traded on the 
stock exchanges in a manner very similar to any other listed securities [17]. ETFs 
compete with some types of mutual funds (index funds) as well as stock index 
futures or options [4]. In their most popular form, the aim of ETF is to closely track 
the prices of the underlying assets (therefore they are considered tools for passive 
investing). Over the last years, many new types of ETFs have been launched (includ-
ing active ETFs whose aims are very different from basic ETFs), yet ETFs tracking 
stock market indexes remain globally the largest category in terms of assets. Their 
introduction and trading in the financial markets is to a large extent dependent upon 
the adoption of ICT. Following areas of the potential impact of ICT on the develop-
ment of the ETF market have been identified in the existing literature [41]:

 1. Decreased cost of ETF trading resulting from the adoption of the electronic trad-
ing systems.

 2. Lower tracking error (deviations of the rates of return of ETFs from the rates of 
return of the tracked assets) possible due to arbitrage transactions based on 
access to up-to-date information.

 3. More potential for cross-listing of ETFs, i.e. listing on more than one stock 
exchange or listing of ETFs tracking foreign assets.

 4. Increased potential for the development and launch of ETFs from the point of 
view of the companies which manage such funds – in order to offer ETFs which 
are able to compete with similar investment choices (such as index funds) and, 
therefore, gain profits; operational systems of ETF providers must be based on 
the technologically sophisticated solutions; it applies especially to more compli-
cated types of ETFs, e.g. synthetic ETFs which are managed with the use of 
derivatives.

Discussion of the impact of ICT on innovative financial products has been pre-
sented above with reference to the example of ETFs, yet it may also be applied to 
other similar financial assets in the category of exchange-traded products (ETPs), 
for instance, exchange-traded notes (ETNs) or exchange-traded commodities 
(ETCs). The example of Mexico or China shows that innovative financial products 
may also be successfully launched in developing economies, partially due to the 
sufficient level of ICT penetration.

1.4  Summary

Recently observed rapid diffusion of ICT in many developing countries gives rise to 
questions about how these technologies may affect economic development and 
whether underdeveloped countries are able to effectively harness the potential that 
ICT offer [30, 21]. Many scholars argue that near-ubiquitous spread of information 
and communication technologies offers unprecedented opportunities to take off on 
the development path (see, for instance, works of Heeks [31], Desai and Potter [16], 
Hanson and Narural [29] and Khavul and Bruton [39]). However, the most the 
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remarkable impact of ICT on country’s overall development can only be confirmed 
when it converts into growing human opportunities, capabilities and thus wealth.

The very optimistic scenario would be that ICTs will offer a way towards devel-
opment and growth that will encourage developing countries to climb the ladder and 
enter a stable development pattern forging ahead economically.

ICTs deeply affect and transform social and economic life, playing an enabling 
and unlocking role for economic growth and development. There is a causal chain 
between ICT adoption and a country’s ability to enter the pattern of long-term eco-
nomic development, which finally should allow backward countries to catch up with 
the best performing economies.
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Chapter 2
The Impact of ICTs on Women’s Economic 
Empowerment

Dagmara Nikulin

Abstract It is widely argued that ICTs enable the inclusion of low-skilled and tra-
ditionally marginalized groups, such as women, people with disabilities, and work-
ers at the base of the pyramid (BoP), in the labor market. In this paper, we investigate 
the determinants of female participation in the labor market in developing countries 
with a focus on the impact of the use of ICTs on female labor force participation. 
We conduct a panel study analysis for 60 developing countries in the time period 
2000–2014. Our results confirm that there is rather a positive impact from the use of 
ICTs on female labor force participation in developing countries. Moreover, we 
show that gross national income (GNI) per capita, fertility rates, and income 
inequalities influence to some extent the level of women’s engagement in the labor 
market. Our results are robust against different control variables, as well as different 
ICT proxies.

Keywords ICTs • Female labor force participation • Panel data • Development 
level • Income inequalities

2.1  Introduction

Over the past few decades, information and communication technologies (ICTs) 
have played an important role as a key solution for comprehensive development, 
poverty elimination, and the empowerment of groups discriminated against in soci-
ety. One of the important effects of the proliferation of ICTs is the influence on the 
labor market, both through the creation of new jobs (ICTs as a sector) and making 
labor markets more inclusive, innovative, flexible, and transparent (ICTs as a tool). 
The relationship between ICT adoption and labor market outcomes is worth study-
ing, as reflected in numerous studies. On the one hand, it is widely argued that ICTs 
enable the inclusion of low-skilled and traditionally marginalized groups, such as 
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women, people with disabilities, and workers at the base of the pyramid (BoP), into 
the labor market [21]. On the other hand, a variety of female labor force participa-
tion rates are observed across countries, reflecting differences in economic develop-
ment, social norms, education levels, and fertility rates. Moreover, labor force 
participation among women is more varied than among men [26].

In this paper, we examine the influence of ICTs on the labor market in develop-
ing countries. The motive for undertaking this research is that there is on the one 
hand a wide range of literature arguing the positive effect of ICTs on female partici-
pation in the labor market and on the other hand statistics showing rather stable 
levels of female labor force participation in developing countries over the last 
15 years, despite rapid changes in ICT indicators. Therefore, the main goal of this 
study is to examine if and how ICTs shape and change work with regard to the 
female labor force in the labor market. From our point of view, it is interesting to 
investigate the determinants of female participation in the labor market in develop-
ing countries. To do this, we conduct a panel study analysis for 60 developing coun-
tries over the time period 2000–2014.

In our article, we contribute to the relevant literature by examining the relation-
ship between the use of ICTs and the level of the female labor force. As a response 
variable, we use the female labor force participation rate (as the percentage of the 
female population aged 15+), modeled as an international labor office (ILO) esti-
mate. As explanatory variables, we employ two different ICT indicators, such as 
mobile cellular telephone subscriptions per 100 inhabitants and percentage of indi-
viduals using the Internet. In this way, we compare the influence of different ICT 
measures on women’s economic empowerment.

Our results confirm that the use of ICTs exerts a positive influence on female 
labor force participation in developing countries. Moreover, we find that gross 
national income (GNI) per capita, fertility rates, and income inequalities influence 
the level of women’s engagement in the labor market. Our results are robust against 
different control variables, as well as different ICT proxies. The remainder of the 
article is as follows. The second section addresses the role of ICTs in the labor mar-
ket and in particular in the process of women’s empowerment. The third section is 
devoted to the description of the data and the methodology. In the fourth section, we 
show and discuss our results. The last section concludes.

2.2  ICTs, the Labor Market, and Women’s Empowerment

In the literature, the most popular approach to determining the female labor force 
participation rate is based on the U-shaped hypothesis [5], according to which the 
female labor force participation rate is higher in poor countries, slightly lower in 
middle-income countries and greater in highly developed countries [16]. It is impor-
tant to remember that the female labor supply should be considered both as a driver 
and an outcome of a country’s development. Moreover, the analysis of women’s 
labor force participation seems to be multifaceted. The empowerment of women 
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may be driven simply by poverty (especially in less-developed countries) but also by 
women’s increasing educational attainment and work opportunities created in mod-
ern countries [26]. Analyzing the drivers of female labor force participation in poor 
countries, we observe push factors, which force women to work, in contrast to well-
developed countries, where pull factors draw women into the labor market [13].

At the same time, a considerably greater variation is found in the labor force 
participation of women than men across developing countries. This variation is 
driven by a wide variety of economic factors. The study of the determinants of 
women’s economic participation is complex, and many researchers state that the 
involvement of women is associated with economic, sociodemographic, and cul-
tural factors [23]. There are several factors that influence female labor force partici-
pation. First of all, despite the common claim that women’s empowerment and 
economic development are closely interrelated, economic development alone is 
insufficient to enable significant progress in women’s empowerment [7]. Some 
empirical studies show rather weak evidence on the pure influence of changes in 
gross domestic product (GDP) per capita on the evolution of female labor force 
participation [26]. Moreover, some research results show that rising urbanization 
causes a fall in women’s engagement in the labor market as they are withdrawn 
from the agricultural labor market [26]. The other important factor influencing 
female labor force participation addressed in the literature is educational attain-
ment, which also shows a U-shaped curve. Moreover, educational level determines 
the quality of employment through an increase in the reservation wage [26] and 
therefore is predominantly considered an investment in education [20]. Besides this, 
a range of social determinants are considered determinants of female labor force 
participation, such as marriage, fertility, women’s role outside the household, and 
household and spousal characteristics.

Moreover, the role of the quality of female employment is often discussed in 
analyzing the determinants of female labor force participation. It is therefore crucial 
to understand and investigate the nature of women’s jobs, especially in developing 
countries where employment is often a last resort to prevent poverty rather than a 
means of self-development. Due to the implementation of ICTs, the creation of bet-
ter and more qualified jobs becomes possible. However, Dell’Anno and Solomon 
[6] argue that the benefits of the influence of ICTs on business performance are 
greater for highly skilled workers. This leads to the assumption that the effect of 
ICT adoption is greater in more developed countries.

During the past decade, the international community has focused considerable 
efforts on strategies to help the people of the world’s poorest countries share in the 
benefits of globalization and escape the trap of poverty [19]. Against this back-
ground, it seems increasingly important to examine the role played by ICTs in 
improving people’s level and quality of life [14–16]. In this section, we describe the 
effects of using ICTs on the labor market and in particular on employment opportu-
nities. The literature suggests that these effects should be analyzed in a complex 
manner. Three major drivers that enhance the role of ICTs in the labor market can be 
distinguished: greater connectivity, the digitization of the economy, and the 
 globalization of skills [21]. Greater connectivity means that due to the use of ICT 
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technology, mostly the Internet, people have more opportunities to find a job, and 
employers have more opportunities to find the right workers. For instance, according 
to the McKinsey Global Institute, in developing countries, the use of mobile Internet 
tools influences the productivity of certain types of work [21]. The second driver, the 
digitization of the economy, is strictly related to the contemporary nature of work, 
which has been reshaped, as relationships between workers and between workers 
and employers. Moreover, digitization creates work that is not joined to location and 
is disaggregated across space and time. Nowadays, through telecommuting and out-
sourcing, workers can cooperate globally no matter where they live. Moreover, some 
ICT tools are widespread and available even for small entrepreneurs, which facili-
tates international collaboration. The third driver is the globalization of skills, which 
can be observed in the global chain of production processes. The global share of 
labor creates an opportunity for high-skilled workers from developing countries to 
obtain well-paid jobs. The implementation of ICT tools is a core factor in inclusion 
in global value chains, next to knowledge of foreign languages.

The effects of ICTs on the labor market are complex as the impact of ICT on 
employment can be considered both positive and negative. The negative influences 
concern job losses and work displacement due to the automatization and transfor-
mation of jobs [21]. However, it is primarily the positive effects of ICT proliferation, 
especially in developing countries, that are discussed in the literature. Therefore, in 
this section we focus on the positive outcomes of ICT for the labor market.

In general, the impact of ICTs can be considered in terms of ICT as a sector and 
ICT as a tool. The most obvious effect of ICT adoption is the direct creation of jobs 
in the ICT sector through the production of ICT and the intensive use of 
ICT. However, from a broad perspective, ICTs help to make labor markets more 
inclusive, innovative, flexible, and transparent [21], and thus ICTs can also be con-
sidered a tool used in labor market processes. In this sense, every country is touched 
by ICT, and in the labor market, there are clear implications for productivity and 
labor. In other words, ICTs empower workers and not only those hired in the ICT 
sector [21]. In particular, ICTs are helpful in enabling workers to find jobs and 
employers to find skilled workers as they make it possible to overcome social, cul-
tural, and physical barriers in the labor market [21]. In this way, the labor market has 
become more transparent and efficient. Moreover, ICTs support new forms of 
employment, e.g., by creating opportunities for online contracting (working online) 
[21]. It is important to note that online contracting covers jobs performed not only 
for larger firms but also SMEs and is related not only to ICT jobs but also to non- 
ICT work. Another form of ICT-enabled work is microwork. Microwork involves 
dividing a large task into smaller micro-tasks, which can be performed by individu-
als regardless of geographical distance [21].

The interaction between ICT adoption and women’s empowerment has been 

described widely in the literature. A growing body of studies shows that the impact 

of ICTs is increasingly related to women’s empowerment, both in economic and 

social and cultural respects. It is argued that ICTs allow women to transform knowl-

edge and information into innovative products and services [1, 4, 17] and increase the 
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flexibility of their participation in the labor supply, e.g., through facilitating distance 
work and flexitime [8]. Moreover, ICTs help in creating women’s leadership and 
participation in community and economic development [2]. Most previous research, 
based mainly on national case studies, has indicated that ICTs increase employabil-
ity, and thus women’s empowerment can be advanced [3, 9–12, 18, 22–24, 27].

In general, empirical research concerning the effects of ICTs on women’s 
empowerment has been based on case study methodology. Predominantly, there is 
evidence of a positive influence of ICT adoption on the labor market. In addition, 
numerous initiatives have been undertaken to empower women through the use of 
ICTs [25]. However, although the interaction between ICT adoption and women’s 
economic empowerment has been described widely in the literature, there is still a 
lack of international comparisons confirming or rejecting the hypothesis of a posi-
tive influence of ICTs on the labor market.

2.3  Data and Methodology

Our data set contains panel data from 2000 to 2014 for 60 developing countries, which 
are strongly balanced. As a response variable, we use a female labor force participa-
tion rate, which is calculated as the proportion of female aged 15 and older who are 
economically active.1 As explanatory variables, we employ different ICT indicators, 
such as mobile cellular telephone subscriptions per 100 inhabitants and percentage of 
individuals using the Internet. In this way, we can compare the influence of different 
ICT technologies on women’s economic empowerment. Moreover, to ensure the 
robustness of our results, we use several control variables. Based on existing knowl-
edge concerning the determinants of female labor force participation, we choose the 
following outcomes as control variables: GNI per capita, the fertility rate, the popula-
tion sex ratio, the ratio of urbanization, and the GINI index as a measure of income 
inequality. All data are drawn from 19th edition of the World Telecommunication/ICT 
Indicators database and the World Development Indicators database. Table 2.1 reports 
the summary statistics for all the data used in the empirical analysis.

We conduct a random-effects GLS regression with the use of panel data for 60 
developing countries over the time period 2000–2014. We have chosen a random 
effect model because we assume that the differences across analyzed countries have 
some influence on the dependent variable. Moreover, as an advantage of the use of 
random effect model, we can include time invariant variable (GINI coefficient), 
which also seems to be significant while explaining the variability of female labor 
force participation rate. In this way, we assume random heterogeneity for countries 
over time and across countries.

1 The female labor force participation rate is modeled according to Key Indicators of the Labour 
Market provided by International Labour Organization.

2 The Impact of ICTs on Women’s Economic Empowerment



20

2.4  Results

In this section, we conduct panel regressions to examine the determinants of female 
participation in the labor market and in particular to investigate the association 
between women’s empowerment in the labor market and the use of ICTs. Ceteris 
paribus, we expect the female participation rate to be positively correlated with the 
use of ICTs and the percentage of females in the population and negatively corre-
lated with the fertility rate and the urban population rate. In case of the control vari-
able GNI per capita, the direction of influence for female participation in the labor 
market seems to be problematic; however, according to the U-shaped curve, in devel-
oping countries, the sign should be negative. Table 2.2 presents the results of the 
panel data estimation. As the ICT indicator can be described in several ways, we first 
use the statistics for the percentage of individuals using the Internet as an ICT proxy.

The results presented in Table 2.2 confirm our initial expectations concerning the 
determinants of the female labor force participation rate. We conduct five regres-
sions with different control variables as explanatory variables. Analyzing each of 
the five models, we observe a positive, statistically significant influence of the use 
of ICTs on female participation in the labor market. Moreover, the results of the 
estimations indicate that the female labor force participation rate is dependent on 
GNI per capita in a negative manner. Thus, in developing countries, an increase in 
income is correlated with lower engagement of women in the labor market. The 
reason for this is that women are no longer forced to work to prevent poverty, as 
widely reported in the literature. Similarly, the participation of women in the labor 
market will be higher if there is greater income inequality in a given economy. 
Moreover, our results confirm that women’s empowerment in the labor market is 
also related to female fertility in that a higher fertility rate causes lower participation 
in the labor market. We find no statistically significant result for the influence of the 
ratio of females in the total population.

Table 2.1 Descriptive statistics

Variable Mean Std.Dev. Min. Max.

lfpf 54.39533 20.10276 13.0000 88.8
mcts 34.70828 36.36511 0.0000 149.0691
iui 7.596558 10.39419 0.0000 56.8
GNI 1108.917 914.9262 80.0000 4490.0000
WFR 4.097187 1.5316 1.085 7.738
PF 50.14627 1.111045 46.26004 53.78802
UP 50.14627 1.111045 46.26004 53.78802
GINI 39.97569 7.712084 24.55 60.79

Source: Authors’ own elaboration
Data description: lfpf female labor force participation rate, mcts mobile cellular telephone sub-
scriptions per 100 inhabitants, iui percentage of individuals using the Internet, GNI gross national 
income (GNI) per capita, WFR fertility rate, PF percentage of females in population, UP urban 
population as percentage of total population, GINI coefficient
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Although we observe a positive impact from the determinants analyzed on the 
female labor force participation rate, we should interpret the results obtained with 
caution. First of all, we should be aware of the potential underreporting of data and 
therefore the fact that data on women’s participation rates may not accurately reflect 
women’s work. Moreover, as reported in Table 2.2, the estimated models are fitted 
rather weakly to the empirical values. The reason for this seems to be twofold. 
Firstly, the female labor force participation rates in the given countries are rather 
stable over the period of analysis. Secondly, we observe a significant increase in 
ICT measures over this time period in the developing countries analyzed. Based on 
the above, it would be impossible to indicate a good fit for the models estimated. 
Consequently, we point out two important findings. On the one hand, we indicate 
the positive impact of ICTs technologies on women’s empowerment, but on the 
other hand, the power of the influence is rather scarce. Therefore, our results are 
very helpful in understanding the role of ICTs in women’s empowerment, as they 
show moderate relation between those variables. We argue that there is no simple 
shift between the increase in ICT technologies usage and the growth of female labor 
force participation. The problem is more complex and no simple conclusions should 
be drawn. However, bearing in mind the differences between the countries ana-
lyzed, we stand by the conclusions drawn above.

In the next stage, to ensure the robustness of our results, we conduct further 
regressions with the use of another ICT proxy: mobile cellular telephone subscrip-
tions per 100 inhabitants (mcts). Table 2.3 presents the estimates of five models, 
which include different control variables.

Table 2.2 Panel data estimation results (I)

Dependent variable: female labor force participation rate
(1) (2) (3) (4) (5)

iui 0.0043a 
(0.0015)

0.0135a 
(0.0031)

0.0108a 
(0.0034)

0.0110a 0.0113a 
(0.0034)(0.0034)

GNI −0.0295a −0.02978a 
(0.0090)

−0.0306a 
(0.0091)

−0.0320a 
(0.0092)(0.0089)

WFR −0.0693b 
(0.0308)

−0.0691b −0.0712a 
(0.0310)(0.0309)

PF −0.1421 
(0.3475)

−0.1309 
(0.3495)

GINI 0.8531a 
(0.2340)

R-squared 0.0175 0.1327 0.0209 0.0147 0.1411
Observations 879 821 821 821 812
Wald chi2 test 8.83 (0.03) 19.55 

(0.0001)
24.72 (0.000) 24.79 

(0.0001)
37.80 (0.000)

Source: Authors’ own elaboration
All panel regressions include a country random effect. Standard errors are reported in parentheses. 
In all regressions a constant is also included but not reported
a1% confidence level
b5% confidence level
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The results presented in Table 2.3 confirm the previous outcomes from Table 2.2. 
Irrespective of the ICT proxy used, the directions of impact on determinants of 
female labor force participation are the same. The only difference is the loss of sta-
tistical significance in the case of the control variable women’s fertility. Therefore, 
we argue that the use of mobile cellular telephone access and access to the Internet 
have a positive influence on the activity of women in the labor market.

2.5  Conclusion

Information and communication technologies (ICTs) have over the past few decades 
played an important role in the empowerment of groups discriminated against in society, 
in some contexts including women. It is highlighted that studies on the determinants of 
women’s economic participation are complex as the involvement of women in the labor 
market is associated with economic, sociodemographic, and cultural factors. In this 
article, we aim to investigate the determinants of female participation in the labor market 
in developing countries, with a focus on the impact of ICTs on women’s empowerment. 
Conducting a panel study analysis for 60 developing countries over the period 2000–
2014, we show that the female participation rate is in general positively correlated with 
the use of ICTs measured as the percentage of individuals using the Internet and mobile 
cellular telephone subscriptions per 100 inhabitants. Moreover, the participation of 
women in the labor market seems to be higher if there is greater income inequality in a 
given economy. Bearing in mind that our research scope embraces only developing 
countries, income inequality is often related to a low level of national income, which is 
reflected in human poverty.

Table 2.3 Panel data estimation results (II)

Dependent variable: female labor force participation rate
(1) (2) (3) (4) (5)

mcts 0.0036a 
(0.0011)

0.0132a 
(0.0022)

0.0130a 
(0.0024)

0.0130a 
(0.0024)

0.0131a 
(0.0024)

GNI −0.0426a 
(0.0084)

0.0428a 
(0.0084)

0.0417a 
(0.0085)

−0.0427a 
(0.0086)

WFR −0.0098 
(0.0318)

−0.0050 
(0.0320)

−0.0096 
(0.0322)

PF 0.4801 
(0.3716)

0.4825 
(0.3741)

GINI 0.82834a 
(0.2346)

R-squared 0.0156 0.1418 0.1494 0.2061 0.1899
Observations 878 822 822 822 813
Wald chi2 test 9.71 

(0.0018)
36.78 

(0.0000)
36.84 

(0.0000)
38.53 

(0.0000)
51.42 (0.0000)

Source: Authors’ own elaboration
All panel regressions include a country random effect. Standard errors are reported in parentheses. 
In all regressions a constant is also included but not reported
a1% confidence level
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At the same time, we indicate that examining the determinants of women’s 
engagement in the labor market is a complex task. Numerous case studies are 
described in the contemporary literature, but the significance of the impact of ICTs 
on women’s empowerment should be argued with caution. Although we find a posi-
tive influence of ICTs on the women’s labor market, it should be noted that the 
degree of explanation of the dependent variable provided by the factors used should 
be considered rather small. It is important to remember that we have observed a 
significant increase in the use of ICTs in developing countries over the period ana-
lyzed. The development of ICTs in recent years has been very rapid, while the 
female labor force participation rate in developing countries remains rather stable. 
Thus, it is difficult to explain the changes in women’s empowerment over time as 
significant differences can be observed only across countries. Moreover, we under-
line that the drivers of women’s engagement in the labor market are diverse and also 
act in different directions. In developing countries, we observe push factors, which 
force women to work. Our analysis confirms to some extent that in countries with 
higher GNI per capita, the engagement of women in the labor market is lower. This 
negative relation could be explained by women leaving the labor market when their 
work is not necessary to prevent poverty. On the other hand, if ICTs were to create 
the possibility of obtaining better-paid jobs, women’s interest in being active in the 
labor market would increase. Therefore, there is still a need for further research on 
the influence of ICTs on women’s empowerment, mostly in developing countries. 
While ICTs can certainly contribute to women’s empowerment in the labor market, 
future studies should pay more attention to the quality of women’s jobs.
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Chapter 3
Big Data Analytics for ICT Monitoring 
and Development

Ritu Chauhan, Harleen Kaur, Ewa Lechman, and Adam Marszk

Abstract The expanded growth of information and communication technology has 
opened new era of digitization which is proving to be a great challenge for research-
ers and scientists around the globe. The utmost paradigm is to handle and process 
the explosion of data with minimal cost and discover relevant hidden information in 
the least amount of time. The buzz word “BIG DATA” is a widely anticipated term 
with the potential to handle heterogeneous, complex, and unstructured data. We can 
say that big data has evolved as a monitoring tool for ICT to detect relevant patterns 
which were previous unknown. This chapter focuses on ICT and big data applica-
tion in varied application domains. The aim is to design a framework for business 
data resources which gather at unprecedented pace and derive relevant information 
with big data analytics for better decision-making. In addition, this chapter dis-
cusses a novel framework where big data analytics is utilized as potential decision- 
making step for relatively better management policies.
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3.1  Introduction

Data exploration has opened newly challenges for information society to develop 
new ways to handle data. The “Big Data” in information and communication tech-
nologies (ICTs) has evolved to provide services and hidden information which can 
benefit end users. The big data is a widely anticipated paradigm which has the capa-
bility to handle complex and heterogeneous nature of data that can be utilized in 
varied application domains. In this context, big data has been exploratory used in 
healthcare, agriculture, economic, sensor-based technology, mobile data network, 
and other ICT data to get insights of data for future decision-making [25].

The overall trend today is to detect hidden and unknown information from big 
data to explore new ventures. However, traditional technology was insufficient to 
handle and process such billion bytes of data. Big data provides a complement sys-
tem to handle complex nature of data and discover hidden facts for future knowl-
edge discovery. We can also say that big data can be leveraged with new advanced 
technology in ICTs [13]. Moreover, the key challenge faced is to synchronize data 
from various sources, which otherwise can provide inaccurate results. Hence big 
data can prove to be a game changer where it can applicably demonstrate the relative 
facts among the data gathered from various sources for decision-making. Business 
companies are investing billions of dollars to investigate the cause relationship 
among customer patterns to increase their profit margins. They need an appropriate 
technology which can benefit them in terms of minimal cost and delivering accurate 
patterns. So exploration of data is focused on big data analytics where the competi-
tive situation is to deliver real facts and knowledge from complex data resources.

The potential of new intervene technology is to preprocess the voluminous data 
and extract information with respect to pace of data gathering. Thus, insights into 
business consumer behavior are one of the leveraged determinate factors that all 
leading companies want to acquire in order to attain or retain their customers. The 
relative factor is to meet the customer needs and determine factors which are capa-
ble of retaining customers with big data analytics. So the business market is focused 
on the use of new ICT-based technology which is big data analytics to overwhelm 
the need of today’s market value.

The customer data gathered from emerging digitization technology comprises 
of heterogeneous and unstructured data congregated from online, shop, mall, and 
other sources such as a group of people with different behavioral patterns. Hence, 
big data can withdraw varied patterns to benefit companies to draw interference to 
retain their valued customers [8, 37, 40–43]. For example, customers doing online 
shopping express their views and sentiments while buying the products; if this data 
is interfaced in a proper way, one can detect behavioral pattern and cost sensitivity 
of a product. This information can help to monitor clear and broad view of market 
for decision-making. However, there exists a global shift where the customer older 
market research is linked with the new likes and dislikes of current customers to 
determine the competitive nature of products or services and create awareness 
 patterns for organizations to have a clear picture of market so that they can dis-
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semble their products with the growing need of market. This will certainly help 
them to identify their privilege customers and contribute to the need to align strate-
gies that make them distinctive and benefit their customers’ retaining policy. 
Further, we can say that ICT-based technology can gather data from various 
resources without the struggle to store the data with predetermined purpose and 
analyze this information with overwhelming strategies in tune with the needs of a 
business to fulfill customer needs.

The chapter is organized as follows. The next section presents the background 
literature review of ICT and big data potential on varied application domains. In 
Sect. 3.3, we describe the predictive analytics in ICT for discovery of patterns for 
future decision-making. Then, a novel framework is discussed utilizing big data 
analytics and decision-making for appropriate future management policies. We 
finally conclude the chapter summarizing is learning from it.

3.2  Background

Over the last decade, data has been growing at an explosive rate. As data is invari-
ably related with digital explosion and the Internet, the challenge is to invariably 
utilize algorithmic technology and deploy IT-based tools to deliver known facts 
from big data. For example, consumer behavior patterns are changing in fast, 
each time a click on the Internet is recorded for likes and dislikes. The data gener-
ated each day is tremendous in nature; further the analysis of such data plays a 
vital role for future decision-making. Hence, the big data term is a commonly 
utilized term for unstructured flow of data where the focus is to detect hidden 
patterns with minimal amount of time. The approach of big data is to provide 
services in the form of analysis, where new process models can be revealed with 
potential knowledge network.

The big data in ICT can be illustrated with the ever expanding use of the 
Internet, mobile phones, electronic health care, geographic information 
data, scanner data, and other data resources that are applicable to varied 
application domains [1, 27, 28, 30]. In earlier times, in the traditional-
based system, the data was getting collected from specific resources which 
tended to be manual in nature. However, the advent of the Internet has 
proved to be a game changer and has opened gates for electronic data sys-
tem. The growth in ICT has potentially driven the society to digital explo-
sion. For example, traditionally when a customer used to buy products from 
shopping areas on daily basis, there was never a check on the amount of 
items bought by a specific customer nor were the items ever categorized on 
quality and productivity. Further, today’s customer behavior is integrated 
with the Internet buying and selling over the Internet. The data collected is 
then decodified to understand customer needs across the globe. The infor-
mation is not just about the customer buying trends but business can also 
categorize the customer in accordance to their sales in correspondence to 
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their sociodemographic factors. Hence, organizations are earning millions 
of dollars while retrieving hidden facts and knowledge from complex and 
heterogeneous nature of data.

We can say that there is a revolution in ICT with big data where small or big 
organizations’ day-to-day functionality is driven by computers [2–8]. The database 
gathered each day from varied resources, if analyzed or predicted, can deliver true 
instances for future decision-making. Moreover, business organizations are in era of 
online operation where everyday several customer and financial data is shared 
through the Internet. For example, big organizations are compiling their inventory 
system, financial expenditures, tax fillings, employee personal evaluation, and regu-
latory activities with online-based portals to analyze the cross-sectional profits and 
reduce cost to acquire maximum benefit for end users.

Further, we can say that data is being gathered for years, but why there exists 
more concern for knowledge now? The answer is digitization or ICT where the 
scope has increased from higher to lower. Obliviously, the Internet has expanded 
the vision of society, the customer behavior and trends have changed, and mostly all 
the developed and developing nations have acquired online buying and selling por-
tals, which itself is a global shift to new IT-based interventions. This has led to 
insights for analytics where the scope is to discover hidden effective and efficient 
patterns for knowledge discovery.

A major change witnessed is that data has expanded with an exponential rate 
where the challenge among the researchers and practitioners is to optimize tools 
which can handle and process such large databases. However, the evolution of ICT 
has redefined the global scenario; earlier data was gathered in few bytes which 
could easily be processed or handled by traditional or statistical tools. But, the evo-
lution of Internet or digitization has seen an exponential increase in data from a few 
bytes to millions of bytes every day. In such cases, we require optimized technology 
to process, store, and analyze data for effective and efficient knowledge discovery 
for future decision-making.

For instance, nowadays, the complex and heterogeneous data is available which 
is recorded from various resources. We can say that data in hospital-based system 
consists of patient healthcare records, scanned images, and sensor-based data, 
which comprises of electric cardio gram (ECG), financial data, and location-based 
data. These databases are distinctive in nature and require huge number of correla-
tions to determine hidden facts and knowledge from the same. For example, if we 
have the entire database available for each time a patient visits the hospital, it can 
benefit healthcare practitioners to determine the patient behavior and predict which 
vaccination can benefit more. Besides, the data can also provide information on 
what drugs the patient is allergic to and other such facts that can help doctors pre-
scribe medications accordingly. So we require optimized tools which can make cor-
rect prediction when dealing with real world data.

Eventually, the socio-behavior is an amazing scale of modernized datasets gen-
erated through online consumer buying patterns. Data collectively recorded com-
prises of varied observations which show most purchased and disliked social 
network connections, complete shopping history, and other background data. If 
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this data is analyzed, it can provide a wealth of information on customer behavior 
and benefit the organization to retain their valued customers by bestowing them 
with great deals and offers in accordance with their likes and dislikes.

Although, big data is a term for any data that is more than a few bytes and is dif-
ficult to be handled due to its complex and unstructured features. Certainly, big data 
poses a significant challenge among the researchers to conceive and reform an 
approach which can grip varied application domains [14, 15]. The confrontation is 
analysis, which is the major concern while retrieving some specific patterns from 
large-amount databases [9–15]. Data analytics is gaining momentum with associ-
ated challenges to discover novel facts from large-scale databases.

We can certainly demonstrate that big data is the latest buzz in the market. As we 
know, data is generated by all companies, but significantly there occurs a global 
shift for data digitization [24, 27, 29, 32]. Big data offers a constructive way to 
handle information with lower cost and effectiveness and analyze it for future effec-
tive knowledge discovery. Big data reflects concern about volume, variety, and 
velocity, which are gathered through new ICT interventions. The big data is signifi-
cantly divided into four categories which are also known as 4Vs:

Volume There is tremendous increase in digitization at all spectrums from varied 
resources. The data comprises of administrative data, financial data, healthcare data, 
transaction-based data, socio-networking, organizational data, and other activities 
involved by end users utilizing ICT-based tools. The traditional tools utilized for 
computational analysis for volume of data are not viable. Most companies try to 
store their data for convenient report generation.

Velocity The speed at which data is being generated is explosive. For instance, traf-
fic management data, mobile communication, imaging and sensor-based data, GIS, 
and streaming-based data tend to be major sources which are being generated at an 
explosive speed. However, big data and developed ICT tools have brought real-time 
handling, but certainly there is great expansion of data that requires concerns for 
gaining knowledge for future discovery. The challenge is to handle big data with 
vast volume to achieve insight of data with advanced predictive analytics techniques 
to discover novel hidden patterns. Big data provides a recommended technological 
domain where the emphasis relies on handling volumes of data.

Variety The growth in ICT and digitization has given rise to a number of sources 
for gathering data. We can say that data resources may be structured and unstruc-
tured due to availability of data in different formats which may include audio, video, 
text, sensor, imaging, and streaming. To gather information from varied sources to 
compile to big data, there is considerable requirement of valid assessable tools 
which can benefit decision-makers for policy making. Hence, big data meets the 
challenges to handle the data with the unknown resources and predicts the relevant 
information as and when required.

Veracity As the volume of data is increased with varied data streams, the need is to 
extract authenticity of data with certain and uncertain sources. The analysis of data 
must be done keeping in view the sources and the authentication from various resources. 
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The traditional tools available tend to be unsuited to handle uncertainty among the 
resources; hence big data analytics produces a viable technology to make decision-
making utilizing the heterogeneous nature of data. These technological advances will 
certainly benefit different application domains to generalize data and discover informa-
tion which is hidden due to unconventional tools and complex nature of data.

Value Another V is value that is generated with respect to socioeconomic devel-
opment that occurs due to big data. There are several transaction-based data that 
are generated during the course of a transaction process which can reveal certain 
facts for decision-making. For example, if consumer wants to take a loan, during 
the course of entire verification, the phone calls made, transaction process, and 
other information can lead to discover information which can benefit decision-
makers to relatively identify various facts and knowledge related to the overall 
process. The subset of data generated during the course of action with socio-behav-
ioral facts which are generated is variably true and can really benefit decision-
makers. This improved technology and services can assist to extract value from 
vast explosion of data to determine actual knowledge. In addition, big data has 
proven unprecedented development in varied application domains to discover 
knowledge and hidden facts from varied data streams with high volume, variety, 
and varsity of data. The knowledge driven out from big data analytics is not infor-
matics but cost-effective; both rural and urban development organizations are uti-
lizing the exceptional powers of big data to improve their services and forefronted 
use of the same for extraction of information and operational domains to increase 
time utilization. We can also say that big data is widely opted due to various ser-
vices provided which includes monitoring and its role for timely delivering the 
hidden facts which can enhance the future policy making for socio well-being.

3.3  Predictive Analytics for ICT

The growth of ICT offers enormous benefits to developed as well as developing 
nations for future decision-making. The data captured through ICT is growing at an 
unprecedented speed to confront researchers and scientists to develop automation 
tools to discover knowledge from big data. Big data itself intensifies data captured 
through ICT-based technology. The major source of big data is through ICT which 
includes Internet, telecommunication, social economic web portals, mobile data, 
and others. The ICT development has exponentially embarked the growth globally, 
producing heterogeneous and complex nature of data [21, 24, 26, 31]. In addition, 
providing policy makers to discovery has new instantiated tools for predictive ana-
lytics. Collectively, ICT-based predictive analytics can prove exemplary benefits to 
gain insights of data for future decision-making.

Big data and ICT go together where data is generated by ICT tools and handled 
by big data optimization tools to discover hidden knowledge and information. The 
most remarkable use of predictive analytics is in business processes to determine 
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the outcomes for current models. The technology advances such as predictive ana-
lytics with ICT are proving to benefit with less cost and higher efficiency. For exam-
ple, online web portals Amazon, Snapdeal, Flipkart, Google, Twitter, and others are 
availing consumer information, both before prior purchases and after purchases [11, 
36]. This information proves to be vital to discover the usage patterns with socio- 
behavioral analysis to predict models for relevant customer to upgrade them to sub-
stantial offers. In addition, online web portal data, if analyzed properly, can facilitate 
to discover risk factors and fraud customers which prove to be set back for compa-
nies’ growth. This information can widely be anticipated at a global platform to 
enhance overall net profit for development purposes.

The application of predictive analytics approach can be utilized in healthcare 
application domain where the data is generated, while patient is admitted during the 
stay in hospital for a specific cause. Further, the online web databases can be main-
tained globally to deliver predictive models and improve healthcare cost [19–23]. 
Specifically, risk scores can be identified, for example, which patient is at risk of 
disease due to specific drug or chances of survival for definite disease. This will 
certainly benefit healthcare practitioners with a whole set of information relating to 
insurance policy, pharmacy genetics, financial services, and fraud detection for 
future median diagnosis. An algorithmic-based Palo Alto company is among the 
million dollar companies whose major role is to develop algorithms to determine 
terrorist’s threats using communication devices and other related data.

Further, big data analytics also has provision to detect the socio-behavior of 
patient to discover fraud patients in respect to financial constraints. Similar 
approach can also be utilized to discover user behavior for credit card handling. 
The customer financial accounting data may be investigated by banks based on 
scoring and transactions to enquire about the rational status of user or to deter-
mine whether the user pertains to an effective account or not. These policies, 
when implemented with backbone of predictive data analytics, provide fruitful 
decision-making for business organizations.

There exist considerable amount of work on predictive analytics using statisti-
cal and machine learning platform to discover trends from big data [38]. The 
widely used techniques for analytics include classification where the emphasis of 
study relies on discovering patterns in respect to specific class; clustering is 
mostly utilized when the class is not specific and generates visualized patterns in 
respect to similarity measurements, for example, if we want to find the similarity 
between the consumer behavior in respect to socioeconomic features which 
include age, gender, and location specific, then we can utilize several clustering 
techniques such as K means, Grid-based, hierarchical, and density-based, as per 
outcomes required [18, 35, 37, 40]. In addition, association rules are used in 
empirical studies to relate the consumer buying patterns, in context, for example, 
if the consumer is buying a shirt what all are the associated other purchases or 
likes made by him or her. This will help to detect the consumer buying patterns to 
determine valid offers to retain him or her as the valued customer. In a similar 
way, outlier detection is widely optimized to discover consumer patterns for credit 
card fraud detection techniques, where the consumer’s financial details are dealt 
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with an onset implemented policy to detect which customer may have high risk 
factor of defaulting. So, it can benefit a bank organization to investigate the cus-
tomer and approve or reject credit card accordingly.

3.4  Decision-Making Through ICT and Big Data Analytics

Decision-making is of utmost priority in a management plan to gather maximum 
profits for stakeholders and organizations. The management plan should be able to 
encounter all the varied possibilities to enlarge the current scenario with maximum 
profits to target. The decision predictive analytics should be marked in the manage-
ment plan to discover trends to get insights of data. As there exist subsisting amount 
of challenges to understand and deliver services to consumer, there is a constant 
need to utilize new innovated ICT-based technology, which is able to detect hidden 
patterns from big data.

A novel decision-making framework is discussed in Fig. 3.1 where ICT-based tech-
nological advances can be occupied to discover hidden patterns from big data. The 
bottom of framework discusses about business data resources which can be gathered at 
an unprecedented pace, and the nature of data can be heterogeneously collected through 
logistics, online portal, transactional databases, supply chain management, insurance-
based data, consumer data, management data, RFID data, spatial data (location based), 
and other resources which are high dimensional and unstructured [3, 12, 16, 40]. As we 
know, the data is in vast volumes; hence, the next question is to extract relevant infor-
mation from such big data [17]. So application domain relies on what information 
needs to be extracted as per management plan or identifies the factors which need to be 
closely related or conferred to gather maximum profit to organization.

Furthermore, the management plan should be attained with previous decisions in 
correspondence to new decision-making to deliver exact knowledge for future ben-
efits of an organization. The management plan is to rebuild its policies with per-
tained data analytics for financial risk. After extensive knowledge, the management 
can decide which all patterns can be extracted during analytics to discover hidden 
trends which can ensure maximum cost efficiency and provide services to end users. 
The big data analytics utilize high-end advance technology to deliver nodal factors 
which can potentially deliver benefits to decision-making bodies [33–35]. After the 
factors are analyzed, the decision-making body relates various results with ongoing 
policies and makes changes to management policy with new patterns detected to 
benefit the stakeholders and consumers for retaining them as valued customers.

The building block of any organization is its management and decision-making 
team. The decisions should not be hassled with traditional technology as this can 
generalize data and infer wrong patterns which can highly impact the organizational 
growth. The new intervened ICT-based technology with big data analytics has 
opened wide scope and benefited organizations to reap rich dividends. The  attainment 
of predictive analytics from the last decade has opened new ventures for an organi-
zation which certainly has revealed to attain them better policy making.
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In addition, big data analytics with business ventures has helped organizations to 
deliver maximum cost-effective and consumer-retaining policies which are poten-
tially proven to optimize the current scenario. The transition has occurred where 
decision-making in current management policies has extensively utilized big data to 
determine factors for extensive growth.

3.5  Conclusion

The current big data has potentially proven beneficial to complement the needs of 
organizations with prior information to provide insights of data for a channelized 
decision-making. In particular, the ICT technology is providing challenges to 
researchers and practitioners to develop new synthesized tools to handle bulk data 
generated in structured and unstructured formats. In addition, this chapter discusses 
a novel framework where big data analytics is utilized as potential decision-making 
step for relatively better management policies.

The main application of ICT is to produce insights of information and to develop 
utmost technology for analytics to discover hidden information from big data. In 
particular, ICT has increased the growth of digitization globally, which itself is pro-
ducing millions of bytes each day. Paramount technological capabilities are required 
to enhance the digitization and algorithmic powers to attain necessary tools which 
can handle and process big amount of data. Big data analytics itself is a composite 
term which has grown in the last few years. More and more organizations are now 
being forced to adopt big data analytics to remain competitive in the market. Big 
data researchers are impounding enough efforts to mainstream technology in devel-
oping nations so it can benefit all end users with maximum benefits.

Many organizations are working to develop models from data resources with 
analytics approach for developmental purposes. These organizations are taking 
advantage of the analytical approach to detect customer patterns for greater under-
standing of consumer knowledge and incorporating in their product cycle for greater 
benefits. Big data analytics plays an important role for monitoring of ICT, where it 
proliferates a constant need to discover hidden facts and knowledge from big data. 
Certainly, integrating data from various sources is a need of today’s time to explore 
knowledge for future technological interventions.

We can say that environmental organizations, when they share data with hospital- 
based systems, will be able to generate various causes or alarms which are proving 
to be cause or prognosis of disease. There exists a constant scope to explore variable 
factors and technological tools to handle and process big data. Further, we can say 
as big data moves toward more advance technology, it will assist users and scientists 
around the globe for knowledge extraction.
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Chapter 4
The Role of ICT Adoption in Curbing 
Corruption in Developing Countries

Mohamed Sami Ben Ali and Seifallah Sassi

Abstract Corruption is regarded as a major problem impeding development poten-
tialities, and curbing it is a leading challenge for developing countries. This chapter 
assesses the possibilities of ICT adoption as a powerful tool for fighting corruption 
in developing countries that should be recognized by policymakers. We first con-
sider the effects that corruption can have on economic development. Then, we 
explore the impact of ICT on corruption and particularly how Internet and mobile 
technologies can be effective in combating corruption. We also highlight the main 
obstacles and challenges that these countries may face in implementing ICT-based 
anti-corruption strategies. We address some policy recommendations pertaining to 
the adoption of ICT strategies in fighting corruption in developing countries.

Keywords Corruption • Bribery • ICT adoption • Developing countries

4.1  Introduction

Many countries display much less growth than they should do. Numerous impedi-
ments sand countries’ development wheel. In the last three decades, academicians and 
policymakers have pointed to corruption as the most important of these impediments. 
For example, [35] considers corruption to be the single greatest restraint on develop-
ment. Also, [23] describes corruption as being “one of the most dangerous social ills 
of any society. This is because corruption, like a deadly virus, attacks the vital struc-
tures that make for society’s progressive functioning, thus putting its very existence 
into serious peril.” Given the importance of this phenomenon, national governments 
implement anti-corruption initiatives by enforcing their laws and strengthening the 
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penalties for corrupt acts. Similarly, many international organizations have declared 
corruption to be an urgent priority on their agenda. Recently, the nonprofit organiza-
tion Global Financial Integrity reported that corruption deprives the developing econ-
omies of some 1000 billion dollars every year; in comparison official development 
assistance reached $134 billion in 2013 [40]. The importance of fighting corruption is 
therefore a foreground issue in alleviating poverty and ensuring economic develop-
ment in these countries. Corruption affects countries at different levels and with dif-
ferent intensity, and the problem seems to be more pronounced in developing 
countries. Various cultural and institutional factors, mainly persuasive and endemic 
corruption in some of these countries, are key determinants of these differences.

Corruption can be caused by different sets of economic and noneconomic deter-
minants. Economic factors impacting corruption that have been developed in the 
literature include variables such as income, which is considered to be the most 
important determinant of corruption. The most common and obvious fact here is 
that in rich countries, more resources can be allocated to combating corruption, and 
therefore a country’s corruption level depends in part on its income level. Meanwhile, 
it has also been documented that high income levels increase corruption [26]. More, 
corruption’s economic determinants include openness to international trade. The 
literature reports that international trade openness tends to allow more international 
competition and that this reduces the monopoly power of domestic producers, thus 
reducing the scope these producers have to influence corrupt officials [1]. Inflation 
has also been considered in numerous studies to be a main economic determinant of 
corruption. Obviously, higher inflation induces a deterioration of the purchasing 
power of salaries, pushing officials to ask for bribes [16, 21, 22]. Numerous other 
factors are also considered in the literature. For example, the extent to which the 
administration is centralized influences the country’s level of corruption, in the 
sense that more centralization and monopoly control in the hands of public officials 
are correlated with greater centralized discretionary powers and therefore higher 
corruption levels. Moreover, when wages are relatively low, it is likely that officials 
will tend to increase their demands for bribes. Also, countries with a large public 
sector tend to have higher corruption levels.

Apart from the economic aspect, corruption is also a noneconomic matter and is 
determined partly by noneconomic factors. Cultural, social, and institutional dimen-
sions are considered [1, 50, 53]. Recently, academicians and scholars have reported the 
impact of ICT in curbing corruption. While commitment to fighting corruption has been 
one of the most urgent problems on most governmental agendas, individual involve-
ment is crucial in this process. On the individual side, access to ICT through personal 
computer and mobile phones has led to a participatory journalism wave that has helped 
combat corruption [34]. In this regard, Internet adoption helps remove information 
asymmetry and to track the outcome of their applications. Internet adoption is also a 
way to automatize administrative procedures and therefore reduces bureaucracy.

On the governmental side, many initiatives have been considered worldwide to 
adopt e-government frameworks to combat corruption. E-government improves 
interaction with businesses and eases access to information [39]. This can help to 
improve transparency and accountability, decrease or remove information asymme-
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tries, and therefore improve the effectiveness of the public administration. Using 
ICT is therefore a way to automate administrative processes and develop service 
delivery points that remove any possibility of human intervention, which helps 
reduce the possibility of corrupt behavior. As it was clearly stated by Bhatnagar [15] 
for the banking activity, e-banking removes any agent who can be bribed. Meanwhile, 
the adoption of e-government makes information and data public, which can improve 
the behavior of both citizens and officials. Several studies have reported the positive 
effect of e-government and Internet adoption on curbing corruption [13, 21, 54].

We identify and assess in this chapter the role of ICT in curbing corruption in 
developing countries. Section 4.2 provides an overview of the harmful effect of cor-
ruption on economic development. Section 4.3 sheds light on the importance of 
fighting corruption and the role that ICT strategies can play in this regard. Section 4.4 
presents the main obstacles that hamper the ICT corruption strategies in these coun-
tries. Section 4.5 concludes and addresses some policy recommendations pertaining 
to the adoption of ICT strategies in fighting corruption in developing countries.

4.2  Corruption and Economic Development

A large stratum of literature asserts the negative impact of corruption on economic 
performance. Corruption prevalence is considered to be a major hinderer of eco-
nomic development potentialities in poor developing economies, which explains the 
poor economic performance of some of these countries that experience economic 
inefficiency and an insecure economic environment [52]. Obviously, corruption 
needs to be reduced to help realize the Millennium Development Goals [4].

Numerous studies in the literature have considered the negative effect of corrup-
tion on economic development. The most common conclusion is the existence of a 
negative impact of corruption on economic development. In particular, the negative 
effect of corruption on income has been well established [3, 31, 38] and demon-
strated to lower economic activity by as much as 50% at the community level in 
some developing countries [10], causing at the same time a decrease in a country’s 
standard of living [44]. It should be noted that the cost of corruption for countries is 
different depending on their level of development and on surges in their national 
incomes. Indeed, at the early stages of development, income is rather limited and so 
is the level of corruption. As income level rises, corruption increases. However, as a 
country reaches a certain level of development, high income levels increase corrup-
tion’s costs in such a way that corruption is considerably dissuaded [46].

Also, corrupt behavior leads to a diversion of resources to unproductive sectors 
of the economy such as defense, which give officials more scope for corrupt activi-
ties [26]. Rent-seeking activities also reduce tax revenues for the government due to 
tax evasion and to the emergence of the underground economy [36]. Tax evasion 
causes a decrease in public investment capacity [33] and in public sector productiv-
ity [49]. International investment is also affected by corruption. Prevalence of cor-
ruption induces less FDI flows [27]. Furthermore, corruption increases inflation 
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[12], reduces investment [27] and diverts it away from productive activity [52], 
deepens income inequality and poverty [26], weakens national institutions [52] and 
public sector quality [36], and diverts energy from productive economic activities 
[48]. The overall effect is an adverse one on economic growth potentialities [51].

Countries with pervasive corruption have less efficient public governance, lower 
competitiveness, and poorer human development [2]. From a human development 
perspective, the adverse effect of corruption is widely recognized. Corruption reduces 
availability of goods and increases the cost of basic living as the core social services 
will be restricted in order to make corrupt gains more available. Second, corruption 
transfers government expenditure from priority social services to domains which 
offer more rewards for rent-seeking behavior and where the risk of exposure of cor-
rupt behavior is lower. In fact, corrupt politicians and bureaucrats prefer to allocate 
governmental funds to large projects or defense contracts, which offer more opportu-
nities for rent-seeking activities, than to build the rural health clinics that are claimed 
to be a priority [8]. As a result, corruption weakens education and health systems [52].

According to Ben Ali and Saha [11], “Pervasive corruption and lack of account-
ability and transparency have been, at different levels, common features of all 
developing countries.” We develop in this chapter this strand of thoughts and show 
how these countries can improve their development potentialities. We particularly 
consider the role of ICT in curbing countries.

4.3  Adopting ICT as a Control of Corruption Strategy

The literature shows that ICT adoption can be an efficient way to remove barriers 
that hinder economic development in many countries [41]. Many empirical studies 
illustrate that ICT have a major role in public management reform [6] since it 
improve the quality of public service delivery while reducing time and cost [17]. For 
example, they help people to find jobs and public services in general to function 
more efficiently [18], helping in the same way in establishing a public engagement 
and achieving community development [28]. From purely economic point of view, 
it has been established that ICT adoption improves public productivity [59], effi-
ciency [55], and good governance [9]. In this regard, it has been reported that many 
governments have reduced their level of corruption in the public sector by improv-
ing the effectiveness of their internal work and the relationships with their citizens 
[14]. Improvement of these relationships can be achieved through the use of ICT in 
enhancing reform initiatives to reduce corrupt acts and behaviors [47]. By doing so, 
governments commit themselves to allowing citizens to track and monitor both the 
progress of their applications and the behavior of officials. The authors stress that 
the effectiveness of ICT in curbing corruption requires a particular set of social 
attitudes. For example, increasing citizens’ participation can significantly reduce 
bureaucracy and promote efficiency and transparency [13]. Moreover, citizens’ par-
ticipation and mobilization are a key element for creating pressure on governments 
and national institutions to improve their accountability and responsiveness to 
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citizens’ aspirations. Numerous studies support the finding that ICT are effective 
anti- corruption tools in developing economies and provide evidence of their ability 
to enforce the rules and improve transparency [5, 47]. Many other studies report a 
clear negative relationship between ICT diffusion and corruption [54]. According to 
Vinod [54], the potentiality of the Internet in curbing corruption is “promising and 
obviously vast.” The figures in Appendix A depict that high ICT adoption tends to 
dissuade corruption in developing countries, since a higher value of CPI is associ-
ated with less corruption. This impact remains robust across subsamples of different 
development levels suggesting that anti-corruption strategies in developing coun-
tries should be oriented toward ICT tools.

Specifically, e-government applications have been clearly shown to lead to improve-
ments in transparency, access to information, and accountability, thus enhancing the 
quality of services delivered to citizens [15, 58, 59]. Its relevance in curbing corruption 
lies in its ability to enable people to participate and exercise their political and civil rights.

Using an interactive and regularly updated governmental website to communicate 
with citizens will keep people informed and involved in the government’s anti- 
corruption efforts. According to Andersen [4], “implementing e-government signifi-
cantly reduces corruption, even after controlling for any propensity for corrupt 
governments to be more or less aggressive in adopting e-government initiatives.” 
Shim and Eom [47] argue that e-government can explain differences in corruption 
levels between countries better than bureaucratic quality and law enforcement. Relly 
and Sabharwal [43] show that e-government adoption could help reducing the poten-
tial for corrupt acts and empowering citizens by giving them the possibility to moni-
tor and assess government employees and to take corrective actions when needed.

The open government and open data policies that have been adopted in many coun-
tries are examples of anti-corruption initiatives which enable and empower people’s role 
in curbing corruption. This viewpoint has been the capstone in the policies of many poli-
cymakers and international organizations committed to sustainable development who 
have embraced the importance of e-government for the fight against corruption [52].

According to Grönlund [25], ICT can be an effective tool in curbing corruption 
mainly when it is used to automate administrative actions, to identify anomalies and 
underperformance, to raise awareness by informing the public about their rights and 
thus prevent arbitrary treatment, to ensure detection of corruption when it is used to 
monitor networks and individuals, to report and punish violations, to record informa-
tion about documented cases of corruption, and to promote ethical attitudes. ICT can 
therefore help to reduce the abuse of power by public officials and monitor their actions 
and any arbitrary behavior at a low cost. ICT can also be used to report abuses and 
place administrative complaints through mobile applications, hotlines, and websites.

Internet and mobile technologies are effective tools in reducing the cost of col-
lecting, distributing, and accessing government information [45]. According to 
Wellman et al. [56], “the low cost of internet services compared to off-line measures 
encourages people to use email and blogs to contact their relatives and friends.” 
Moreover, by connecting isolated and disadvantaged people, ICT build bridges and 
create better opportunities for these groups [37]. In the end, Internet use improves 
information access and eases information dissemination, which improves the level 
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of awareness and makes the detection of corruption easier [24]. The Internet offers 
new opportunities in curbing corruption as it can create instant social interaction 
and the development of citizens’ participation, especially when traditional media 
are inefficient, controlled by the state or by lobbies, or when there is not enough 
media coverage. Media freedom is considered to be a useful tool [19] and can assist 
the public and helping them to avoid or denounce corrupt behavior. Through their 
participatory role, social media help to share information with the community effi-
ciently, and through their empowering role, they give people a platform to express 
their thoughts and to broadcast information otherwise unavailable in traditional 
media. Therefore, they have a democratizing tendency. Social media also allow the 
sharing of information instantly and in real time and thus save time. Many efforts 
have been devoted, mainly by nongovernmental organizations, to using social media 
for fighting corruption. WikiLeaks is the best known example of this.

Mobile technology adoption is also an effective tool in combating corruption by 
allowing citizens to report corrupt acts and officials. Their effectiveness emerges 
when scenes of corruption and conversations with official asking for bribes are 
recorded and documented. As argued by Bailard [7], “the net effect of the rapid and 
massive diffusion of mobile phones in Africa will be the reduction of corruption by 
decentralizing information and communication, thereby shrinking the veil of secrecy 
that shields corrupt behavior.” Mobile technology has been used for improving 
governance and accountability in many developing countries. For example, an 
Indian initiative was launched in 2008 by the Central Bureau of Investigation to 
denounce corrupt acts by encouraging citizens to report them using the short mes-
sages services (SMS). The idea of this initiative was to establish a list of public 
employees who needed to be monitored [42]. A similar idea in Pakistan was to 
require all civil servants dealing with land transfers to include in their submitted 
transactions the money sum involved and the phone numbers of both the buyer and 
the seller to undertake all necessary checks. In East Africa, a pioneering initiative 
has also been launched to use mobile phones for transparency, accountability, and 
service delivery. For example, Rwanda Government has been using SMS to broad-
cast urgent and important news, to remind voters of important dates and to ask 
people to cool down during civil unrest. The access to timely information gives 
more power to citizens to detect, monitor, and report corrupt behavior and to sup-
port governmental efforts in curbing corruption. ICT has also been actively 
employed by citizens to organize actions, communicate, and raise citizens’ aware-
ness during the Arab Spring revolutions.

4.4  Obstacles to Anti-corruption Policies Based on ICT 
Adoption

It is largely established now that ICT can serve as anti-corruption tools and that their 
diffusion can assure a sustained culture of transparency. However, many obstacles 
can hinder their effectiveness. A main obstacle which may restrict the positive 
impact of ICT is the relative lack of access to these technologies in developing 

M.S.B. Ali and S. Sassi



43

countries. Despite their worldwide expansion, many countries still have no or lim-
ited access to information technologies. There may be little availability of comput-
ers, poor ICT literacy at government level, lack of Internet access for some population 
segments, distrusted ICT providers, and unsuitable technological infrastructure.

Filtration of Internet content by government could be considered as a real obsta-
cle to anti-corruption strategies since the amount of accessible information can sig-
nificantly change. Some countries filter and block websites for security but also 
political and social reasons, for instance, blocking information linked to human 
rights and free expression, or on health or religious grounds [60]. For example, the 
creation of firewalls and filters and blocking of web domains can provide govern-
ments with users’-generated content and browsing histories, indicating their social 
and political beliefs and thus infringing users’ personal confidentiality. This of 
course could reduce potential criminal behavior by controlling Internet surfing but 
can induce a greater control and central monitoring of the Internet, especially when 
Internet providers are unable or unwilling to take the required actions to protect the 
rights of their customers. Many countries, mainly in East Asia, North Africa, the 
Middle East, and central Africa, have filtered or still limit the Internet access [60]. 
More than that, some countries, such as Malaysia and Saudi Arabia, established an 
official systematic Internet filtering as long ago as 1999. For example, Saudi Arabia 
started with the implementation of an Internet screening and monitoring strategy. A 
similar monitoring and screening strategy has been implemented in China where 
citizens were arrested for writings posted on blogs and about 200 of the 2,400 
Internet cafes in the country were closed [20].

As regards mobile telephone technology, there is a serious challenge to using it 
as an anti-corruption tool. There is a risk of SMS interception when the system is 
not well designed. For example, in China the government has been monitoring and 
censoring SMS through SMS surveillance centers. The identification of mobile 
users when governments push telephone services providers to register SIM cards 
can place the user under surveillance, which could undermine the efficiency of the 
denunciation of corrupt acts. It is worth noting also that in many developing coun-
tries, access to smartphones and mobile applications is rather limited. Mobile 
broadband technology needs to be developed and improved in terms of capacity, 
technology, and features in these countries.

Furthermore, the potential of ICT as an effective tool to help in curbing corruption 
depends on several infrastructural, social and economic factors, and on political willing-
ness to promote deep anti-corruption strategies. Easy access, low costs, and confidentiality 
are all essential for effective ICT-driven strategies [30]. Another obstacle that could restrict 
the effectiveness of ICT in curbing inflation is purely juridical. Although legislation allows 
the use of digital evidence in corruption cases, judges are sometimes reluctant to accept it. 
Obviously, corrupt acts will continue to occur with impunity in these conditions.

Delivering government services via ICT is cost-efficient for the government and 
more transparent for citizens. However, sometimes people prefer to access public 
services directly through governments’ representatives in person rather than via 
Internet and mobile technology. Success with ICT anti-corruption strategies requires 
that citizens fully join the government’s effort. It has been shown that the effective-
ness of ICT in curbing corruption has widely divergent results for different nations 

4 The Role of ICT Adoption in Curbing Corruption in Developing Countries



44

and cultures. Using five case studies, Heeks [29] shows how ICT diffusion helps to 
control corruption but also that sometimes it has no effect or can even create new 
forms of corrupt behavior if some aspects are not regulated, such as organizational 
and environmental factors. It can privilege government officials who master the 
operation of ICT [57]. To ensure the effectiveness of anti-corruption strategies is the 
full involvement of officials [32].

4.5  Conclusions and Policy Recommendations

Corruption has emerged as a serious hindrance to economic development. A num-
ber of factors have pushed many countries to consider fighting corruption as a main 
priority on their agendas. Indeed, recent literature has documented that corruption 
is associated with fewer development opportunities and has a clear negative impact 
on income; inflation; public, private, and foreign investment; government revenues; 
and productivity among others.

Corruption is a complex phenomenon pointing to major failures of institutions. 
However, legal actions alone cannot be effective in addressing it in developing 
countries. At the same time, academicians and policymakers have pointed to the 
role ICT can play in curbing corruption. Mobile phones and the Internet have clearly 
shown their anti-corruption power in many developing countries. They can be used 
effectively in decreasing officials’ discretion and in promoting transparency and 
give rise to a participatory journalism. Specifically, e-government applications 
through open government and open data initiatives have clearly been shown to lead 
to general improvements in responsibility and transparency.

The relevance of e-government in curbing corruption lies in its ability to keep 
people participating and exercising their political and civil rights, improve quality 
delivering, and the governmental governance. Governments in developing countries 
have to take the required actions in order to support e-government applications and 
increase citizens’ participation by training citizens and officials how to use these 
applications efficiently. Governments should undertake the necessary advertising 
campaigns on television and social media to educate the public how to use ICT for 
anti-corruption purposes.

ICT diffusion strategies should also be supported by a legal framework, admin-
istrative and institutional reforms, and a political will to combat corruption. 
Government bodies and institutions involved in combating corruption must bear in 
mind that the information and communication technologies for reducing rent- 
seeking activities can give the possibility in abusing these technologies for corrupt 
ends. Therefore, governments involved in ICT anti-corruption strategies should 
assess the risk in using these strategies in public administrations, in order to prevent 
any abuse of ICT.  In this regard, governmental bodies and institutions should be 
created to collect statistics, date and report any abuses, and respond accordingly.
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 Appendix A: Corruption and ICT Adoption  
(Figs. 4.1, 4.2, and 4.3)

Fig. 4.1 Corruption and ICT adoption in developed economies (2014)

Fig. 4.2 Corruption and ICT adoption in developing economies (2014)

Fig. 4.3 Corruption and ICT adoption in least developed economies (2014) (Source: Authors’ 
calculations. Data was obtained from World Development Indicators and Transparency International)

4 The Role of ICT Adoption in Curbing Corruption in Developing Countries



46

 A
pp

en
di

x 
B

: 
C

ou
nt

ri
es

 L
is

t
D

ev
el

op
ed

 e
co

no
m

ie
s

D
ev

el
op

in
g 

ec
on

om
ie

s
L

ea
st

 d
ev

el
op

ed
 e

co
no

m
ie

s

A
us

tr
al

ia
L

ux
em

bo
ur

g
A

lb
an

ia
C

ol
om

bi
a

In
do

ne
si

a
M

on
go

lia
Sr

i L
an

ka
A

fg
ha

ni
st

an
M

ad
ag

as
ca

r
A

us
tr

ia
M

al
ta

A
lg

er
ia

C
on

go
, 

R
ep

ub
lic

Ir
an

M
on

te
ne

gr
o

St
. K

itt
s 

an
d 

N
ev

is
B

an
gl

ad
es

h
M

al
aw

i

B
el

gi
um

N
et

he
rl

an
ds

A
nt

ig
ua

 
B

ar
bu

da
C

os
ta

 R
ic

a
Ir

aq
M

or
oc

co
St

. L
uc

ia
B

en
in

M
al

i

B
ul

ga
ri

a
N

ew
 Z

ea
la

nd
A

rm
en

ia
C

ot
e 

d’
Iv

oi
re

Is
ra

el
N

am
ib

ia
St

. V
in

ce
nt

 a
nd

 
th

e 
G

re
na

di
ne

s
B

hu
ta

n
M

au
ri

ta
ni

a

C
an

ad
a

N
or

w
ay

A
ru

ba
C

ro
at

ia
Ja

m
ai

ca
N

ic
ar

ag
ua

Su
ri

na
m

e
B

ur
ki

na
 F

as
o

M
oz

am
bi

qu
e

C
yp

ru
s

Po
la

nd
A

ze
rb

ai
ja

n
D

om
in

ic
a

Jo
rd

an
N

ig
er

ia
Sw

az
ila

nd
B

ur
un

di
N

ep
al

C
ze

ch
 R

ep
.

Po
rt

ug
al

B
ah

am
as

D
om

in
ic

an
 

R
ep

K
az

ak
hs

ta
n

O
m

an
Sy

ri
an

 R
ep

ub
lic

C
en

tr
al

 A
fr

ic
an

 
R

ep
ub

lic
N

ig
er

D
en

m
ar

k
R

om
an

ia
B

ah
ra

in
E

cu
ad

or
K

en
ya

Pa
ki

st
an

Ta
jik

is
ta

n
C

ha
d

R
w

an
da

E
st

on
ia

Sl
ov

ak
 

R
ep

ub
lic

B
ar

ba
do

s
E

gy
pt

 R
ep

.
K

or
ea

, 
R

ep
ub

lic
Pa

na
m

a
T

ha
ila

nd
C

om
or

os
Sa

m
oa

Fi
nl

an
d

Sl
ov

en
ia

B
el

ar
us

E
l S

al
va

do
r

K
uw

ai
t

Pa
pu

a 
N

ew
 

G
ui

ne
a

To
ng

a
C

on
go

, 
D

em
oc

ra
tic

 
R

ep
ub

lic

Se
ne

ga
l

Fr
an

ce
Sp

ai
n

B
el

iz
e

Fi
ji

K
yr

gy
z 

R
ep

ub
lic

Pa
ra

gu
ay

T
ri

ni
da

d 
an

d 
To

ba
go

D
jib

ou
ti

Si
er

ra
 L

eo
ne

G
er

m
an

y
Sw

ed
en

B
ol

iv
ia

G
ab

on
L

eb
an

on
Pe

ru
T

un
is

ia
E

qu
at

or
ia

l G
ui

ne
a

So
lo

m
on

 
Is

la
nd

s
G

re
ec

e
Sw

itz
er

la
nd

B
os

ni
a 

an
d 

H
er

ze
go

vi
na

G
eo

rg
ia

L
ib

ya
Ph

ili
pp

in
es

T
ur

ke
y

E
th

io
pi

a
Su

da
n

H
un

ga
ry

U
K

B
ot

sw
an

a
G

ha
na

M
ac

ao
 S

A
R

, 
C

hi
na

Q
at

ar
U

kr
ai

ne
G

am
bi

a
Ta

nz
an

ia

M.S.B. Ali and S. Sassi



47

Ic
el

an
d

U
SA

B
ra

zi
l

G
re

na
da

M
ac

ed
on

ia
, 

FY
R

R
us

si
an

 
Fe

de
ra

tio
n

U
A

E
G

ui
ne

a
T

im
or

-L
es

te

Ir
el

an
d

B
ru

ne
i 

D
ar

us
sa

la
m

G
ua

te
m

al
a

M
al

ay
si

a
Sa

ud
i A

ra
bi

a
U

ru
gu

ay
G

ui
ne

a 
B

is
sa

u
To

go

It
al

y
C

ab
o 

V
er

de
G

uy
an

a
M

al
di

ve
s

Se
rb

ia
V

en
ez

ue
la

H
ai

ti
U

ga
nd

a
Ja

pa
n

C
am

er
oo

n
H

on
du

ra
s

M
au

ri
tiu

s
Se

yc
he

lle
s

V
ie

tn
am

L
ao

 P
D

R
V

an
ua

tu
L

at
vi

a
C

hi
le

H
on

g 
K

on
g 

SA
R

, C
hi

na
M

ex
ic

o
Si

ng
ap

or
e

W
es

t B
an

k 
an

d 
G

az
a

L
es

ot
ho

Y
em

en

L
ith

ua
ni

a
C

hi
na

In
di

a
M

ol
do

va
So

ut
h 

A
fr

ic
a

Z
im

ba
bw

e
L

ib
er

ia
Z

am
bi

a

4 The Role of ICT Adoption in Curbing Corruption in Developing Countries



48

References

 1. Ades, A., & Di Tella, R. (1999). Rents, competition and corruption. American Economic 
Review, 89(4), 982–993.

 2. Akçay, S. (2006). Corruption and human development. Cato Journal, 26(1), 29–48.
 3. Alam, M. S. (1995). A theory of limits on corruption and some applications. Kyklos, 483(3), 

419–435.
 4. Andersen, T. (2009). E-government as anti-corruption strategy. Information Economics and 

Policy, 21(2), 201–210.
 5. Andersen, K.  N., Henriksen, H.  Z., Medaglia, R., Danziger, J.  N., Sannarnes, M.  K., & 

Enemærke, M. (2010). Fads and facts of e-government: A review of impacts of e-government 
(2003–2009). International Journal of Public Administration, 33(11), 564–579.

 6. Asgarkhani, M. (2005). Digital government and its effectiveness in public management 
reform. Public Management Review, 7(3), 465–487.

 7. Bailard, C. S. (2009). Mobile phone diffusion and corruption in Africa. Political Communication, 
26(3), 333–353.

 8. Bardhan, P. (1997). Corruption and development: A review of issues. Journal of Economic 
Literature, 35(3), 1320–1346.

 9. Basu, S. (2004). E-government and developing countries: An overview. International Review 
of Law Computers and Technology, 18(1), 109–133.

 10. Beekman, G., Bulte, E. H., & Nillesen, E. E. M. (2013). Corruption and economic activity: 
Micro level evidence from rural Liberia. European Journal of Political Economy, 30, 70–79.

 11. Ben Ali, M. S., & Saha, S. (2016). Corruption and economic development. In M. S. Ben Ali 
(Ed.), Economic development in the Middle East and North Africa (pp. 133–154). New York: 
Palgrave MacMillan.

 12. Ben Ali, M. S., & Sassi, S. (2016). The corruption-inflation nexus: Evidence from developed 
and developing countries. The B.E. Journal of Macroeconomics, 16(1), 125–144.

 13. Bertot, J. C., Jaeger, P. T., & Grimes, J. M. (2010). Using ICTs to create a culture of transpar-
ency: E-government and social media as openness and anti-corruption tools for societies. 
Government Information Quarterly, 27(3), 264–271.

 14. Bhatnagar, S. 2001). Central vigilance commission website: A bold anticorruption experiment. 
World Bank, Washington D. C.

 15. Bhatnagar, S. (2003). E-government and access to information. In P. Eigen (Ed.), Global cor-
ruption report (pp. 24–32). Berlin: Transparency International Press.

 16. Braun, M., & Di Tella, R. (2004). Inflation, inflation variability and corruption. Economics and 
Politics, 16(1), 77–100.

 17. Breen, J. (2000). At the dawn of e-government: The citizen as customer. Government Finance 
Review, 16(5), 15–20.

 18. Brueckner, A. (2005). E-government: Best practices for digital government. Bulletin of the 
American Society for Information Science and Technology, 31(3), 16–17.

 19. Brunetti, A., & Weder, B. (2003). A free press is bad news for corruption. Journal of Public 
Economics, 87(7–8), 1801–1824.

 20. Dann, G.  E., & Haddow, N. (2008). Just doing business, or doing just business: Google, 
Microsoft, Yahoo!, and the business of censoring China’s internet. Journal of Business Ethics, 
79, 219–234.

 21. Elbahnasawy, N. G. (2014). E-government, internet adoption and corruption: An empirical 
investigation. World Development, 57(1), 114–126.

 22. Getz, K. A., & Volkema, R. J. (2001). Culture, perceived corruption, and economics. Business 
and Society, 40(1), 7–30.

 23. Gire, J. T. (1999). A psychological analysis of corruption in Nigeria. Journal of Sustainable 
Development in Africa, 1, 1–15.

 24. Goel, R. K., Nelson, M. A., & Naretta, M. A. (2012). The internet as an indicator of corruption 
awareness. European Journal of Political Economy, 28, 64–75.

M.S.B. Ali and S. Sassi



49

 25. Grönlund, A. (2010). Using ICT to combat corruption: Tools, methods and results. In C. Strand 
(Ed.), Increasing transparency and fighting corruption through ICT: Empowering people and 
communities (pp. 7–26). Stockholm: Spider.

 26. Gupta, S., Davoodi, H., & Alonso-Terme, R. (2002). Does corruption affect income inequality 
and poverty? Economics of Governance, 3(1), 23–45.

 27. Habib, M., & Zurawicki, L. (2002). Corruption and foreign direct investment. Journal of 
International Business Studies, 33(2), 291–307.

 28. Hammerman, C. (2005). E-government: Lessons learned in Michigan: Best practices for local 
e-government. Bulletin of the American Society for Information Science and Technology, 
31(3), 17–19.

 29. Heeks, R. (1998). Information technology and public sector corruption. Information systems 
for Public Sector Management, Working Paper No.4, Manchester, Institute for Development 
Policy and Management.

 30. Hellström, J. (2008). Mobile phones for good governance: Challenges and way forward. 
Stochkholm University Working Papers, Stockholm.

 31. Husted, B.  W. (1999). Wealth, culture and corruption. Journal of International Business 
Studies, 30(2), 339–360.

 32. Jaeger, P. T., & Matteson, M. (2009). E-government and technology acceptance: The imple-
mentation of Section 508 guidelines for e-government websites. Electronic Journal of 
E-Government, 7(1), 87–98.

 33. Jain, A. K. (1998). Economics of corruption. New York: Kluwer Academic Publishers.
 34. Katz, J. E., & Lai, C. H. (2009). News blogging in cross-cultural contexts: A report on the 

struggle for voice. Knowledge, Technology, and Policy, 22(2), 95–107.
 35. Kaufmann, D. (1999). International Herald Tribune, 25, 02.
 36. Lambsdorff, J. G. (2006). Causes and consequences of corruption: What do we know from a 

cross-section of countries? In S. Rose-Ackerman (Ed.), International handbook on the eco-
nomics of corruption (pp. 3–51). Cheltenham: Edward Elgar.

 37. Lin, N. (2001). Social capital: A theory of social structure and action. Cambridge: Cambridge 
University Press.

 38. Mauro, P. (1995). Corruption and growth. The Quarterly Journal of Economics, 110(3), 
681–712.

 39. Moon, M. J. (2002). The evolution of e-governance among municipalities: Rhetoric or reality? 
Public Administration Review, 62(4), 424.

 40. OECD (2013). OECD working group on bribery: Annual report on activities undertaken in 
2012.

 41. Piatkowski, M. (2006). Can information and communication technologies make a difference in 
the development of transition economies? Information Technologies and International 
Development, 3(1), 39–53.

 42. Rajaratnam, L. (2008). CBI SMS campaign for anti-corruption. Http://Www.Merinews.Com/
Article/Cbi-Sms-Campaign-For-Anti-Corruption/139622.Shtml

 43. Relly, J. E., & Sabharwal, M. (2009). Perceptions of transparency of government policymak-
ing: A cross-national study. Government Information Quarterly, 26(1), 148–157.

 44. Ringen, S. (1991). Households, standard of living, and inequality. Review of Income and 
Wealth, 37(1), 1–13.

 45. Roberts, A. (2006). Blacked out: Government secrecy in the information age. New  York: 
Cambridge University Press.

 46. Saha, S., & Gounder, R. (2013). Corruption and economic development nexus: Variations 
across income levels in a non-linear framework. Economic Modelling, 31(1), 70–79.

 47. Shim, D. C., & Eom, T. H. (2009). Anticorruption effects of information communication and 
technology and social Capital. International Review of Administrative Sciences, 75(1), 99–116.

 48. Sturges, P. (2004). Corruption, transparency and a role for ICT? International Journal of 
Information Ethics, 2, 1–9.

4 The Role of ICT Adoption in Curbing Corruption in Developing Countries

http://www.merinews.com/article/cbi-sms-campaign-for-anti-corruption/139622.shtml
http://www.merinews.com/article/cbi-sms-campaign-for-anti-corruption/139622.shtml


50

 49. Tanzi, V. (1995). Corruption, arm’s-length relationships and markets. In G.  Fiorentini & 
S.  Peltzman (Eds.), The economics of organised crime (pp.  161–180). Cambridge, MA: 
Cambridge University Press.

 50. Tanzi, V. (1998). Corruption around the world: Causes, scope, and cures. IMF Working Paper 
No. WP/98/63.

 51. Ugur, M. (2014). Corruption’s direct effects on per-capita income growth: A meta-analysis. 
Journal of Economic Surveys, 28(3), 472–490.

 52. UNDP. (2008). Tackling corruption, transforming lives, accelerating human development in 
Asia and the Pacific. United Nations Development Program Annual Report.

 53. Van Rijckeghem, C., & Weder, B. (2001). Corruption and the rate of temptation: Do low wages 
in the civil service cause corruption? Journal of Development Economics, 65(2), 307–331.

 54. Vinod, H. D. (1999). Statistic analysis of corruption data and using the internet to reduce cor-
ruption. Journal of Asian Economics, 10(4), 591–603.

 55. Von Waldenberg, W. (2004). Electronic government and development. European Journal of 
Development Research, 16, 417–432.

 56. Wellman, B., Hasse, A.  Q., Witte, J., & Hampton, K. (2001). Does the internet increase, 
decrease, or supplement social capital? American Behavioral Scientist, 45(3), 436–455.

 57. Wescott, C. (2001). E-government in the Asia Pacific region. Asia Journal of Political Science, 
9, 1–24.

 58. Wong, W., & Welch, E. (2004). Does e-government promote accountability? A comparative 
analysis of website openness and government accountability. Governance, 17(2), 275–297.

 59. Yang, K., & Rho, S.-Y. (2007). E-government for better performance: Promises, realities, and 
challenges. International Journal of Public Administration, 30(11), 1197–1217.

 60. Zittrain, J., & Palfrey, J. (2008). Internet filtering: The politics and mechanisms of control. In 
R. Deibert, J. Palfrey, R. Rohozinski, & J. Zittrain (Eds.), The practice and policy of global 
internet filtering (pp. 29–56). Cambridge, MA: Massachusetts Institute of Technology Press.

M.S.B. Ali and S. Sassi



51© Springer International Publishing AG 2017 
H. Kaur et al. (eds.), Catalyzing Development through ICT Adoption, 
DOI 10.1007/978-3-319-56523-1_5

Chapter 5
Internet, Educational Disparities, 
and Economic Growth: Differences Between 
Low-Middle and High-Income Countries

Margarita Billon, Jorge Crespo, and Fernando Lera-López

Abstract This paper examines the influence of educational inequality on the 
impacts of Internet use on economic growth. We use panel data estimations on a 
sample of 90 countries from 1995 to 2010. We find that Internet use has a positive 
impact on growth in both developing and developed countries. Furthermore, we also 
find that educational inequality negatively influences the impact of Internet use on 
economic growth, the effect being more significant in developing countries. The 
results highlight that in addition to the role played by the level of human capital, 
public policies should take into account the educational distribution to boost Internet 
use and favor its impacts on economic growth.

Keywords Educational inequalities • Information technologies • Digital divide 
• Human capital • Economic growth

5.1  Introduction

The literature on the so-called digital divide has highlighted the existence of impor-
tant inequalities in information and communications technology (ICT) access and 
use that are usually associated with other within-country social divides, such as 
human capital endowments [1–3]. In most developing countries, the bulk of Internet 
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users belong to the most educated sector of the population, whereas the majority 
lags behind not only in terms of general education but also in terms of Internet 
skills, creating a gap that may affect the Internet’s diffusion [4] and therefore its 
impacts. In addition, in many less developed countries, lower levels of human capi-
tal are associated with greater inequalities in the distribution of education [5]. 
Figure 5.1 illustrates the Internet diffusion average for three groups of countries 
according to their educational inequality level. As observed, lower use of the Internet 
corresponds to countries with higher education inequalities, whereas higher Internet 
use corresponds to countries exhibiting a lower level of inequalities.

Although the academic literature has investigated the role of education, little atten-
tion has been devoted to studying the impacts of educational distribution on ICT’s 
effects on growth. The bulk of studies has focused on the impacts of ICT investments 
on productivity and growth, in some cases using growth accounting techniques. They 
have mainly been applied to developed countries and have generally found a positive 
effect [6–9]. The evidence for developing countries is less extensive and conclusive 
[10–13]. Other studies within the endogenous growth framework have investigated 
externalities derived from ICT investments, finding positive effects on the total factor 
productivity of less developed countries [14] or positive impacts of ICT use on per 
capita income growth in some countries in Africa [15].

From the academic literature, we also know that together with the crucial role of 
ICT investments and ICT access, ICT use is a key factor for growth [16, 17]. More 

Fig. 5.1 Average diffusion of Internet use by education inequalities at country level (Source: 
Author’s own elaboration from Barro-Lee educational attainment dataset and World Bank Databank. 
See Sect. 5.4 for details on how education inequalities have been measured. Low education inequal-
ity corresponds to countries with Gini <0.125; medium education inequality countries are those 
with 0.125≤ Gini <0.226; high education inequality countries are those with Gini ≥0.226)
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specifically, the effective, strategic, and transformative use of ICT may favor 
 participation, empowerment, networking, learning, and innovation processes, which 
could have significant effects in terms of growth [18, 19].

The transformative use of ICT has commonly been related to more experienced 
and intensive users and higher levels of education [20, 21]. Furthermore, in addition 
to the role played by the level of education, Rogers [22] highlighted the need to 
consider the influence of socioeconomic structure to explain the adoption of innova-
tions. In this sense, the educational distribution within a country may condition the 
way in which the information and knowledge associated with technology use are 
disseminated throughout the productive and social system and therefore its impacts.

This chapter seeks to investigate whether educational inequalities influence the 
effects of Internet use on economic growth using a sample of 90 countries between 
1995 and 2010. Unlike previous studies that explore the effects of level of education 
on ICT use and economic growth, we investigate for the first time the influence of 
educational inequalities – which are particularly relevant in developing countries – 
on Internet’s effects on growth. We use a panel data approach to take into account 
specific features of the different countries considered.

The chapter is organized as follows. Following this introduction, Sect. 5.2 pro-
vides the theoretical framework of our research. Section 5.3 shows the empirical 
literature review. Section 5.4 is devoted to presenting the research model. Sections 
5.5 and 5.6 show the data methodology and the empirical analysis, respectively. In 
Sect. 5.7, the main conclusions and discussion are presented, as well as some policy 
implications of our research.

5.2  Theoretical Framework

Technological progress plays a major role in modern theories of economic growth. 
Since the contributions of Solow [23] and Swan [24] to endogenous growth models 
proposed by Romer [25], Grossman and Helpman [26], and Aghion and Howitt [27], 
technology has been considered a key factor for long-run growth. Technological change 
favors the creation of new products, quality improvement, and heightened efficiency in 
the use of physical capital and labor. The literature on ICT has highlighted the role 
played by Internet adoption in facilitating firms’ internal and external communication 
and coordination, lowering transaction costs, and increasing efficiency and productiv-
ity [28–31]. Moreover, the Internet also fosters innovation through the development of 
new products and processes, new business models, and new models of cooperation 
among firms, impacting economic growth [32, 33]. In addition, the effects of ICT use 
on growth are also related to the development of new modes of human interaction that 
may contribute to the creation and diffusion of knowledge.

As Romer [25] pointed out, technology is a non-rival and only partially exclud-
able good. These features favor the diffusion of innovations through individuals 
and organizations. However, as Keller [34] states, innovations need channels to be 
assimilated by potential adopters. As general-purpose technologies [35], ICT and 
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the Internet, in particular, facilitate the dissemination of information and the 
transmission of codified and tacit knowledge [36] throughout productive systems 
and societies, favoring information networks that may lead to knowledge spill-
overs and thus contributing to economic growth [32, 37]. Other approaches also 
highlight the role played by the creation and diffusion of knowledge flows within 
local environments and throughout interpersonal interactions as a critical channel 
for the diffusion of tacit knowledge [38]. However, technology spillovers are not 
automatic, and cognitive proximity is needed to communicate, understand, assim-
ilate, and process new information [39, 40]. The capacity for absorbing, creating, 
and transmitting new knowledge requires a similar cognitive base to understand 
and process it effectively [41]. Moreover, along with cognitive proximity, so do 
relational, social, and technological proximities [42] favor the creation of “cogni-
tive spaces.” These spaces act as channels that facilitate interactive and collective 
learning processes [43] which are considered key determinants to guarantee the 
strategic use of ICT and, therefore, its impacts on growth.

Within this framework, the level of education constitutes an important factor to 
explaining technology diffusion and its impacts. Several theoretical models [44–46] 
have demonstrated the importance of human capital to adopt and use new technolo-
gies. The diffusion theory also states that individuals with a higher educational level 
tend to be more prone to accept the risks and uncertainty associated with innova-
tions and adopt them faster than people with less education [22]. Early adopters and 
users of technology show higher levels of education than laggards. Education pro-
vides the skills required for using and taking advantage of ICT. Also, heterogeneity 
models [46] attribute a critical role to disparities in educational levels to explain the 
differences in diffusion rates [20, 21].

In addition to educational levels, the diffusion theory emphasizes that social 
structure determines the impacts of technology use more than innovation itself. 
Differences in educational attainment levels within countries, in other words, edu-
cational inequalities, influence the type of communications networks created and 
the information and knowledge flows that take place among individuals. According 
to Rogers [22], information and knowledge flows take place among “peers,” between 
“ups” and “ups,” on the one hand, and between “downs” and “downs,” on the other. 
In addition, as also mentioned, the dissemination of information and the transmis-
sion of codified and tacit knowledge [36] may be related to several cognitive, social, 
and technological proximities associated with the existing educational structure, 
with potential impacts on economic growth.

As seen, along with theoretical approaches that stress the role of technology and 
human capital in economic growth, more modern contributions highlight the rele-
vance of collective learning processes as a way to acquire knowledge, considered a 
key factor for growth. In this context, differences in educational levels within a 
country, as pointed out by the diffusion theory, may affect ICT use and the associ-
ated knowledge flows as well as their potential impact on growth.
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5.3  Empirical Literature Review

5.3.1  Internet Use and Economic Growth

Empirical evidence on the impacts of Internet use on growth at the country level is 
still scarce, and although it shows a generally positive relationship, the results are 
far from conclusive. These results differ considerably depending on the level of 
development, the period analyzed, and the econometric specifications employed.

Espiritu [47] obtained a positive association between Internet use and economic 
growth from a sample of 36 developed countries between 1980 and 1999. 
Baliamoune-Lutz [10] found that some ICT indicators led to a higher per capita 
income for a sample of 47 developing countries in the period 1998–2000. Using 
cross-country panel data for 207 countries in the period 1991–2000, Choi and Hoon 
Yi [48] also detected a very positive and significant effect of Internet use on eco-
nomic growth. Vu [49] showed the high impact of Internet use on economic growth 
for a sample of 102 countries in the 1996–2005 period.

The evidence also proves the convenience of taking into account the level of 
development and the state of the economy, since the results are sensible to them [13, 
50]. Meijers [16] captured the positive impact of Internet use on economic growth 
from a sample of 162 countries in the period 1990–2008, showing that the impact of 
Internet use on trade is much higher for non-high-income countries, whereas the 
impact of trade on economic growth is the same for both high-income and non- 
high- income countries. Yousefi [17] showed that the impact of ICT on economic 
growth differs across different income groups of countries through a study of 62 
countries in the period 2000–2006, playing a major role in the growth of high- and 
upper-middle-income countries. By contrast, Qiang and Xu [51], conducting a 
cross-sectional analysis for the period 1980–2009, found a robust economic impact 
of Internet use only in developing countries.

The literature has also demonstrated that the potential outcomes derived from 
ICT require complementary investments, such as those associated with human capi-
tal [52], which allow us to explore the links between education and ICT.

5.3.2  Education and ICT Use

Empirical evidence shows that basic literacy and reading and writing skills are 
essential to ICT use [3]. Moreover, the transformative use of ICT requires higher 
levels of education that are also related to the development of specific skills [53]. 
Furthermore, the skilled labor force is able to use the Internet and other ICTs more 
efficiently, consequently contributing to increasing firm productivity and perfor-
mance as well as growth in the long term [12]. Educational achievement is essential 
for the productive use of ICT in developing countries [54], where the low levels of 
human capital may constitute a barrier to Internet usage.
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The empirical evidence has frequently shown a positive impact of education on 
ICT diffusion in different countries. Some studies, using national surveys, have 
verified the important role of education at the personal level. Haight et al. [55] in 
Canada and Zhu and Chen [56] in China are recent examples. Chinn and Fairlie 
[57], for a panel of 161 countries, highlighted that educational level is a relevant 
factor to explain the global digital divide. Demoussis and Giannakopoulos [58], for 
a sample of European countries, also found that the level of Internet use is positively 
affected by education. Wunnava and Leiter [59], employing cross-sectional data 
from 100 countries (developed and developing countries), showed that education 
has a positive effect on Internet diffusion.

Some studies have focused separately on ICT diffusion in developed and devel-
oping countries. Bagchi and Udo [60] analyzed the determinants of ICT adoption in 
two sets of African countries and countries belonging to the Organization for 
Economic Cooperation and Development (OECD). The results show that education 
is more relevant to explaining ICT diffusion in developing countries than in devel-
oped ones. Kiiski and Pohjola [61] also emphasized the different roles played by 
education according to the economic level of the countries. They showed that in 
OECD countries, education is not a statistically significant factor for Internet diffu-
sion. However, when they employed a bigger sample including non-OECD coun-
tries, human capital seemed to be significant in explaining Internet diffusion. 
Baliamoune-Lutz [10], using a sample of 47 developing countries, also found that 
ICT diffusion is not associated with education. Nevertheless, more recent studies 
with bigger samples have pointed out the positive relationship between education 
and ICT use in developing countries [12, 62].

Other researchers have focused on particular geographical areas. For example, 
Chong and Micco [63] showed the role of human capital to be one of the most 
important factors in ICT diffusion in Latin America. Quibria et al. [3], for Asian 
countries, found that education positively affects computer and Internet use. 
Ngwenyama et al. [54], investigating some African countries, highlighted the com-
plementarities between ICT and education as well as the need for additional 
improvements in education to boost the ICT use in those countries.

To sum up, the empirical literature has explored the relationships between ICT 
and growth and between educational levels and ICT diffusion. However, only some 
studies have considered the indirect association between educational levels and 
growth achieved through ICT use [12], while scant attention has been devoted to 
exploring whether the educational distribution may affect the impacts of ICT.

5.4  Research Model

Along with the effect of Internet use on economic growth, this paper aims to inves-
tigate the influence of educational inequalities on the impact that Internet use has on 
growth. The specific research questions that we attempt to answer are the 
following:
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• Does the Internet have an impact on economic growth?
• Do educational inequalities affect the impact of Internet use on economic 

growth?

We follow the broadly accepted assumption in economic growth literature that 
capital accumulation and technology are the main engines of economic growth. 
From an empirical point of view, we use Barro’s [64] approach since it allows us to 
consider a wide spectrum of explanatory factors of economic growth including 
technology diffusion. We also take into account the diffusion theory to explore the 
role of education and its distribution. The proposed empirical growth model includes 
specific variables to capture the effect of Internet use on economic growth and the 
joint impact of human capital inequalities and Internet use on growth:
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where i denotes countries and t time; ΔGDPi, t − (t + 5) is the 5-year growth of per capita 
GDP; GDPi, t is the log of per capita income in t (this term is added to allow for con-
ditional convergence; see [64]); Ii, t − (t + 5) is the log of the 5-year average ratio of gross 
domestic investment to GDP; HKi, t is the log of human capital; Expi, t denotes the log 
of life expectancy; Infi, t − (t + 5) is the 5-year growth in prices; Interneti, t − (t + 5) is the log 
of the 5-year average number of Internet users per 100 people; EducIneqi, t⋅ Interneti, 

t − (t + 5) is the interaction term between educational inequality, measured by the Gini 
coefficient, and the average number of Internet users; and ui, t is the error term. The 
inclusion of the interaction term allows us to explore whether the impacts of Internet 
use on growth depend on educational inequalities. In this sense, the marginal effect 
of an increase in Internet use would be captured by
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So the initial impact of Internet use on growth β6 would be adjusted by the β7 ⋅ 
EducIneqi, t product.

In accordance with our research questions and the theoretical and empirical lit-
erature reviewed, we propose the following main hypotheses.

As already mentioned, given ICT effects in terms of accelerating the diffusion of 
information, technological know-how, and favoring human interactions, we expect 
a positive impact of Internet diffusion on growth [47, 49, 51, 59].

H1: There is a positive impact of Internet use on economic growth.

As previously shown, together with the level of education and according to the 
diffusion theory, educational structure also influences technology adoption. Along 
with low levels of human capital, the existence of disparities in educational levels 
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may negatively influence knowledge flows, the dissemination of information and 
the transmission of codified and tacit knowledge [39–41], and the potential learning 
processes and impacts on growth.

H2: Educational inequality negatively influences the impacts of Internet use on eco-
nomic growth.

The secondary hypotheses derived from the rest of the variables usually included 
in growth models are the following:

As previously shown, the literature has widely demonstrated the role played by 
human capital as an engine of economic growth [44, 45, 65].

H3: Human capital positively impacts economic growth.

Life expectancy has been traditionally included in growth models in line with 
[64], capturing human capital quality. Life expectancy is usually considered as a 
proxy for workforce’s health [66]. Although the results of life expectancy effects on 
economic growth are far from conclusive [67], the empirical literature has demon-
strated that improvements in population’s health may increase human capital, in 
particular in developing countries [68]. The positive influence of life expectancy is 
related to the fact that healthier workers are more likely to be more productive [69]. 
In addition to the productivity gains, life expectancy also may contribute to increase 
human capital accumulation since expected returns to investment on education are 
higher [70].

H4: Life expectancy positively impacts economic growth.

According to the convergence hypothesis in economic growth literature [64], 
countries per capita GDP should converge to their stationary state. In this sense, 
their rate of economic growth is inversely related to their distance to their stationary 
state, so we would expect a negative coefficient for this variable.

H5: Initial per capita GDP negatively impacts economic growth.

Physical capital is one of the traditional production factors considered in the lit-
erature on economic growth [23, 24]. We expect a positive sign for this variable.

H6: Investment positively impacts economic growth.

Finally, high inflation reduces investment and productivity growth [71], and it is 
associated with macroeconomic instability [72]. The coefficient for inflation is 
expected to be negative.

H7: Inflation negatively affects economic growth.

5.5  Data and Methodology

We use a sample of 90 countries for the 1995–2010 period. We took into account 
the favorable evolution of Internet use from the 1990s to investigate their impacts 
on economic growth. Also, following [73] and considering that changes in 
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economic development take time, we calculate growth over a 5-year intervals 
instead of measuring growth from 1 year to the next. The period selected is also 
conditioned by human capital data availability. Human capital is measured using 
the average years of secondary and tertiary schooling for members of the popula-
tion aged 25 and over and is taken from Barro and Lee [74]. The data for GDP per 
capita, life expectancy, investment ratio, inflation, and Internet users per 100 peo-
ple are from World Bank [75]. Educational inequality is computed as a Gini index 
based on the school attainment data of population aged 25 years and over pro-
vided by Barro and Lee [74]1:
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where H  is the average years of schooling of population, i and j are the different 
subgroups considered (no schooling, primary education, secondary education, 
higher education), xi  and x j  are the cumulative average schooling years of each 
educational level, and, finally, ni and nj are the shares of population with an educa-
tional i and j level.

Matching both datasets we obtained complete information about all selected 
variables for 90 countries (52 middle-and low-income countries and 38 high-income 
countries). Given the lack of data for low-income countries, we grouped middle- 
and low-income countries together. Table 5.1 shows the descriptive statistics of the 
variables.

We use a panel data estimation approach because it allows us to consider the 
existence of specific features of countries that are, generally, unobservable and sta-
ble over time (cultural aspects, traditions, legislations, etc.). Otherwise, the estima-
tions would suffer from an omitted variable bias. Moreover, if this unobservable 
heterogeneity was correlated with one or some of the explanatory variables, the 
ordinary least-squares estimation would not be consistent (it could even lead us to 
obtain coefficients whose signs are the opposite of those expected). In order to avoid 
these problems, we use the fixed-effects (FE) estimator.

1 This expression is used in Checchi [77].

Table 5.1 Summary statistics

Variable Mean Std. dev. Minimum Maximum

GDPi,t−(t+5) 0.123 0.111 −0.116 0.580
Ii,t−(t+5) 3.065 0.200 2.304 3.747
HKi,t 0.641 0.532 −0.972 1.823
Expi,t 4.218 0.125 3.731 4.372
Infi,t−(t+5) 0.312 0.400 −0.068 3.540
Interneti,t−(t+5) 2.171 1.752 −2.737 4.510
EducIneqi,t 0.210 0.149 0.004 0.747

Authors’ own calculations
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In addition, the presence of the lagged dependent variable among the regres-
sors in the estimated equation creates endogeneity problems given that this vari-
able is correlated with the error term. As a solution it is necessary to estimate the 
model using an instrumental variable estimator; specifically, we use the two-
stage least- squares estimator (2SLS). However, finding suitable external instru-
ments is a complex task, so we use the lags of the variables as instruments [76]. 
This is a common practice in estimations that have to tackle endogeneity 
problems.

5.6  Empirical Analysis

To test our hypotheses, firstly, real GDP per capita growth rate variable is regressed 
on the selected independent variables for the entire sample. Column (1) in Table 5.2 
reports the coefficients of the regression estimated. The results confirm our first 
hypothesis since Internet use shows a positive and significant influence on eco-
nomic growth. As for our second hypothesis, the interactive term between the 
Internet and educational inequality is negative and significant, confirming that the 
educational distribution negatively influences the effect of Internet use on economic 
growth. The result indicates that countries with greater differences in the distribu-
tion of education may register weaker effects of Internet use on growth than coun-
tries with a more homogeneous distribution.

With respect to the traditional variables in Barro’s model, neither human capi-
tal nor life expectancy is significant (Hypotheses 3 and 4). It should be noted that 
this result is often obtained when average years of schooling are used in panel 
data regressions [78, 79]. The results confirm the conditional convergence 
hypothesis, as the initial per capita GDP coefficient is negative and significant 
(Hypothesis 5). Finally, investment shows a positive effect on economic growth, 
while inflation has a negative effect, confirming Hypotheses 6 and 7, 
respectively.

Secondly, as we are also interested in investigating whether the results may 
vary when we take into account different development levels, following the World 
Bank’s classification, we divide the sample into two groups. The regressions in 
Columns (2) and (3) in Table 5.2 show the results obtained for low- and middle-
income group and high-income countries, respectively. The answers to our main 
research questions are the same as that obtained for the total sample. First, in both 
cases Internet use has a significant and positive impact on economic growth, con-
firming our first hypothesis. Furthermore, the impact of the Internet seems to be 
slightly greater in developing countries than in developed countries. Second, the 
results also provide evidence for our second hypothesis since the interactive term 
is also significant and has a negative sign for both groups of countries. However, 
the negative influence of educational inequality on growth is more evident for less 
developed countries.

M. Billon et al.



61

In relation to the rest of the variables in the model, the results vary according 
to the different country group, probably as a result of their different stage of 
development. With regard to less developed countries, life expectancy, initial per 
capita GDP, investment, and inflation are significant and show the expected signs, 
confirming for this group our Hypotheses 4, 5, 6, and 7, respectively. The results 
point out the crucial role of investment in economic growth in developing coun-
tries. In addition, life expectancy now has a positive and significant impact on 
economic growth. This finding is consistent with [80], who concluded that the 
effect of life expectancy on economic growth may in turn be conditioned by life 
expectancy itself. The higher the life expectancy, the lower its potential effect on 
economic growth.

In contrast, for developed countries only our main Hypotheses 1 and 2 and the 
convergence Hypothesis 5 are confirmed. Regarding human capital, we again found 
a nonsignificant coefficient in line with [78, 79]. Life expectancy seems to be less 
important for this group of countries as average life expectancy for advanced coun-
tries is 74.3 in our sample (64.04 for developing countries). It should be noted that 
according to Barro [81], the adverse effect of the inflation rate on economic growth 
is only shown in countries with very high inflation rates (above 10%). He also 
pointed out the existence of a simultaneity problem between investment and eco-
nomic growth that cannot be completely solved using investment lagged values as 
instruments.

Table 5.2 Per capita GDP growth regression models

Variables
(1) Total 
countries

(2) Low- and middle- 
income countries

(3) High-income 
countries

GDPi,t −0.696*** −0.645*** −0.759***
(.085) (0.133) (0.139)

Ii,t-(t+5) 0.118* 0.162** −0.026
(0.061) (0.062) (0.178)

HKi,t 0.067 0.082 0.070
(0.097) (0.098) (0.135)

Expi,t 0.273 0.315** 0.797
(0.174) (0.151) (0.994)

Infi,t−(t+5) −0.038** −0.034** −0.024
(0.015) (0.014) (0.117)

Interneti,t−(t+5) 0.062*** 0.055*** 0.048***
(0.009) (0.011) (0.017)

EducIneqi,t * 
Interneti,t−(t+5)

−0.176*** −0.161*** −0.203*
(0.047) (0.054) (0.113)

Country dummies Yes Yes Yes
Observations 270 156 114
R2 0.6765 0.7161 0.6090

(*), (**) and (***) denote significance at the 10%, 5%, and 1% levels, respectively. White’s 
heteroskedasticity- robust standard errors in parentheses
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5.7  Conclusions and Discussion

This chapter aimed to investigate the effects of Internet use on economic growth and 
the influence of educational inequalities on the impacts of the Internet on growth. 
We used a panel data approach to take into account specific features of the different 
countries considered, using a sample of 90 countries from 1995 to 2010. Within the 
framework of empirical growth models that consider the role of technology diffu-
sion, results confirm the first hypothesis since we found a positive relationship of 
Internet use for both the entire sample and for different country groups according to 
their level of development. The positive relationship seems to be slightly higher 
among low- and middle-income countries than in high-income countries.

The findings also confirm our second hypothesis. We found that the relationship 
between educational inequalities and Internet use was negatively related to eco-
nomic growth for both developed and developing countries, although the results 
were clearly more significant for developing countries. The contribution is in line 
with the importance given to educational structure by diffusion theory as a factor 
that can influence technology adoption and its impacts. Also, the outcomes of the 
research are in accordance with more recent theoretical approaches that stress the 
importance of human interactions among individuals who share knowledge bases 
and cognitive, technological, and social “spaces” that lead to the collective learning 
processes needed to acquire and process new knowledge considered to be a critical 
factor for economic development.

These results indicate that along with investments and actions devoted to increas-
ing human capital endowments, specific policy actions are needed to assure a more 
egalitarian distribution of education. Furthermore, our results reinforce previous 
studies pointing out that investments in ICT, in particular in developing countries, 
should be developed with complementary investments in the education infrastruc-
ture and programs to reduce human capital inequalities and to boost the effective 
and productive use of ICT. As Morales-Gómez and Melesse [82] pointed out some 
years ago, the design of ICT policies should be closely linked with education and 
training strategies to promote development in developing countries. Then, develop-
ing countries might prioritize government initiatives in technology and education to 
support and increase the access to education and digital literacy and reduce the 
educational inequalities.

Nevertheless, we should be conscious of the fact that the reduction of educa-
tional inequalities in developing countries might require a concerted long-term 
effort at the national, regional, and local levels. The results of these efforts will be 
noticeable in the medium and long term. As Barro ([81], p. 3) argued, “physical 
capital is more amenable than human capital to rapid expansion.” Thus, policies to 
reduce educational inequalities should pursue the improvement of educational sys-
tems in developing countries, in particular in rural and remote areas. The integration 
of ICT-related subjects into all stages of education, particularly at the primary and 
secondary levels, together with the improvement of the ICT infrastructure in schools 
(computers, modems, etc.) might contribute not only to reducing the educational 
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inequalities but also to boosting digital literacy and different e-skills, which could 
contribute to improving productivity and economic development in this type of 
country. Nevertheless, these efforts to reduce the educational inequality in develop-
ing countries are likely to face some challenges, such as the brain drain of highly 
qualified experts and teachers. This phenomenon has been previously highlighted 
by other studies [83, 84].2

In particular, it might be possible to develop mixed strategies combining educa-
tional and ICT programs. These mixed strategies could be developed to target dif-
ferent populations. For example, if younger users are early adopters of more 
advanced uses of ICT [85], not only the inclusion of ICT subjects in educational 
programs but also the use of different ICTs as a way to develop basic literacy in 
students might be interesting. It might also be useful to provide young people with 
e-skills by offering vocational schooling when these skills are not acquired at 
school, as undertaken in India [85]. This could improve their job opportunities at the 
same time as reducing the educational inequalities. Furthermore, organizing literacy 
courses through the use of computers, for example, to teach adults could reduce the 
educational inequalities and at the same time increase people’s e-skills and abilities. 
Firms might also be provided with incentives to engage in the development of 
e-skills training themselves through tax subsidies or tax policies [86]. These incen-
tives could have positive effects on the educational attainments of middle-aged 
people as well as boosting the productivity improvements within firms.

On the one hand, these efforts might be accompanied by the development of 
the ICT infrastructure3 and measures to reduce the cost of usage through subsi-
dies to schools and populations living in rural and remote areas. As 43% of the 
countries under study have a majority of rural population, it is essential for 
these measures to be applied in rural areas in particular. Furthermore, to avoid 
the lack of awareness shown by a great proportion of the population in develop-
ing countries, the development of specific applications useful for basic activities 
in these countries might be necessary. Open-source software could be a good 
instrument to create online content in people’s own languages that support the 
school-based curriculum and new useful applications in developing countries, 
considering the local realities of the population. For example, the experience 
described by Jain et al. [87] among Indian farmers is a good point of reference 

2 Brain drain migration has been growing significantly over the last decades, with an increase of 
77% in the period 1990–2000, increasing more rapidly than the educational attainments in many 
developing countries, with negative impacts in these countries [83]. Furthermore, throughout the 
1990s, the growth rate of international skilled migration was nearly triple that of unskilled migra-
tion, and most of that increase was due to skilled migration from developing to developed coun-
tries. The emigration rates in 2000 were three times higher than average for the highly educated 
and skilled and 12 times higher among emigrants from low-income countries [84].
3 Satellite networks, wireless infrastructure, and public-private partnerships might reduce the cost 
of Internet access drastically. In this context, recent initiatives to develop more affordable informa-
tion and communication systems through satellites to reach rural areas have been implemented in 
some developing countries (see, e.g., the Ob3 project: http://www.o3bnetworks.com/3222).
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for future applications in developing countries, in particular in rural areas. It 
may also be interesting to develop specific ICT applications (apps) focusing on 
youth targets that could be used with mobile phones, for example, which are 
generally more accessible and affordable than computers.

On the other hand, ICT training courses should be developed for teachers in 
developing countries as well as ICT applications with educational purposes consid-
ering the native languages of the population. These measures could help teachers 
and educational staff to be conscious of ICT’s possibilities to improve educational 
attainment and reduce educational inequalities in developing countries, in particular 
in rural and remote areas, as previously mentioned.

Finally, our results also reinforce other results that show that the digital divide 
and the differences in ICT impacts across countries are also related to other 
social divides associated with differences in development levels. ICT diffusion 
policies should take into account the characteristics of the economic and social 
development and coordinate actions with other initiatives to link economic 
development with ICT diffusion. ICT investments alone might not necessarily 
lend themselves to development in developing countries if they are not devel-
oped together with other initiatives to increase educational and social 
attainments.4

One of the main limitations of the present study is the lack of data, which did 
not allow us to disaggregate the results to capture the influence of the different 
stages of development for different groups of developing economies, such as 
emerging and poor economies. This should be an area for further research when 
more data are available. It would also be interesting to use additional measures of 
human capital and educational inequality, different from the Gini index. Although 
there are several advantages of using this index, such as the fact that it is easy to 
understand and has many desirable statistical properties, it is not easily decom-
posable or additive. In addition, it is ever difficult to characterize educational 
inequality through a single index. Therefore, alternative measures should be con-
sidered for further research to capture better the distribution of education in the 
countries considered.
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4 More details about different measures to promote ICT adoption in developing countries and the 
relationship with educational, political, and social issues can be found in Keengwe and Malapile 
[88].
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Abstract This chapter aims to investigate the performance of public sector account-
ing (PSA) after introducing the computer-aided mechanism in a developing country, 
Bangladesh. Transparency and accountability which are assumed as the accelerator 
for the development of a nation are urged for the PSA for a long time. For poverty 
alleviation, reformation of PSA in developing countries has been suggested by the 
donor agencies as well. Different mechanisms have emerged as a consequence for 
the demand of PSA reformation. As a part of reforming the PSA, Bangladesh has 
introduced Integrated Budget and Accounting Systems (iBAS), a computer-based 
network through the country. The iBAS has been introduced with the association of 
donor agencies. This chapter focuses on the gradual performance of some parts of 
the PSA (e.g., bill passing, check clearing) to investigate the effectiveness of 
Information and Communication Technology (ICT) in public sector accounting. 
The investigation, analysis, and discussion indicate that the iBAS is likely to have 
positive impacts on strengthening the PSA. Therefore, it is expected that the iBAS 
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6.1  Introduction

The concept of New Public Management (NPM) urges the reformation of public 
sector accounting (PSA) [1]. The concept of NPM was initiated to reform the public 
sector in the 1980s and 1990s [1]. The term “New Public Management” is intro-
duced by Hood [2]. Broadly, NPM denotes the government policies that aimed to 
modernize and ensure the efficiency of the public sector. The concept of NPM leads 
the PSA of different countries to undergo the reformation process for a long time 
[3–5]. Developing countries are not an exception. Moreover, the surrounding envi-
ronment of developing countries is under the pressure to reform the PSA. As devel-
oping countries are depended on the resources of donor agencies, institutional 
pressure exists to reform the PSA (e.g., [5]). It is mentioned that to alleviate the 
poverty, public sector accounting can play a good role through the effective alloca-
tion of resources [5–7]. The efficient PSA can ensure the transparency of public 
expenditure that is urging by different stakeholders. Therefore, since 1980, interna-
tional organizations (like World Bank, IMF, and donor countries) are raising con-
cern to reform PSA in the developing countries [5].

Accounting’s existence and evolution are strongly based on artifacts, things cre-
ated by humans in order to solve a problem in a specific environment [8, 9]. 
Information and Communication Technology (ICT) can shape and forms the 
accounting artifacts as well (see [9]). The relevance of an artifact is determined by 
its inner environment as well as outer environment [9]. Inner environment indicates 
the substance and practice of an organization, whereas outer environment means 
how an organization operates in its surroundings. If inner environment can match 
outer environment appropriately, or vice versa, the artifact will survive with objec-
tives [10]. Therefore, practice of accounting which is tied with ICT and the demand 
of stakeholders claim investigation.

This chapter aims to investigate the adoption of ICT in PSA of Bangladesh: its 
scenario, usage, and impacts. Bangladesh, a South Asian country, is reforming the 
PSA since the independence in 1971. A number of reformations have been initiated 
and are executed in PSA of Bangladesh. Most of the reformations have been exe-
cuted with the associations of donor agencies [11]. As a process of reformation, an 
integrated reform is ongoing in the public financial management under the banner 
of “Strengthening Public Expenditure Management Program (SPEM)” since 2007 
which is expected to end in 2018. The SPEM is a multi-donor-funded project which 
is administrated by the World Bank. In the project SPEM, an ICT-based mechanism 
has been introduced in PSA of Bangladesh named Integrated Budget and Accounting 
Systems (iBAS) [11]. After the primary introduction of the iBAS in Bangladesh, its 
problem has been identified, and the iBAS has been modified (iBAS to iBAS++), 
reintroduced, and re-implemented. Currently, the Office of the Controller General 
of Accounts (CGA), which is in charge of PSA in Bangladesh, is using the iBAS.

It seems that investigation of ICT adoption in the PSA of Bangladesh can add 
value for developing countries. As ICT is now recognized as a catalyst of growth 
and transformation [12], and as there exist a high degree of commonality between 
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accounting and information systems (see [13, 14]), its effectiveness and dissemina-
tion experience is worthy to explore. Researchers have agreed that the diffusion of 
ICT can ensure the development and better governance [15, 16].

The aim of this chapter is fourfold. After disclosing the methodology, theo-
retical background has been investigated first. Second, introduction, modifica-
tion, and usage of the iBAS in the PSA of Bangladesh have been discussed. 
Third, impact of the iBAS has been investigated, and finally a constructive 
discussion has been drawn.

6.2  Methodology

To conduct the study, theoretical ground has been investigated on whether ICT can 
play role for accounting. The common ground of ICT and accounting has been 
focused as well. The role of ICT and PSA in the development of a country has been 
searched. To get knowledge on the iBAS of Bangladesh, various documents have 
been collected and analyzed critically. Documents have been collected from the 
World Bank, the Ministry of Finance (MoF) of Bangladesh, the Office of the 
Controller General of Accounts (CGA), the Office of the Comptroller and Auditor 
General (C&AG), and other organizations of Bangladesh which are involved with 
the PSA. To understand the impact of ICT, 16 months data (from September 2014 
to December 2015) of bill passing and check clearing from the local government to 
the central government of Bangladesh have been analyzed. Time span of data col-
lection have been selected considering the availability and reliability of data. 
Through the analysis and justification, it has been tried to understand the usage of 
ICT in PSA, its effectiveness, and probable contribution to the development of a 
developing country.

It should be noted here that a number of developed countries and developing 
countries have reformed the PSA.  Although the scenario of developing and 
developed countries are a bit different (e.g., [17]), a growing number of countries 
are trying to adopt or promise to adopt modified PSA to ensure the transparency 
[4, 18–20]. Research indicates that intentions and modification path of PSA in 
developed and in developing countries are different [17, 21, 22]. However, it 
seems that the ultimate aim of reformation of PSA is to transform the PSA from 
budgetary or cash basis accounting to accrual basis accounting. But, it has been 
seen that in developing countries, resources are not adequate to transform the 
PSA in accrual basis directly. Therefore, gradual developments in infrastructure 
have been suggested by scholars (e.g., [18–20]). The adoption of the ICT can be 
seen as an infrastructural change rather than methodological change (cash basis 
vs accrual basis) of PSA. It should be noted that many countries are not thinking 
about the accrual basis or alternative standards of accounting to reform the PSA 
[23]. In this case, ICT can play a significant role to increase the efficiency of PSA 
regarding the transparency and accountability of accounting. From this notion, in 
this chapter, the usage of ICT in PSA and its impact has been investigated.
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6.3  ICT and PSA: Theoretical Underpinnings

Researchers have mentioned that although accounting and information systems 
(IS) are different, there exists a high degree of commonality between them 
[13]. In mainstream research of accounting, it has been mentioned that 
Information and Communication Technology has impact on the transparency 
and efficiency of accounting [9, 24]. In previous researches, both the ICT and 
efficient public sector accounting (PSA) are recognized as a catalyst for the 
development of a nation [5, 12, 25, 26].

Accounting has been suggested to be used as a tool for promoting good 
governance and the public interest [27, 28]. Researchers have mentioned that 
instead of simple financial recording, a broader concept of integrated finan-
cial management and stewardship over the effective and efficient use of 
financial and other resources in all areas of government operations can ensure 
the accountability [29]. Public accountability is also the focal issue in mod-
ern democratic governance. The government must be accountable to public 
for their acts and omissions, decisions, policies, and expenditures [30]. The 
concept of accountability is closely related to accounting. At least two fea-
tures are involved with the term public accountability. First, the term public 
relates to the openness. The account giving is done in public, i.e., it is open 
or accessible to citizen [30]. Second, public refers to the public sector. In 
fact, accountability is usually defined as a social relationship in which an 
actor feels an obligation to explain and to justify his tasks to other [31, 32]. 
It seems plausible to say that through the efficient PSA, government can 
explain and justify its expenditure to the stakeholders. Public sector account-
ability is urged where there are enforced consequences for ineffective or 
poorly executed performance, outcomes, or policies (e.g., [26], p.  142). In 
developing countries, ineffective performance, outcomes, and policies are 
visible very often [33]. Therefore, developing nations are demanded to per-
form efficiently from various stakeholders for a long time. It has been agreed 
that through the efficient PSA, it is possible to ensure the transparency and 
the efficient use of public expenditure. Therefore, the reformation of PSA is 
demanded for the development of the developing nations [5].

Like the accounting, ICT is recognized as a catalyst for development and 
better governance [15]. It has been mentioned in previous researches that 
ICT can mitigate corruption and enhance the development of a nation. 
Corruption is defined as an act in which the power of public office is used for 
personal gain by violating the rules [34]. In many researches, public sector 
has been recognized as a primary enabler of corruption (e.g., [33, 35]). In the 
public sector, corruption can drive macroeconomic instability by increasing 
fiscal deficit which can be created by raising public expenditure and lower-
ing the amount of tax received [36]. Corruption has multidimensional effect 
on a nation, e.g., discourages investment, alters the composition of govern-
ment expenditure, limits economic growth, limits mission of reducing pov-
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erty, and so on [36, 37]. Very often, corruption impacts on the poorer segment 
of the population in developing countries and may result in exacerbating 
income inequality [26]. The country analysis of different international orga-
nizations (e.g., World Bank, International Monetary Fund) indicates that 
corruption intensifies the income inequality and poverty [36, 38]. Researchers 
have mentioned that by controlling corruption, economic development and 
competitiveness of the country can be ensured, social condition can be 
improved, and poverty can be reduced [36]. It has been found that a number 
of factors induce corruptions in public sector including regulation that cre-
ates artificial limitation on goods or services, rigid bureaucratic traditions, 
lack of transparency, examples of corruption set by leaders, and others [39]. 
Previous researches find that the efficient usage of ICT can dismantle the 
enablers of corruptions [26]. ICT in the public sector has been recognized as 
a mechanism that increases efficiency and transparency and improves 
accountability in public administration procedures and management to pro-
vide better services [15, 25, 40, 41]. ICT (as a mechanism of e-Government) 
can achieve the thing that is demanded in the concept of NPM.

ICT can play role for PSA. ICT can work as a continuous auditing mechanism 
in the public sector accounting. Previous researches indicate that the concept of 
continuous auditing (CA) is not new in accounting and auditing area (see [42]). 
Positive impact of CA has been noticed by the researchers as well. It is mentioned 
by the researchers that CA could:

• Change the generation and dissemination of business intelligence by providing 
real-time reporting of financial results

• Change system assurance by providing artifacts for more efficient and effective 
independent audits of company financial statement

• Change the design and operation of internal controls by providing artifacts for 
monitoring transactions and identifying anomalies [9]

It is agreed that CA is normally adopted as a mechanism for monitoring transac-
tions and identifying anomalies.

As both the ICT and accounting are the catalyst of development and as ICT has 
positive impact on accounting, therefore, it seems plausible to say that the combi-
nation of accounting and ICT in PSA can lead the development of developing 
nations. However, it should be reminded that both the success and failure are seen 
in the performance of ICT in public sector [43]. A significant number of ICT proj-
ects in public sector are ended with disappointing failure [44]. Some empirical 
researches show that performance of ICT in public sector depends on the inten-
tion to use and facilitating conditions of ICT [41]. It has been observed that in 
spite of strong stakeholders support in emerging economy, ICT projects struggled 
to meet their objective [45].

6 Strengthening the Public Sector Accounting Through ICT: The Experience…
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6.4  iBAS: Introduction, Modification, and Usage 
in Bangladesh

6.4.1  Introduction of the iBAS

As it has been mentioned, to ensure the transparency and to cope with the concept 
of NPM, the government of Bangladesh tempted to reform the PSA. Most of the 
reformations of PSA have been executed with the association of the donor agencies. 
PSA of Bangladesh is originated in the mid-1800s, the days of British-occupied 
India. After the independence in 1971, a number of reformations have been exe-
cuted in PSA, and a number of reformation initiatives have been taken with the 
association of donor agencies. Strengthening Public Expenditure Management 
(SPEMP) is such a multi-donor trust fund program that started in 2007 and expected 
to end in 2018. The iBAS is introduced under the SPEMP project, and still the iBAS 
is under the process of development [11]. The SPEMP is funded by UK aid from 
Department of International Development (DfID), Danish International Development 
Agency (DANIDA), and European Union, and the project is administrated by the 
World Bank. The objectives of SPEMP are:

• Strengthen and modernize core institutions of budgeting within the government 
with particular emphasis on introducing a performance orientation in public 
financial management

• Enhance demand for better budget outcomes by improving the effectiveness of 
formal institutions of financial accountability, in particular Comptroller and 
Auditor General’s Office and the financial oversight committee of the 
parliament

Consisting with the objective of SPEMP, the iBAS is introduced in Bangladesh 
regarding the public finance management, especially focusing on the infrastructural 
strength of PSA. The iBAS can be identified as a ICT mechanism that helps to con-
duct transactions within the government (G2G), between government and business 
(G2B), and between government and citizen (G2C).

The iBAS was developed from the earlier Transaction Accounting System (TAS). 
The TAS was based on old technology and was accused of unsuitable functionality 
and unsustainable technology. The iBAS was primarily considered as the modern 
replacement of TAS. Initially, iBAS was developed for simple transaction recording 
systems. During the development of the iBAS, authorities were aimed to add budget 
module in the same platform of accounting. However, because of traditional view, 
accounting and budgeting activities were maintained as separate activities.

Normally budget refers to numerical plan under several classifications comply-
ing with the chart of accounts. It includes allocation of budget, amendment of the 
budget, comparison and variance with other data (e.g., actual data or other year’s 
data) relevant to the budget. Accounting refers to recording the transactions 
against the chart of accounts, managing all the budget-related expenditures, and 
communicating the reports to the users. Therefore, it appears that there is a link-
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age and ground for integration between the budget and the accounting. Integration 
refers to systems where data, entered once, is available to fulfill all functions of 
that data without the need to enter the same data again for other functions in the 
one, fully integrated systems [46].

In Bangladesh, the Controller General of Accounts (CGA) office is in charge of 
accounting wing, and the Ministry of Finance (MoF) is in charge of budgeting divi-
sions. Historically, in Bangladesh, budget and expenditure were seen as separate 
activities, and the iBAS had been developed accordingly. Therefore, the primary 
version of Integrated Budget and Accounting Systems (iBAS) fails to integrate the 
task of budget and accounting. In the iBAS, transaction (accounting) was recorded 
first and then the decision to add or amend budget was taken. This procedure ulti-
mately divides the budget and accounting systems. However, it should be noted that 
the preliminary version of iBAS introduced the usage of computer systems and 
established the reliance on computer that provides a ground for developing more 
sophisticated computer-based financial management systems and facilities across 
almost all government finance areas in Bangladesh [46].

6.4.2  Modification of the iBAS

Considering the limitation of the iBAS regarding the integration of budget and 
accounting, renovation of the software has taken place, and the renovation is con-
tinuing for further development. After the reformation, the iBAS++ has taken place 
of the iBAS.1 Integration between budget and accounting has given priority in ref-
ormation. Continuous assessment, monitoring, performance evaluation, and man-
agement are the concern of the iBAS++ to ensure the integration. The flow of 
accounting data as well as the tasks of iBAS++ has been presented in Fig. 6.1.

Figure 6.1 shows the flow of accounting data in Bangladesh that is currently 
maintained by the iBAS++. The PSA operates across the country from the local 
government to the central government. In Bangladesh, the tasks of PSA can be 
divided into several administrative divisions and level which have been presented in 
Fig. 6.1. The office of the Controller General of Accounts (CGA) is the central and 
supreme organization for keeping and maintaining the accounting records for the 
government of Bangladesh. Figure 6.1 shows that accounting data flows from the 
local government to the central unit step by step. In Bangladesh, there are 420 
Upazila Accounts Offices, 64 District Accounts Offices, 6 Divisional Controller of 
Accounts, 51 Chief Accounts Officers, 57 Ministries, and a number of Postal 
Offices, Forest Offices, and Public Health Offices. All these administrations are 
recording and keeping their accounts and transferring the information to the upper- 
level administration which aims to transfer the records to the CGA. All these admin-
istrations are connected through the iBAS systems.

1 For the next sections of this chapter, iBAS and iBAS++ is used interchangeably.
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6.4.3  Usage of the iBAS in the PSA of Bangladesh

At present all the public administration of Bangladesh except the Controller 
and General Defense Finance (CGDF) and the Additional Director General 
Railway are connected through the iBAS for accounting purposes. CGDF and 
the Additional Director General Railways are keeping and maintaining 
accounts independently. In the iBAS systems, Controller General of Accounts 
(CGA) is used as the Central Data Processing Unit (CDPU). As it has been 
mentioned, the key concept to the iBAS design is that data is stored on central 
database (CDPU) and all entry and reporting is possible to access via a single 
common user interface. At present all accounting offices under the CGA are 
fully automated through iBAS.

The responsibility of CGA is to produce monthly and annual accounts for estab-
lishing efficient expenditure control and budgetary management. These tasks can-
not be ensured efficiently unless Chief Accounts Offices (CAOs), Divisional 
Controller of Accounts (DCAs), District Accounts Offices (DAOs), and Upazila 

Ministry of Finance
(MoF)

Controller General of  
Accounts (CDPU)

Divisional Controller 
of Accounts (6)

Monthly 
Accounts

CAOs (51) Ministries (57)

Works, Roads, 
T$T, Postal, 

Forest, Public 
Health etc.

Upazila Accounts 
Offices (420)

District Accounts 
Offices (64)

Bangladesh Bank

ADG 
Railway

CGDF

Fig. 6.1 Flow of accounting data in Bangladesh government (Source: various documents of CGA) 
(where C&AG Comptroller and Auditor General, CGDF Controller and General Defense Finance, 
ADG Additional Director General, CAO Chief Accounts Officer and CDPU Central Data 
Processing Unit)
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Accounts Offices (UAOs) are properly equipped to assume delegated responsibili-
ties [47]. The iBAS is supporting to do this. The accounting data of UAOs, DAOs, 
DACs, and CAOs move forward to the CDPU through the iBAS.

Upazila Accounts Offices (UAOs) perform a number of accounting activities as 
routine task. The Upazila Accounts Offices (UAOs) actively participate in the iBAS 
systems. The Upazila Accounts Offices (UAOs) incorporate monthly accounts in 
the next following month in the central iBAS with the schedule date specified by 
CGA. The Upazila Accounts Offices (UAOs) use the iBAS to settle the audit obser-
vations which are reported by Chief Accounts Offices (CAOs) and Divisional 
Controller of Accounts (DCAs) against UAOs. Upazila Accounts Offices settle 
claims of development expenditure as per authority which is issued by Chief 
Accounts Offices (CAOs) for the centrally administrated Annual Development 
Programme (ADP) budget [48]. The Chief Accounts Offices (CAOs) use the iBAS 
systems as well to monitor the claim of UAOs regarding the ADP budget.

The iBAS helps the preauditing for all accounting administrations including the 
Upazila Accounts Offices (UAOs). Preaudit is an audit approach where payment 
vouchers are reviewed by audit staff before final payment is made. Preaudit ensures 
the internal control and reduces the risk. Accounting and auditing codes are easily 
useable through the iBAS network to perform the preauditing activities. To make 
accounting and reporting easy and effective, accounting codes are used. Through 
accounting codes, user can collect additional data for a transaction which is recorded 
by using systematic code. Through the efficient use of economic code (coding on the 
basis of different economic head) and function code (coding on the basis of accounts 
units), the iBAS has made the accounting data reliable, verifiable, and transparent. The 
preauditing process of iBAS is interchangeable with the concept of continues audit.

Like the Upazila Accounts Offices (UAOs), District Accounts Offices (DAOs) 
incorporate monthly accounts in the next following month in central iBAS within the 
date that has been specified by the Office of the Controller General of Accounts 
(CGA). The District Accounts Offices (DAOs) use the iBAS to reconcile the preaudit 
check to settle all the audit observations and claims of development expenditure as 
CAO imposed the authority on them for the centrally administered ADP budget [49].

Upazila Accounts Offices (UAOs) and District Accounts Offices (DAOs) submit 
the accounting reports to the Office of the Divisional Controller of Accounts 
(DCAs). DCAs incorporate monthly accounts of his/her office, monthly accounts of 
District Accounts Offices (DAOs), and Upazila Accounts Offices (UAOs) under him 
in the next following month in central iBAS within the schedule date specified by 
the Office of the Controller General of Accounts (CGA). Divisional Controller of 
Accounts (DCAs) reconcile preaudit checks of his/her offices as well as of subordi-
nates and reconcile accounts where iBAS plays an important role [50].

In the accounting systems of Bangladesh government, Office of the Chief 
Accounts Officer (CAO) plays an important role. The Chief Accounts Officer (CAO) 
acts as the Staff Officer to the Principal Accounting Officer (PAO)/Secretary of 
Ministry or Division regarding the Accounts and Financial rules [47]. The Chief 
Accounts Officer (CAO) incorporates monthly account in the next following month 
in the central iBAS within the schedule date specified by the Office of the Controller 
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General of Accounts (CGA). The Chief Accounts Officer (CAO) performs some 
focal activities for Bangladesh government where iBAS plays an important role. For 
example, the Chief Accounts Officer (CAO) draws management report from iBAS, 
and the Chief Accounts Officer (CAO) discusses it with the Principal Accounting 
Officer (PAO). The Chief Accounts Officer (CAO) monitors the trend of collection 
of revenue and expenditure by iBAS systems, and the Chief Accounts Officer (CAO) 
advises the Principal Accounting Officer (PAO) on financial discipline. On the basis 
of information obtained from iBAS, the Chief Accounts Officer (CAO) assists the 
Principal Accounting Officer (PAO) in preparation of budget estimate and advice on 
expenditure control. The Chief Accounts Officer (CAO) performs a number of activ-
ities like ensuring correctness of balance of the public account; ensuring correctness 
of accounts of the concerned ministry/division incorporated by Divisional Controller 
of Accounts (DCA), District Accounts Offices (DAOs), and Upazila Accounts 
Offices (UAOs); and settling claims of development expenditure and issues authority 
to DCA, DAO, and UAO for centrally administrated annual development program 
(ADP) budget [51]. For all these activities, the Chief Accounts Officers (CAOs) take 
help from the iBAS.  The iBAS systems have speeded up the activities of Chief 
Accounts Officer (CAO) and other administrations through its functions.

As it has been mentioned, the Office of the Controller General of Accounts (CGA) 
works as the central processing unit of government accounting. It prepares monthly accounts 
of the government where it uses the data that has been provided by the Chief Accounts 
Officers (CAOs), Divisional Controller of Accounts (DCAs), District Accounts Offices 
(DAOs), and Upazila Accounts Offices (UAOs). Through the web page of the Office of the 
Controller General of Accounts (CGA), it continuously discloses the information of differ-
ent accounts to the citizen as well. To do these, CGA takes help from the iBAS [47].

The iBAS ensures consistent flow of accounting data to the Central Data 
Processing Unit (CDPU) at the Controller General of Accounts (CGA). The iBAS 
with Wide Area Network (WAN) arrangement among Upazila Accounts Offices 
(UAOs), District Accounts Offices (DAOs), Divisional Controller of Accounts 
(DCAs), the Chief Accounts Officers (CAOs), and the Central Data Processing Unit 
(CDPU) is allowing availability of nationwide individual transaction/voucher infor-
mation and expenditure per budget line to date. At the same time, CGA is disclosing 
the information publicly through the website of CGA where CGA is taking help 
from the iBAS continuously. Therefore, it can be mentioned that the iBAS is help-
ing to ensure the accountability of public expenditure.

6.5  Impact of the iBAS: Evidence from Recorded Data

In the previous section of this chapter, it has been seen that the iBAS helps 
all the accounting administrations of government to keep accounts, and it 
prompts interaction among them. The iBAS helps to monitor the activities 
and control the expenditure as well. At the same time, iBAS helps CGA to 
publish data of accounting publicly.
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To assess the effectiveness of the iBAS on the efficiency of public accounting 
administrations, we collected 16 months data on bill passing and check clearing 
from the CGA’s information technology (IT) team. The IT team of the Office of the 
Controller General of Accounts (CGA) collected this data randomly from the Chief 
Accounts Officers (CAOs), Divisional Controller of Accounts (DCAs), and District 
Accounts Offices (DAOs) to monitor the daily accounting activities and to increase 
the efficiency of using computer systems. The IT team of the CGA disclosed data 
from September 2014, and the data is available up to December 2015.

These data have been disclosed publicly. The performance of bill passing and 
check clearing has been measured by four scales, namely, Excellent, Very Good, 
Good, and Phone Call. If the bill passing and check clearing are executed within or 
less than 3 days, it is marked as Excellent. If the bill passing and check clearing are 
executed between 4 and within or less than 5 days, it is marked as Very Good. If the 
bill passing and check clearing are executed between 6 and within or less than 
7  days, it is marked as Good. If bill passing and check clearing take more than 
7 days, it will follow up by the phone call and is marked as Phone Call. The activi-
ties of bill passing and check clearing are monitored by the iBAS daily, and it marks 
the performance automatically.

By analyzing the data, we have tried to understand the trends of perfor-
mance. The trends have been presented in Fig. 6.2. It shows that over the period, 
performance of bill passing and check clearing is improving. The number of 
follow up by Phone Call is decreasing. Over the period, performance marked 
as Excellent is increasing.

To understand the situation more clearly, we have analyzed the number of 
maximum days, minimum days, and average days required for bill passing 
and check clearing over 16  months period. Figure  6.3 shows that over the 
period, required maximum days and average days for bill passing and check 
clearing are decreasing.

From Figs. 6.2 and 6.3, it seems plausible to say that the continuous monitor-
ing, feedback, and corrective actions through the iBAS have improved the situa-
tion of bill passing and check clearing. As bill passing and check clearing are the 
tasks of accounting, it also indicates the gradual improvement of the efficiency 
of PSA of Bangladesh.

6.6  Discussion

The accounting value chain is complex, and it involves a number of practical issues 
[9]. Therefore, success of the iBAS has to be monitored for a long time to draw 
conclusions as well as to make it more compatible for the environment of Bangladesh.

From the discussion of the functions of different accounting administrations 
(UAOs, DAOs, DCAs, CAOs), it appears that iBAS helps to speed up the activities 
and helps continuous monitoring. In fact, the positive impact of the iBAS on PSA is 
expected naturally as previous studies show evidence of positive impact of 

6 Strengthening the Public Sector Accounting Through ICT: The Experience…



82

0

10

20

30

40

50

60

70

Se
p/

14
O

ct
/1

4
N

ov
/1

4
D

ec
/1

4
Ja

n/
15

Fe
b/

15
M

ar
/1

5
A

pr
/1

5
M

ay
/1

5
Ju

n/
15

Ju
l/1

5
A

ug
/1

5
Se

p/
15

O
ct

/1
5

N
ov

/1
5

D
ec

/1
5

Fr
eq

ue
nc

y 
of

 p
er

fo
rm

an
ce

 fo
r 

bi
ll 

pa
ss

in
g 

an
d 

ch
eq

ue
 c

le
ar

in
g 

Phone Call

Good

Very Good

Excellent

Fig. 6.2 Trends of bill passing and check clearing performance (Source: developed from the data 
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ICT. Impact of ICT in public sector entities has been investigated by many researches 
(e.g., [43, 52]). To improve the managerial process in the public sector, the use of 
ICT has been recommended in many research works [53]. In case of Bangladesh, it 
seems that both the iBAS and the managerial efficiency of accounting have improved 
over the time.

The things that the iBAS is providing for the PSA can be justified with the con-
cept of continuous auditing (CA). The iBAS is actually doing the tasks (e.g., preau-
diting) that are expected from the CA of accounting systems. As it has been 
mentioned, by reducing interactions with officials, speeding up decisions, reducing 
human error, and enabling record keeping functions, e-Governance (through ICT) 
can reduce corruption (see [27]), and it is expected that iBAS will do the same thing 
for Bangladesh. Not only the internal efficiency but also the public accessibility is 
ensured through the iBAS which ultimately may enhance the accountability.

Researchers have mentioned that ICT (as a mechanism of e-Governance) expand 
citizen’s access to public information, increase transparency and public account-
ability, and weaken authoritarian tendencies [26, 54]. Empirical researches indicate 
that e-Government through ICT can mitigate corruption and can enhance the posi-
tive relationship between the citizen and government [55]. iBAS provides public 
access to information that ultimately supports the accountability. The CGA in 
Bangladesh is providing information on PSA on the website through the 
iBAS. Therefore, it seems plausible to say that the iBAS is helping to enrich the 
accountability in the PSA of Bangladesh.

The overall discussion on the iBAS states that it is helping both for the efficient 
managerial process and for public accountability regarding the PSA. As it has been 
found in previous literature, efficient managerial process in public administration 
and accountability can ensure transparency and work as accelerator for develop-
ment; it is expected that the iBAS will play the same role for Bangladesh. ICT can 
play an important role to develop the economy-related factors in the developing 
nations [26]. The iBAS as a mechanism of ICT is expected to perform similarly. The 
iBAS has helped the Government of Bangladesh (GoB) and the Ministry of Finance 
(MoF) to make considerable step to move forward to the use of computers and 
network-based financial systems. It can improve the speed of reporting, can 
strengthen the control, and can improve the overall performance of public financial 
management as well as the public sector accounting.

However, it should be noted that ICT does not guarantee the success or develop-
ment. It is agreed that information technology itself cannot ensure transparency and 
accountability (e.g., [56]). This statement also is true for the iBAS. ICT projects (as 
a mechanism of e-Government) are not always the outcome of planned and con-
trolled change management activities [25]. E-Government or ICT projects often 
emerge from a set of complex relationship which exist between e-Government 
 policies, technological choice and design, and political and institutional environ-
ments [25, 57]. The introduction of the iBAS in Bangladesh can be explained from 
the above statement. There are continuous pressures on Bangladesh from different 
donor agencies to reform the PSA. Donor agency pressures along with other factors 
(e.g., technological choice and design and government policies) together have intro-
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duced the iBAS in Bangladesh [11]. Therefore, for sustainable success of the iBAS, 
surrounding environment has to be monitored carefully. Numerous spectacular fail-
ures of ICT are seen in the public sector [58–60]. A number of factors have been 
suggested to consider for the success, namely, needs of users, process, and systems 
of ICT, levels of uses, lack of choices or forced choice, trust, readiness to usage IT, 
cost versus quality, and coordination of success. Attention on the citizen engage-
ment has been advised in the public administration as well [61]. Researchers have 
noticed the interrelationship among ICT, functions of ICT, transparency, account-
ability, and development in the literature on ICT and development (e.g., [26, 56]). 
Efficiency of information technology depends also on the planning and design. To 
reduce the corruption through ICT, concern of transparency and accountability 
should be integrated into the public service, providing systems from the planning to 
design phase (e.g., [62]). Reliable and accurate record keeping is identified by 
researchers as the foundation of transparency (e.g., [26]). Moreover, bureaucratic 
corruption has to be monitored and controlled carefully. In developing nations, 
bureaucratic corruption induces from lack of formal rules and regulations, lack of 
transparency, and other informalities of process [33]. To make the iBAS fruitful for 
the economic development, all these factors have to be considered.

6.7  Conclusions

The chapter introduces the usage of Information and Communication Technology 
(ICT) in the PSA of a developing country. It should be noted that the iBAS has 
improved the structural strength of public sector accounting rather than methods 
(cash basis vs accrual basis). The introduction and development of the iBAS has 
improved both the managerial process of PSA and public accountability. It has 
speeded up the accounting activities among the different public accounting admin-
istrations and levels. At the same time, by helping CGA to disclose information 
publicly, the systems have strengthened the attempt of ensuring public accountabil-
ity. By helping to conduct interactions within the government (G2G), between gov-
ernment and business (G2B), and between the government and citizen (G2C) 
simultaneously, the iBAS is serving the multi-facets. Through disclosing the infor-
mation publicly and ensuring the effective interactions among stockholders, the 
iBAS is expected to contribute to the efficient public expenditure. And it is agreed 
that efficient public expenditure can alleviate the poverty. The developing countries, 
which are suffering from lack of resources to implement accrual basis accounting, 
can use ICT like the iBAS to enhance the strength of PSA.

For the sake of development and alleviation of poverty, future research can drive 
to theory building or find better artifacts to bring PSA and ICT together, or it can 
work on the interconnection between the disciplines.
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Chapter 7
Potentials and Challenges of Using ICT 
for Climate Change Adaptation: A Study 
of Vulnerable Community in Riverine Islands 
of Bangladesh

Nuzhat Imam, Md Khalid Hossain, and Toma Rani Saha

Abstract Bangladesh is highly vulnerable to different impacts of climate change. 
It is argued that ICTs play a vital role in addressing the major challenges related to 
climate change. ICTs are widely used for communicating the information required 
for climate change adaptation through raising awareness at the grassroots level, 
providing access to relevant information, and facilitating learning and sharing of 
practical knowledge at the community level. Despite its usage, the existing and 
potential role of ICTs in climate change adaptation in Bangladesh is not notably 
evident in the literature. The literature hardly presents the potentials and challenges 
from an empirical perspective where vulnerable community offers the related per-
spective. Consequently, the paper explores potential uses of ICTs as adaptation 
tools and the associated challenges, with particular focus on agricultural adaptation 
and disaster risk reduction from community perspective. The research has been car-
ried out among the climate vulnerable riverine island (char land) communities liv-
ing in four villages of Sirajganj District in Bangladesh. The study reveals how 
people are getting the benefits of ICTs in adapting to climate change impacts. The 
study suggests that there are huge untapped potentials of using ICTs in climate 
change adaptation and proposes an improved governance framework.
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7.1  Introduction

Due to her geographical location, high density of population, and poverty, 
Bangladesh is highly vulnerable to natural disasters. Tropical cyclones, floods, and 
droughts are the main meteorological disasters which affect the environment, ecol-
ogy, livelihood, and socioeconomic development of the country. Currently, the fre-
quency of disasters associated with all types of major natural hazards is increasing, 
and disasters associated with hydrometeorological hazards (cyclones, droughts, and 
floods) are increasing in frequency and at a faster rate than disasters associated with 
geophysical hazards [29]. According to the recent records, climate change such as 
the increase of temperature, increase of rainfall and its variability, and sea level rise 
have caused higher impacts on the environmental and social system. Consequently, 
Bangladesh is exploring different options to adapt to the changing climate and infor-
mation and communication technology (ICT) is considered as one of the options.

As already evident, information and communication technology (ICT) plays a 
vital role for socioeconomic development and addressing the major challenges 
related to climate change as well as sustainable development. ICTs are widely used 
for communicating the information required for climate change adaptation through 
raising awareness at the grassroots level, providing access to relevant information, 
and facilitating learning and sharing of practical knowledge at the community level 
[24]. In Bangladesh, ICTs are also used for strengthening the adaptive capacity at 
local, regional, as well as national level. With increasing availability of ICTs even in 
rural areas of the country, an exceptional opportunity has been developed to improve 
the creation, management, exchange, and application of relevant climate change 
information and knowledge.

Despite its usage, the existing and potential role of ICTs in climate change adap-
tation in Bangladesh is not very evident in the literature. Majority of the studies on 
application of ICT tools are focused on the governance aspect of the digitalization 
of mainly public services [26, 32, 63]. It has been found that so far, climate change 
governance literature highlights the role of ICTs in climate change adaptation 
mainly from a conceptual perspective. The literature hardly presents the potentials 
and challenges in this regard from an empirical perspective where vulnerable com-
munity offers the related perspective. Consequently, this chapter explores potential 
uses of ICTs as adaptation tools and the associated challenges, with particular focus 
on agricultural adaptation and disaster risk reduction (DRR) from community per-
spective by carrying out a research among the climate vulnerable riverine island 
(char land) communities living in four villages of Rajapur and Chowhali Upazila of 
Sirajganj District in Bangladesh.
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7.2  Climate Change in Bangladesh

7.2.1  Climate Change Impacts

Bangladesh is highly vulnerable to climate change because of its geographical loca-
tion, physiographic condition, high density of population, poverty, and dependence 
on climate-sensitive livelihood sectors [3, 4]. Various natural disasters such as 
floods, droughts, tropical cyclones, storm surges, and coastal erosion are yearly 
phenomena of the country causing heavy loss of life and property [10]. The fre-
quency and severity of these natural disasters are increasing and causing higher 
impacts on the environmental and social system. The Met Office Hadley Centre [40] 
provided a prediction of future climate conditions of Bangladesh by using the cli-
mate model projections from the fourth Assessment Report of the Intergovernmental 
Panel on Climate Change (IPCC). The report reveals that by 2100, temperature 
would increase 3–3.5 °C and rainfall would increase by 5–10% over Bangladesh.

In Bangladesh, the frequency of monsoon flood is increasing, and it is pre-
dicted that extreme floods like those in 1988 and 1998 would occur more often 
and environmental damage would be more as a result of climate change [5, 41]. 
Moreover, it is likely that in future the tropical cyclones will become stronger due 
to climate change. In South Asia, the tropical cyclones can be 10–20% more 
powerful if sea surface temperatures rise by 2–4 °C [20]. On the other hand, in 
recent years, the frequency and severity of droughts has increased in Bangladesh 
under climate change scenario [55]. A study by Selvaraju et al. [53] revealed that 
from 1800 to 1900, the numbers of droughts were only five, whereas from 1981 
to 2005, four major droughts occurred in Bangladesh. It is also expected that 
larger area would be affected during droughts and the severity would also increase 
due to global climate change [34, 55].

Food security in Bangladesh is highly vulnerable to climate change and particu-
larly to the impact of amplified flooding that might be caused by climate change [23, 
42]. Besides, high temperature has negative effect on crop production. Studies 
found that due to temperature rise at higher level, production of Aman (rain-fed) rice 
would be negatively affected [38], and the prospect of growing potato and wheat 
would be severely affected [35]. Moreover, sea level rise of 1 m combined with a 
10% intensification of the present 1-in-100-year storm surge could affect around 
23% of Bangladesh’s total coastal land area [40]. In addition, higher temperatures 
along with potential increases in precipitation will create condition for spread of 
many infectious diseases [54]. Feldacker [25] observed that in Bangladesh, increase 
of cholera is associated with the increase in sea surface temperature (SST). Increased 
temperatures in the water bodies could also have negative impact on fisheries [11]. 
Furthermore, forest ecosystem and biodiversity would be at higher risk due to cli-
mate change, such as increased moisture stress in the Barind (dryland) and 
Madhupur (large upland area in north central part) Tracts, prolonged flood situa-
tions in flood-prone areas, and cyclone and storm surges in coastal area [7].
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7.2.2  Climate Change Adaptation

The people at the local level of Bangladesh are adapting themselves through a series 
of adaptation options for many years [9, 12, 56]. The country has taken several 
national adaptation strategies at local level. In 2005, Ministry of Environment and 
Forests (MoEF) prepared Bangladesh National Adaptation Programme of Action 
(NAPA) to identify priority adaptation projects based on existing coping mecha-
nism [44]. In 2009, MoEF developed the Bangladesh climate change strategy and 
action plan (BCCSAP) which identified six program areas for climate change adap-
tation and disaster preparedness [43]. Besides, some components of climate change 
adaptation are addressed by various sector specific policies [4, 50, 62]. Moreover, 
the Government of Bangladesh also formed Bangladesh Climate Change Trust 
Fund (BCCTF) to provide financial resources to advance climate change-related 
activities. In addition to government, NGOs, CSOs, CBOs, and many voluntary 
organization and associations have also been engaged in climate change adaptation. 
Furthermore, a few of the leading research organizations and think tanks in the 
country such as BCAS, IUCN, BIDS, CNRS, etc. are implementing several climate 
change adaptation (CCA)- and disaster risk reduction (DRR)-related program, 
researches, and other activities [58].

To adapt with climate change impact and to reduce the loss and damage, different 
practices are being carried out in the agriculture sector of coastal areas, such as, 
floating garden, integrated farming, saline-tolerant crop cultivation, embankment 
cropping, plant bed raising, dyke cropping at the shrimp farming area, etc. [2, 52, 
56]. Moreover, while salinity intrusion is a serious problem for agriculture in coastal 
areas, Bangladesh Rice Research Institute (BRRI) and Bangladesh Institute of 
Nuclear Agriculture (BINA) have developed saline-tolerant rice varieties [18], and 
farmers have started using these varieties [19, 21, 59]. Besides, various non-rice 
crops such as maize, oil seeds, bean, etc. are also getting popularity in Patuakhali 
and Satkhira districts to cope with high salinity problem [19, 49].

The people are also taking different adaptation measures to cope with flood and 
cyclone. Among these practices, flood and cyclone shelters, coastal and flood 
embankments in the flood-affected and coastal areas, raising of plinth to protect 
homesteads from the risks of climatic disasters, and tree plantations around home-
steads in the flood plains and drought-prone areas are the major effective structural 
adaptation options in Bangladesh [9, 52]. In the drought-prone areas, people are 
practicing different traditional approaches for water retention such as excavation of 
ponds and rainwater preservation in khari or canals. They are also practicing alter-
native livestock and poultry/birds rearing, deep water tube-well facilitated irriga-
tion, etc. [6]. The farmers of drought-prone areas have adopted tillage methods, crop 
diversification, and various agronomic practices to get maximum yield using avail-
able water [30, 39]. Besides, the Union Disaster Management Committee (UDMC), 
the community members, and the Bangladesh Meteorological Department (BMD) 
are playing an important role to disseminate early warnings to the people and to 
identify potential interventions for a successful response and recovery.
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7.3  ICT for Climate Change Adaptation

7.3.1  Global Perspective

ICTs play a very crucial role to lessen the various impact of climate change particu-
larly in adaptation and mitigation through exchanging and transferring knowledge 
and information. People of many developed and developing countries are using ICT 
services in agriculture, health, early warning, and disaster risk reduction sectors. As 
for example, India has developed Internet portal to provide online agro-met advice 
and to provide related information to the farmers. Studies suggest that farmers can 
increase production by 10% if they have access to good agro-met advisories [14]. 
Besides, in India, community access to locally relevant knowledge are facilitating 
through an integrated knowledge-based traditional and new web media, Web 2.0, 
internet, and mobile phones, helping locals to better adapt within a context of high 
vulnerability to extreme weather events and food insecurity [32]. In order to adapt 
to the impact of climate change in agricultural sector, India has already introduced 
some modern technologies, such as in Haryana, people are using laser-assisted pre-
cision land leveling as well as “GreenSeeker” and “leaf color chart” for ensuring 
best nutrient management. Such site-specific nutrient management technologies are 
also practiced in Africa and Mexico [22].

Most of the African Countries have identified many new applications of ICTs to 
adapt to the impact of climate change. In Uganda, Community Knowledge Workers 
(CKWs) network has been developed which acts as the center for disseminating 
information to community farmers. On the other hand, Malawi has introduced a 
community-based Participatory Geographic Information Systems (PGIS) Program 
to build a centrally located model which can be used to determine current and future 
water needs [22]. In Burkina Faso, the community radio has become a necessary 
media service to the community to increase the awareness about the local effects of 
climate change [36]. In Zimbabwe, ICT services are widely used for early warning 
systems, urban and rural planning, health services, and education [64]. In 
Madagascar, participatory videos and digital storytelling are being used to stimulate 
community debates over climate change issues and raise their concerns to decision- 
makers and broader audiences [32]. Similarly, Uganda has developed a Rural 
Communications Development Fund (RCDF) for communicating climate change 
adaptation-related information [8].

Besides, some countries are developing new technologies to transmit the latest 
climatic information at the community level. For example, the Philippines has 
installed about 1,000 automatic weather stations (AWS) to provide short-range fore-
cast and accurate real-time weather information [60]. Kenya and Zambia are using 
ICT services for early warning in different ways, providing weather-related press 
releases and transferring information through interaction with media personnel as 
well as public service announcements through radio and TV channels, Internet and 
Mobile Apps, and SMS and messaging [57, 60].
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7.3.2  Bangladesh Perspective

According to the study of BBS [16], in Bangladesh, 79% of individuals aged 5 years 
and above are using Internet. In Bangladesh, at the beginning of 2014, the mobile 
subscriber penetration reached to 40%, and it is expected to grow to 50% by 2020 
[28]. The national ICT Policy 2009 provided emphasis on climate change adapta-
tion and disaster management through early warning and geographic information 
system (GIS) and remote sensing services. For utilizing these services of ICTs, 
there are a growing number of initiatives for using ICTs for climate change adapta-
tion (CCA) and disaster risk reduction (DRR) both in government and nongovern-
ment sector in Bangladesh [27]. The Government of Bangladesh initiated a range of 
information and communication technologies for development (ICT4D) projects 
for rural and remote communities to provide agriculture- and climate-related infor-
mation [14, 37]. As a part of this, the government established some Union 
Information and Service Centre (UISC) to ensure the access of rural underprivi-
leged communities to ICT [33]. People living in remote areas are able to access the 
internet through the union and community centers, and they are getting internet 
services including videoconferencing and e-commerce services as well as commu-
nication hub during disaster and early warnings [26]. Along with the government, 
some private organizations, mobile phone companies, and NGOs have also started 
different ICT4D projects all over the country. BRAC, a leading NGO, introduced an 
ICT4D project, recognized as “Gonokendra Pathagar” (People’s Central Library) 
in the rural areas of the country [13].

In Bangladesh, ICTs are used for climate change adaptation in the agriculture 
sector. Some local NGOs are providing ICT supports for agriculture. A local NGO, 
Shushilan, has provided ICT-based plant clinics called “plant doctors” in Satkhira. 
This technology integrated some ICT tools such as mobile phone, GIS and google 
earth, digital camera, and multimedia as well as suggestions from agricultural 
experts for ensuring climate resilient agricultural practices [31]. In Khulna, people 
are using agricultural knowledge management system (AKMS) for getting informa-
tion about climate-resistant seeds and crops, irrigation, and land preservation [17]. 
Heeks and Ospina [32] stated that in the southwest region of Bangladesh, people are 
using ICTs for agricultural adaptation, and they are getting information about 
saline-tolerant cropping varieties, eco balanced organic and hydroponic farming, 
fish cultivation in flooded water bodies, and other climate change adaptation strate-
gies. ComDev is another service in the northwestern drought-prone areas and in the 
high saline coastal areas to improve the adaptive capacity and to ensure sustainable 
livelihoods in the agriculture sector of these areas [26]. Beside these, in Bangladesh, 
GIS and remote sensing technologies are used for developing casualty maps for 
determining the vulnerability of an area, risk mapping, and storm surge modeling, 
cyclone forecasting damage assessment, mapping of afforested and deforested 
areas, and mapping of water resources [48, 51, 63].
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7.4  Research Context

The potential of information and communication technology (ICT) in reducing 
energy use, cutting GHG emissions and supporting adaptation efforts, and helping 
to build the resilience of communities have been gradually getting momentum in 
global climate change discourse over the last few years. In November 2013, in 
Warsaw, Poland the UN Climate Change secretariat launched a new partnership 
with the Global e-Sustainability Initiative (GeSI) to give emphasis to the important 
role ICT plays in addressing climate change [61]. Exploring the potentiality of the 
critical role that ICT can play in putting the world on a low-carbon path and how it 
can help responding to adaptation challenges has been given importance by the 
highest level of policy-makers at the UNFCCC [47]. Increasing interest by the gov-
ernments, NGOs, and private sectors in both developed and developing counties 
has been noticed in implementing innovative initiatives, largely on mitigation, but 
also on adaptation [45]. Exploring the linkages between the information technol-
ogy and sustainable development started in the late 1990s, shifting their focus from 
broader global environmental issues to CO2 emissions in the early 2000s. However, 
these explorations focused mainly on addressing the developed country priorities 
with regards to climate change [45, 46] which have also been reflected in a preva-
lent focus on mitigation in relevant literature. However, a growing body of litera-
ture at global level indicates the emergence of adaptation priorities of developing 
contexts and the potential of ICTs [45, 46].

Bangladesh started working on ICTs as a development enabler from the early 
years of 2000 [1]. In the wake of Digital Bangladesh agenda, there are a growing 
number of initiatives in using ICTs for climate change adaptation (CCA) and disas-
ter risk reduction (DRR) both in government and nongovernment sector in 
Bangladesh [46]. Despite the empirical presence, the existing and potential role of 
ICTs in climate change adaptation in Bangladesh is not very evident in the literature 
and therefore comprises a very new field of enquiry to be explored further. The 
priorities and perspectives of climate vulnerable communities should be at the cen-
ter of this enquiry to get a holistic view of potential of ICTs in addressing the cli-
mate change and associated challenges. However, in reality, there is little empirical 
information on the interplay between use of ICTs and climate change adaptation in 
climate vulnerable communities in Bangladesh. It is therefore important to explore 
further on this. The current research has been undertaken to contribute in filling this 
gap by investigating the role of ICT in adaptation among communities living on the 
fringe of development parameters and at high climate risk. It is recognized that cli-
mate change impacts manifest more severely in developing contexts, increasing 
existing vulnerabilities, poverty, and resource deprivation.
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7.5  Research Design

7.5.1  Research Sample

The research has been carried out among the climate vulnerable char (Riverine 
Island) land communities living in four villages of two Unions (Rajapur and 
Ghorjan) of Sirajganj District of Bangladesh, which are prone to flood and river-
bank erosion and where the impacts of climate change are already being felt. 
People who live in “chars” (river islands formed from sedimentation) are extremely 
vulnerable to natural disasters like flood and riverbank erosion and are also 
deprived of most of the development facilities because of their physical remote-
ness. Two of the four study villages are connected with the national power grid, 
and the rest two villages depend on solar home system for power supply, which 
offered various dimensions in study findings.

Among the two unions, Rajapur Union of Belkuchi Upazilla (sub-district) occu-
pies an area of 6,178 acres with a population of 48,331 [15]. On the other hand, in 
Ghorjan Union of Chauhali Upazilla, the total area occupies an area of 6,993 acres 
with a population of 18,478 [15]. Like the unions, Chouhali Upazilla is larger than 
Belkuchi, but Belkuchi is more densely populated compared to Chauhali. This is 
because a large portion of Chauhali is river and always under threat of riverbank 
erosion. Belkuchi is more developed compared to Chauhali in terms of literacy rate. 
However, both are lower than the national average. In terms of economic activity, 
Rajapur Union is more dependent on industrial activities (mainly handloom) and 
service while Ghorjan Union is more dependent on agriculture. The profile of hous-
ing tenancy and drinking water is similar for both the unions, and the coverage of 
tube-well water availability is quite high. Rajapur Union is connected with the 
national power grid while Ghorjan depends only on solar power.

As indicated, the rationale for selecting the specific study areas is that the “char” 
community is extremely vulnerable to climatic hazards like flood and river erosion. 
They lack almost all basic services: water supply, sanitation facilities, hospitals, 
schools, electricity, transport, police stations, and market access. The study villages 
have been selected based on the following criteria that these are vulnerable to cli-
matic hazards, some ICT options are available at community level, two of the four 
villages connected to the national power grid, and the rest two villages dependent 
on solar home system for power supply. The variation in power supply situation 
provided the opportunity to compare how it influences the use of ICTs. Moreover, 
the interpersonal relationship between the researchers and the representatives of the 
village has been an important consideration to access information and opinion. 
Besides, the fieldwork locations were convenient enough to enable the researchers 
to closely observe the situation and verify the data later on if required.
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7.5.2  Data Collection and Analysis

In line with “methodological pluralism” as deployed by many other researchers, the 
study used both qualitative and quantitative techniques. A semi-structured question-
naire was used that consisted of all the relevant questions on the specific informa-
tion needed for the survey. The group interviews provided in-depth information and 
enriched the understanding of different groups. Everything that was learnt through 
the group interviews has been further strengthened through interviews with selected 
key informants (KII).

The study has been conducted at household (HH) level in Rehaikawlia Village 
and Teghori Village of Ghorjan Union of Chauhali and Shomeshpur Village and 
Thakurpara Village of Rajapur Union of Belkuchi of Sirajganj District. There are 
total 2,085 HH in four villages, of which a representative sample of 100 HH (25 HH 
in each village), which is around 5% of the total population, have been randomly 
selected for the quantitative survey for the study.

For the qualitative information, data have been collected through eight group 
interviews (with male and female of different ICTs users and nonusers of different 
occupational groups in different villages), 12 KIIs, uncontrolled observations of 
daily activities of the village dwellers, and review of available secondary literature 
on socioeconomic condition of the locality. The key informants include ICT service 
providers and receivers and non-receivers among others.

The data collected from 100 respondents have been processed using the Microsoft 
Excel Data collected through interview and observation and were analyzed from a 
sociological perspective and from a holistic view through thematic coding and anal-
ysis. At microlevel, appropriate and aptly related indigenous vocabularies and ter-
minology were put into operational meaning.

7.6  Results and Discussion

In this section, the focus is on two key aspects of the results. Firstly, we present the 
data associated with the role of existing use of ICTs, which is potentially contribut-
ing in adapting with the climate change impact on char community. Secondly, 
results related to the challenges and areas of improvement associated with the use 
of ICTs in adapting to the climate change impacts in char are presented.

7.6.1  Potentials of Using ICT for Climate Change Adaptation

Availability of ICT The predominant available ICTs in the community include 
mobile phone and its multiple uses including regular phone call, text SMS, voice 
SMS, transfer of money, and listening to radio, TV, and union level one-stop digital 
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service centers run by the government and development partners (i.e., Union Digital 
Center and Char Digital Center). Mobile phones are found to be the most popular 
ICT device used by the community. It has been found that almost all the HH in all 
four villages own at least one mobile phone with some level of disparity based on 
gender, technological feasibility, and financial ability. Widespread use of mobile 
phones started in the study villages around 2–3  years back. The Union Digital 
Centers (henceforth referred as UDC), provide 39 types of ICT services and the 
Char Digital Centers (henceforth referred as CDC), which are relatively new, pro-
vide around 20 types of ICT services. CDCs situated in villages in remote chars 
where UDCs do not reach, have lesser number of services to offer as they are run by 
NGOs, and do not have the mandate to provide many government services (i.e., 
issuing birth and death certificates) like UDCs. UDC started working in both the 
unions 2.5 years ago but started providing information on adaptive agriculture only 
1.5 years back. CDC started working in the village 1.5 years back, but it does not 
provide information on adaptive agriculture yet. Both UDC and CDC provide infor-
mation on weather forecast and flood early warning. UDC and CDC have active 
internet facility. However, internet is less available in the villages without regular 
electricity as dependence on solar and alternatively diesel run generator are beyond 
their capacity to afford (Fig. 7.1).

Other ICTs like radio and television are available in the study villages with elec-
tricity in Rajapur Union for many years. In Ghorjan Union, none in the villagers has 
TV, as there is no electricity other than solar in 22% of HH. Even those who can 
afford to buy a solar home system can hardly afford to buy a large enough system to 
run TV. Few hear radio in mobile phones for recreation but do not like listening to 
radio much. However, every HH in Rajapur Union, which is connected to power 
grid, has TV with satellite connections. They watch agricultural programs in differ-
ent channels but mostly prefer to watch recreational programs. People are well aware 
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about the money transfer facility through mobile phones and take opportunity of the 
facility widely through different agents in the villages who usually has shops at the 
village market or doing it as a business individually. Physical factors like remoteness 
from the local level administrative centers and availability of regular power supply 
contributes in disparity in availability of ICT services, which has further contributed 
at the accessibility of these services along with other denominators.

Accessibility of ICT It is found that access to available ICT services is determined 
by the awareness about the availability of the services, physical factors, political 
factors, gender factors, financial factors, and technological factors at different lev-
els. Many people do not access many of the services provided by UDC and CDCs 
simply because they do not know about it. Physical remoteness of the people living 
in chars, lack of connectivity with the union centers, lower literacy rate in char vil-
lages, and poor marketing by the service providers play a role here. Political factors 
linked with physical and economic factors also influence the access. Study villages 
in Rajapur Union are situated closer to the UDC, and therefore, villagers visit UDC 
more frequently compared to the villages in Ghorjan Union. The Union Parishad 
(UP) office of Ghorjan Union as well as the UDC are situated in the mainland while 
most of the villages of the union are situated in the other side of the river in char 
lands. As reported by the community, the UP office is situated in the mainland, as 
the UP chair is not willing to come to the char everyday crossing the river. Eventually 
it costs the poor char dwellers almost a full day engagement to visit UDC. Therefore, 
the location of the UDC, which is determined politically, is causing economic stress 
to the community and eventually influencing the access to the UDC.

Nonliterate people cannot access many ICT services, which can be availed 
through mobile phones but requires literacy. In many cases, particularly the women, 
and also men in some cases, can only receive calls but cannot make calls or read and 
write messages. Voice SMS solves their problem to some extent. Moreover, physical 
vulnerabilities due to frequent river erosion have made the ICTs less accessible to 
people even though the services are available to the villagers. Study villages, which 
are connected to the national power grid (Thakurpara and Shomeshpur), use differ-
ent ICTs more compared the villages (Rehaikaulia and Teghori) which have to 
depend on solar power as they have easier access at a cheaper investment. However, 
in case of mobile phones, financial ability is not found to be a determining factor for 
accessibility, and even the poorest of the poor can afford or ready to invest on buy-
ing a mobile phone. People own more than one mobile phone in the majority of 
households, particularly in the villages of Rajapur Union, which are connected with 
the power grid. Every household in the other union also avails mobile phones as 
they charge their phones through solar power. However, a gender disparity has been 
observed here. Mostly the adult male members own mobile phones, particularly in 
households with lesser financial capacity as they cannot afford to buy more than one 
mobile phones, and it is the head of the household who gets the preference. This 
impose a restriction on women’s access to information. However, women have not 
reported to have lesser access to other ICT services provided by TV, radio, UDC, 
and CDC.
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ICT for Adapting with Climate Change Impacts The most important adaptation 
strategies to address climatic hazards like flood, fog, and riverbank erosion as per-
ceived by the community are, respectively, flood early warning (EW) moderating 
potential damage of flood, improved cropping pattern (to moderate potential dam-
age of crop due to erratic rainfall and temperature), and occupational migration (to 
moderate potential damage of displacement due to riverbank erosion). The existing 
ICT services available in the community are already playing a big role in adapting 
with these hazards. It also helps to address different other development challenges 
like governance, mobility, lack of capacity, unemployment, etc., which further 
intensifies the impact of climate change.

The newly introduced flood EW system disseminated through mobile voice 
SMS, and the weather forecast dissemination mechanism through UDC and CDC 
are found to be extremely useful for the community living in study villages. They 
get flood EW with a lead time of 5 days in their mobile phones through voice SMS 
every day during the rainy season (in between June to September). Twenty-five 
people including the UP chair and members of each of the study villages get this 
voice SMS. The messages are designed in a way that makes it easily understandable 
for the common people. Voice SMS, instead of text SMS, are used for dissemination 
so that it can reach to everyone, both literate and nonliterate. Majority of people 
particularly the farmers also go to the UDCs and the CDCs during rainy season to 
know about the weather forecast so that they can plan for the plantation and cultiva-
tion of crops accordingly. Women do not go much to the digital centers, as in the 
study villages, women are less involved in on-field agricultural activities compared 
to men. In some cases, people also make phone calls to the operators of digital cen-
ters to know about weather forecast. It saves time and ensures the access to the 
person and information they need.

The system of dissemination of flood EW through voice SMS got introduced in 
the study villages about 2 years back. Before introduction of the system, people had 
to depend on indigenous knowledge for forecasting the level of floodwater. The 
forecast made by Flood Forecast and Warning Center (FFWC) of the government 
used to be generic for the whole Sirajganj district, which were not precisely appli-
cable at village level due to elevations in land surface. Receiving village specific 
flood EW with a lead time of 5 days, people take preparations for saving crops, store 
dry food, make boats (bhela) and other arrangements for communication, make 
portable cooking stove, keep the valuables in a safer place, make room for the poul-
try in a higher place, and make safer arrangements for the livestock. These DRR 
activities contribute a lot in reducing the impacts of flood.

The following figures show that how people are using ICTs for reducing their 
disaster risk. It also helps them in knowing about “relief and rehabilitation” oppor-
tunities. Mobile phone (both verbal communication and voice SMS) are found to be 
most effective medium here. Use of internet through UDC and CDC for knowing 
about regular weather forecast other than flood EW is also found as playing an 
effective role. The picture is not significantly different in both study unions even 
though Ghorjan does not have regular power supply except the fact that the use of 
TV is almost absent there (Figs. 7.2 and 7.3).
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It has been found in the study that UDCs also play a very significant role in 
informing the farmers on improved and adaptive cropping. The agricultural soft-
ware used in UDC gives visual guidance to any problem related to agriculture faced 
by farmers due to flood, fog, and erratic behavior of temperature, rainfall, and sea-
sonal pattern. This software (in the form of mobile application) is also given to the 
dealers of fertilizer and seed, where farmers go the most. Through using this soft-
ware, they get clear guidance on which fertilizer or pesticide they need and the 
amount to be applied. Farmers also communicate with Upazilla Agriculture 
Extension Officers through mobile phones, which they found to be the most useful 
medium to reach them as they hardly visit the fields. People go to both UDCs and 
CDCs to know about weather forecast which is essential for them to decide on dif-
ferent steps of farming (Figs. 7.4 and 7.5).
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While riverbank erosion is a major climatic hazard of the study area impacting 
the community in the form of displacement, community see “planned” occupational 
migration (both short term and long term) as the most effective way of adapting with 
this inevitable displacement due to riverbank erosion. ICTs make a significant con-
tribution in the planning process for this occupational migration. Through mobiles 
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phones people get information on different livelihood opportunities in different 
parts of the country, even in abroad. This also gives them the opportunity to negoti-
ate for better wages. It helps the employers to communicate with the workers they 
want directly without depending on any intermediary. Money transfer through 
mobile phones also found to be a “life saver” for the migrant workers and their fami-
lies. When there were no systems of such transfer of money through mobile phones, 
it was time consuming and risky and sometimes catastrophic for the family. Use of 
mobile phones has made it very easy for the migrant families to keep  communication 
with the rest of the families back home which works as a social capital for them. 
UDCs and CDCs also help people a lot in processing job application and also for 
processing papers (taking passport size photo, birth registration, checking the 
authenticity of visa, etc.) for going aboard as migrant workers.

7.6.2  Challenges of Using ICT for Climate Change Adaptation

Villages which are connected with the mainland and less prone to riverbank ero-
sion and which also has power supply from the national power grid face less chal-
lenges in using ICTs compared to the other two villages which get eroded almost 
every year and which have to depend on solar power for their electricity need. 
However, whatever benefit they are getting through the comparatively limited use 
of ICTs have proven to be very precious to them. The village, which has to depend 
on solar power, cannot afford TV, as it requires more power. Charging mobile is 
also a hassle to them, as they have to go to markets or to other people who have 
solar home system. In markets, they pay 5 Bangladeshi taka (6 cent) for charging 
a mobile for once. The CDC in Ghorjan (no electricity) depends on solar power 
and diesel run generators, which made the services costlier for the villagers com-
pared to UDC and other CDCs in other places with regular electricity connection. 
This eventually is impacting on the business of the CDC entrepreneur.

The overall economic condition of the villages without regular electricity is more 
vulnerable compared to the other two study villages with electricity. However, the 
cost of buying mobile phones does not found to be a problem to any of the study 
villages compared to the benefit they are getting through it.

Poor network connectivity is a common problem for all the villages and it 
impacts on using mobile phones as well as internet in UDC and CDC. The situa-
tion of the villages in Ghorjan are found to be worst as the nearby mobile tower 
they had got washed away about a year back in riverbank erosion and the mobile 
phone company reinstalled the tower in a distant place. Because of poor network, 
CDC as well as UDCs cannot provide the optimum service to people compared to 
the capacity they have. But receiving voice SMS in mobile phones on flood EW 
is not affected by this problem, as the message get stored in the phone memory 
whenever it gets better network. But it affects on other regular communication.

Illiteracy is also a problem identified in using mobile phones, particularly text 
SMS; reading dashboard in UDC or CDC.  But voice SMS solves this problem. 
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Those who can read and write help others in disseminating the information they 
receive through different ICT sources.

There is supposed to be a woman entrepreneur in UDC along with male entrepre-
neurs. But from the very beginning, it became difficult to sustain female staff. 
Women are not encouraged to join in UDCs or CDCs. There is a perception that 
women are less capable of handling technology. The UP Chairman also thinks that a 
male worker can be utilized for his personal purposes which may not be valid for a 
woman. Women are also afraid of their security as many types of people; particularly 
the politicians come to the CDC. However, it is found to be very important to ensure 
presence of the women service providers for the women who come to take services.

The power politics also play a role in expanding UDCs, as the UP chair wants to 
control the centre. The way people get services coming to UDCs directly without 
going to the Chair, makes the UP chairs feeling disempowered.

7.7  Conclusion and Framework

The study reveals that despite some challenges, there are ample of potentials to use 
ICTs for climate change adaptation in areas vulnerable due to climate change. In 
this regard, better network for better use of mobile phones and internet, particularly 
for the people living in remote areas are required to help people getting the optimum 
benefit of the available ICT services. Mobile phone companies need to act from a 
social responsibility perspective by setting up accessible mobile tower run by solar 
energy. This will serve both adaptation and mitigation purpose. UDCs and CDCs 
must be further strengthened as there are needs for laminating machine, good qual-
ity color printer and scanner in UDCs and CDCs. Since there is no UDC in remote 
areas, it takes a lot of time and working hour of people to go to UDC for any work 
which is situated in the mainland at Union Paris had premises. While some CDCs 
are established in remote areas to give the services like UDCs, there are few services 
which cannot be provided in CDCs like issuing birth certificates, death certificates, 
etc. as they require endorsement of the UP Chair. But considering the vulnerability 
of people living in char, there should be some mechanism established which allows 
people getting these services from CDCs.

Moreover, farmers feel less encouraged to go to CDCs compared to UDCs 
as they do not have the computer software to give agricultural solutions. The 
software can be easily accessed by CDCs but it is found that CDC entrepre-
neurs are not proactive enough to ensure this facility to farmers. Trust and 
reliability of the information provided through public ICT services is very 
important so that people feel it is worth investing time and money getting that 
information. It is also important to provide ICT services according to the 
need of the people. Mechanisms should be developed in a way that serves the 
purpose. For example, CDCs have been developed following the model of 
UDCs to give services to the people living in remote areas. However, the most 
demanding services like birth registration, death registration (for mutation of 
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property) cannot be given in CDCs as they require signature from the UP 
Chair through official procedure. This challenge has impacted on the overall 
popularity and therefore utilization of the services offered by CDCs.

On the basis of the overall discussion related to the study, an improved gov-
ernance framework is proposed in this chapter for effective use of ICTs for 
climate change adaptation. Figure 7.6 shows this improved governance frame-
work which identifies four major groups to act jointly; national government, 
local government, development organizations and private sector ICT service 
providers and the community itself.

The framework suggests that while exhibiting political will, national govern-
ment needs to focus on decentralization and formulating local plan of action. The 
major areas to work on for the national government would be to build energy 
infrastructure and to allocate more budget to strengthen the UDCs and CDCs. 
Local government should increase service orientation and cooperate with actors 
outside the government. In this regard, current practices of using political power 
in operating UDCs and CDCs must be avoided and participation of women must 
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be encouraged by the local government representatives. Private sector ICT pro-
viders and development organizations should enhance their development orienta-
tion and be more efficient in identifying community needs. Their major areas of 
work should be investment from a social responsibility perspective like setting up 
mobile tower in remote areas as well as development of customized applications 
on the basis of community needs. For community, self-empowerment is the key to 
be a part of this improved governance framework as they need to build their infor-
mation sharing mechanism to assist each other. Literacy, especially information 
literacy, must be developed where the community needs to feel the urgency and 
importance.

In light of the proposed governance framework, we argue that the research may 
create an opportunity for the population vulnerable due to climate change to analyse 
their adaptation strategies using ICTs more effectively and may help in exploring 
other potential uses. The output, findings, observation and lessons of this research 
are expected to help the policy makers, analyst, national and international organiza-
tions, donor agencies for initiating and implementing better, more effective policies, 
projects and funding for using ICTs in adapting to climate change.
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Chapter 8
Evaluation of E-Infrastructure Deployment 
in OECD and MENA Countries

Jörn Altmann, Almas Heshmati, and Baseem Al-Athwari

Abstract This paper introduces new indices quantifying country’s level of 
e- infrastructure deployment. These indices comprise six components, which include 
several indicators, and are based on parametric or nonparametric methods. They 
improve existing indices. Based on index calculations, variations between coun-
tries, regions, and over time are analyzed. The data used covers MENA and OECD 
countries, 2000–2007. Analysis results identified areas, in which countries need 
improvements, and showed that some MENA countries outperformed some OECD 
countries. The rankings based on the indices differ only slightly. Additionally, the 
parametric method-based index produces equally distributed value ranges and 
shows an overall e-infrastructure improvement over time.

Keywords ICT infrastructure • Indices • E-readiness • Composite index • Principal 
component analysis • MENA • OECD

8.1  Introduction

The rapid proliferation of information and communication technologies (ICT) has 
resulted in the introduction of many Internet-based services such as e-business, 
e-commerce, e-government, and e-learning. As the provision of such services mainly 
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depends on the level of the existing ICT-relevant infrastructure (e- infrastructure) in  
a country, it is clear that an appropriate level of e-infrastructures needs to be in 
place for a specific service to work successfully. E-infrastructure is the basis for 
ICT development. Only then, businesses and citizens of a country can benefit from 
ICT investments.

Despite this fact, e-infrastructure deployment has not been evaluated. Instead, a 
large number of indices for measuring ICT deployment in a country have been for-
mulated by researchers, governments, and private institutions. These indices, which 
capture the ICT status, are the technological achievement index (TAI), the net-
worked readiness index (NRI), the digital access index (DAI), the digital opportu-
nity index (DOI), and the ITU ICT development index (IDI). The ICT-deployment 
indices are unable to fully identify the true extent of e-infrastructure development as 
their indicators do not reflect the level of the countries’ readiness in terms of 
e-infrastructure.

This study introduces new e-infrastructure indices that quantify the level of e-infra-
structure development in a country. The e-infrastructure indices that we introduce 
cover not only ICT access and ICT use but also all infrastructure areas that are related 
to ICT development. The indices comprise the following six components: electricity, 
telecommunication, Internet, processing power, broadcasting, and human capital. 
Each of those components is generated from a comprehensive set of indicators that are 
prerequisites for subsequent access and use of information and telecommunication 
technologies. This composition also provides the possibility of tracking each of the 
components separately and, therefore, identifies strengths and weaknesses of a coun-
try with respect to the e-infrastructure-relevant area specified through the component. 
It will also help pointing out the source of failure in developing an e-infrastructure and 
in developing policies for enhancing an ICT-supporting infrastructure.

For the computations of the indices, which are based on parametric methods and 
nonparametric methods, this study also suggests several improvements for the com-
position of the indices compared to existing indices.

Furthermore, the paper calculates and analyzes the indices for different countries 
as well as the index variations between countries, regions, and over time. The data 
used for the analysis is about Middle East and North Africa (MENA) and OECD 
countries for the period between 2000 and 2007.

Moreover, the study also measures the efficiency of countries in terms of 
e- infrastructure development compared with the best practiced e-infrastructure 
country to show not only the rank but also the distance to the frontier country in 
e-infrastructure development.

The results show that countries differ significantly in their e-infrastructure devel-
opment. We also observe some degree of heterogeneity by regional location. 
Although the majority of OECD countries are ranked higher than MENA countries, 
the MENA countries, which belong to the Gulf Cooperation Council (GCC), out-
performed a few OECD countries.

Our results also show that the two e-infrastructure indices differ only slightly 
with respect to the results produced. However, the parametric method-based 
e- infrastructure index produces a more equally distributed value range and shows an 
expected evolution over the course of 7 years.
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The remainder of the paper is organized as follows: First, in Sect. 8.2, a litera-
ture review about existing indices for measuring ICT deployment is presented and 
compared. The framework of the new e-infrastructure indices is given in Sect. 8.3. 
While Sect. 8.4 describes the data and indicators used in the analysis of the study, 
Sect. 8.5 introduces the methodologies used in the computation of the e-infrastruc-
ture indices. Section 8.6 describes the results of the empirical analysis. In Sect. 8.7, 
policy recommendations and a discussion on how to improve the e-infrastructure 
index are given. The paper concludes with a summary of the main findings of the 
study in Sect. 8.8.

8.2  Literature Review

E-readiness assessments are meant to guide development efforts, providing bench-
marks for comparing and gauging the development progress of a country [29]. In 
many cases, e-readiness is given through indices, which measure various indicators 
(e.g., the number of telephone lines per 100 people and the percentage of GDP 
spent on information technology (IT)) that describe the country’s situation in infor-
mation technology. The results are tabulated and ranked. Then, the table can be 
used to make comparisons between countries and to conduct longitudinal studies 
for a single country [8]. The ranking of countries indicates the  differences  
between countries.

8.2.1  Definition of Development Indices

Given the implications of the e-readiness assessment, several organizations, aca-
demia, and researchers are interested in this type of measure. However, it resulted 
in many different definitions of readiness. The Economist Intelligence Unit 
defines e-readiness as the measure of a country’s ability to use digital channels for 
communication, commerce, and government, in order to foster economic and 
social development [11]. Asia-Pacific Economic Cooperation (APEC) defines 
e-readiness as the degree to which an economy or community is prepared to par-
ticipate in the digital economy [4]. CID’s1 readiness for the networked world 
defines a framework for developing countries to evaluate their e-readiness [7]. It 
defines the readiness as “the degree to which a community is prepared to partici-
pate in the networked world,” which measures a community’s relative advance-
ment in the areas that are most critical for ICT adoption and most important for 
ICT applications. Danish [8] defines e-readiness as a measure of the degree to 
which a country or economy is ready, willing, or prepared to obtain the benefits of 
information and communication technologies.

1 CID refers to Harvard University’s Center for International Development.

8 Evaluation of E-Infrastructure Deployment in OECD and MENA Countries



116

8.2.2  Existing ICT Development Indices

A large number of ICT rankings between countries have been prepared by many 
public and private institutions. The most known indices, on which the rankings are 
based, are the networked readiness index (NRI), the technology achievement index 
(TAI), the new indicator of technological capabilities (ArCO), the economist intel-
ligence unit (EIU) e-readiness ranking tool, the UNCTAD ICT development index, 
the digital access index (DAI), the digital opportunity index (DOI), the ICT oppor-
tunity index (ICT-OI), the ITU ICT development index (IDI), telecommunication 
and broadcasting infrastructure index (TI), and development of telecommunication 
infrastructure (DTI) suggested by Rudra et al. [30]. Archibugi et al. [6] compute 
nine internationally well-known technological capability composite indices using 
the same data and compare their correlation and performance in ranking countries. 
The indices are used to capture multidimensional nature of technological change 
and to rank countries based on different sets of indicators. The values of the indica-
tors of technological capabilities are assessed for public policy, company strategies, 
and economic studies. Although these indices have been developed to measure and 
rank the e-readiness of countries, they have been developed from different perspec-
tives, use different data, apply different methodologies, and define the e-readiness 
concept differently; the rankings and findings from different institutions differ from 
each other. Consequently, some findings seem to be inconsistent with each other. A 
comparison between these indices including their subindices, methodology, and 
usage is presented in Table 8.1.

8.2.3  Shortcomings of Existing Indices

Despite the significant efforts and importance of the above indices for measuring 
ICT development, the e-infrastructure, which is considered as the basis for such 
development, has not been investigated much. For instance, the most relevant index 
to this study is the IDI, which has been developed by ITU. The IDI excludes infra-
structure supply (e.g., electricity) and does not take into consideration technology 
convergence of telecommunication and broadcasting and the emergence of new 
technologies and services (e.g., IPTV, digital terrestrial TV, and WiMAX). Another 
related piece of work has been developed by Al-Mutawkkil et al. [1]. It focuses on 
telecommunications and broadcasting infrastructure but excludes the electricity 
infrastructure. Moreover, most of the existing indices include many factors that are 
not related to e-infrastructure and, therefore, do not show a realistic state of the ICT- 
related infrastructure. In another study Lim and Nguyen (2013) [25] compare the 
weighting schemes in the three traditional, principal component and dynamic factor 
approaches to summarizing information from a number of component variables and 
compare their performance. The results show the advantage of dynamic factor 
approach in capturing both significance and variability of the components.
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The e-infrastructure index that we present in this study is the first to cover all 
areas of infrastructure required for ICT development. It focuses on measuring the 
e-infrastructure level with comprehensive coverage of related indicators. The frame-
work and indicators used for calculating the e-infrastructure index will be discussed 
in more detail in the next section.

8.3  Conceptual Framework for Developing 
an E-Infrastructure Index

8.3.1  Main Objectives and Conceptual Framework

As the main objective of this study is to develop an index that reflects the level of 
information technological infrastructure in a country (e-infrastructure index), the 
provisioning of measures (i.e., indicators) for capturing the level of existing 
e- infrastructures of a country is the first step. Then, this index together with its indi-
cators can be used by developed countries, as well as developing countries, to 
benchmark their performance. For example, it can be used by developing countries 
(e.g., by MENA countries as in our study) to compare their performance with devel-
oped countries in the OECD.

The framework for the construction of our e-infrastructure index departs from the 
basic assumption that any country can be ready to implement any kind of e- services 
once its e-infrastructure is in place. For example, as the adoption of e-government 
services mainly depends on specific, technology-relevant infrastructures (e.g., access 
to PCs that are connected to the Internet), these infrastructures should be in place 
before the introduction of e-government services. Without that, there will be neither 
hardly any use of e-government services nor further development of e-government 
services. Therefore, the index should give an indication of the extent to which a 
country has advanced in all IT-related infrastructure areas and provide a holistic pic-
ture of the state of IT-related developments within the country.

8.3.2  Selection of Indicators for the E-Infrastructure Index

In order to make an e-infrastructure index a useful tool for the quantification of the 
extent of the level of ICT-related infrastructure, we design our index to be multidi-
mensional and decomposable [27]. Following the above-described framework, the 
selected indicators should represent all major areas of IT relevance. These six areas 
(which we will also call components or subindices) of the indices are (1) electricity, 
(2) telecommunications, (3) Internet, (4) processing power, (5) broadcasting, and 
(6) human capital. For each of these subindices, a list of potential indicators will be 
established. However, the selection of indicators was strongly influenced by the 
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availability of data (and the quality of the data) for developing countries. Since the 
availability of IT-related data in the majority of developing countries is poor, data 
availability was the main restrictive factor in the selection. The selection impacts 
only the relevance of a particular indicator for contributing to the main objectives 
but not the conceptual framework of the e-infrastructure index.

8.4  Data and Indicators

The data was obtained from the Word Development Indicator database 2009, the 
ITU-World Telecommunication/ICT Indicators 2009, and the UNESCO Institute 
for Statistics (UIS). These databases cover 20 countries of Middle East and North 
Africa (MENA) and 27 countries of the Organization for Economic Cooperation 
and Development (OECD) for the time period 2000–2007.

The electric power consumption per capita (kilowatt per hour per capita) indica-
tor is used as a proxy measure for the electricity subindex. The electricity subindex 
is important as the lack of electricity (besides problems with existing telecommuni-
cation infrastructure) which is one of the problems that developing countries face 
with regard to ICT development.

The telecommunication subindex is a composite of fixed telephone lines per 100 
inhabitants indicator and the mobile cellular telephone subscriptions per 100 inhab-
itants indicator. As mobile cellular telephony replaces fixed telephony in many 
countries over time, the joined consideration of both indicators is important. The 
telecommunication subindex is a key indicator for measuring telephone access and 
uptake. However, despite the high growth of mobile subscriptions and their role in 
replacing fixed telephony, fixed lines are a basis for Internet access and for upgrad-
ing to broadband Internet access.

The Internet is a vital infrastructure for any country in terms of its ICT develop-
ment. The Internet subindex is based on a composite of the Internet users per 100 
inhabitants indicator and the indicator of the Internet bandwidth of a country per 
inhabitant. While the first indicator (i.e., the Internet users indicator) measures the 
availability of Internet access by a country, the second indicator measures the qual-
ity of the Internet access. The Internet bandwidth of a country refers to the capacity 
that backbone operators provide to carry Internet traffic to and from other countries. 
The Internet bandwidth of a country per inhabitant (in bits/second/inhabitants) is 
calculated by dividing the amount of bandwidth (in bits/second) by the total popula-
tion [17].

The processing power subindex concerns the computer access and supercomput-
ing in those countries. For this subindex, we use two indicators: personal computers 
(PCs) per 100 inhabitants and the sum of the processing power of all supercomput-
ers. However, due to the lack of data about supercomputers, only the indicator of 
personal computers per 100 inhabitants has been used for the computation of the 
processing power subindex.
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Recently, as a result of convergence of services, Internet access and telecommu-
nication services via broadcasting infrastructure become a common approach. To 
capture this, three indicators could be used for this subindex (media). The first indi-
cator is the number of television sets per 100 inhabitants. The second and third 
indicators are the number of cable television subscribers per household indicator 
and the number of satellite subscribers per household indicator. However, as the 
selection of indicators takes into account the availability of data in the countries 
under study, we consider only the first indicator.

For the human capital subindex, the key considerations are two human capital 
indicators and three ICT skills indicators. The human capital indicators capture the 
number of engineers and technicians, which are required to install, operate, and 
maintain ICT. The indicators are the number of technicians per million inhabitants 
and the science and engineering enrollment ratios at colleges. Despite the availabil-
ity of simple ICT devices (e.g., mobile devices) that require little reading skills, the 
use of the Internet requires a fairly complex set of skills, including technological 
know-how and reasonable fluency in English. The skills indicators are primary 
school enrollment (in percent gross amount), secondary school enrollment (in per-
cent gross amount), and tertiary school enrollment (in percent gross amount). 
However, due to the lack of data availability in the countries under study, we had to 
exclude the first two indicators. The computation of the human capital subindex is 
only based on the last three indicators.

8.5  Methodology and Model Specification

The methodology used in this study includes two different methods, resulting in the 
computation of four e-infrastructure indices. The first method computes the 
e- infrastructure index nonparametrically, following the normalized human develop-
ment index (HDI). The second method estimates the e-infrastructure index para-
metrically, using the principal component analysis (PCA). The reason for selecting 
the two methods is to allow for a more detailed analysis of the proposed 
e- infrastructure indices by comparing their outcomes. Consequently, we can sug-
gest the most appropriate e-infrastructure index for widespread use.

8.5.1  Nonparametric E-Infrastructure Index

The nonparametric e-infrastructure index is a composite index constructed to aggre-
gate a number of indicators of a certain outcome [15]. Such indices are used for 
measuring many economic or social phenomena, such as globalization [3, 10, 13, 
23, 24], the state of the environment [22], human development [26], and the trajec-
tory of development strategy, technology, and research [5, 14].
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The basic of our nonparametric e-infrastructure index is a very commonly used 
index, the United Nation Human Development Program (UNDP) Human 
Development Index (HDI). Our index differs from the HDI index as we use a differ-
ent method of weighting than the traditional approach of equal weighting, which is 
frequently used in the construction of nonparametric indices. The weights of our 
nonparametric e-infrastructure index are given based on the square of their normal-
ized values. By using this system of weighting, the differences in the performance 
of countries, which are ranked closely together, become more obvious. The non-
parametric e-infrastructure index is then computed as subsequent aggregation of its 
indicators and subindices, which is shown with the following equation:
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where the variables c and t indicate the country and the time period. The variable 
m is the individual indicator for each subindex j. Xct is the observed value of the 
individual indicator m in a given year. The variable Xt

min  is the minimum, and the 
variable Xt

max  is the maximum values of the indicator across countries in a given 
year, allowing for year-specific reference points.

8.5.2  Parametric E-Infrastructure Index

This study also adopts a parametric method for computing an e-infrastructure index, 
using principal component analysis (PCA). PCA is a multivariate technique for 
reducing multidimensional data sets to lower dimensions. It was originally devel-
oped by Pearson [28] and further developed by Hotelling [16]. The method has been 
employed in many areas including the computation of an environmental index [22] 
and in the computation of a simple globalization index using trade and financial 
openness by Agénor [2] and a globalization index by Heshmati [13]. Heshmati and 
Oh [14] used the method for the computation of the Lisbon development strategy 
index. Besides, Heshmati et al. [15] used PCA to measure and analyze child well- 
being in middle- and high-income countries. In short, this method gives a least 
square solution to the following model:
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(8.2)

where Xjit (j = 1,2,…,J) is the indicator score for the year t and the country i. 
Furthermore, the variable βj is the factor pattern or eigenvector. The variable Eit is 
the residual.
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Unlike the traditional lease squares estimation case, in which the vertical dis-
tance to the fitted line is minimized, the PCA minimizes the sum of the squared 
residuals measured as distances from the point to the principal axis. Furthermore, 
researchers, who use the PCA methodology, use the first principal component to get 
at a single omnibus measurement scale. In this study, however, we use a more elabo-
rated approach. We rely on the weighted average of several principal components 
with eigenvalues greater than 1.0, in order to utilize all the power of the principal 
components in explaining variations in the data. In the aggregation, the share of 
variance explained by each component is used as weights.

8.6  Analysis and Empirical Results

The summary statistics of the variables are given in Table 8.2. We observed large 
variations among the variables that are used for calculating the indices. The distri-
bution of the index components is also not uniform. This is particularly evident for 
the component electricity, Internet, computer, and broadcasting. It has a large dis-
persion and has a sample mean higher than the median. In case of the human capital 
component, the mean and median values almost overlap.

Table 8.2 Summary statistics of e-infrastructure data, 2000–2007

Variable
Number of 
observations Mean Median

Standard 
derivation Minimum Maximum

region 376 2.8723 3 1.105 1 4
year 376 2003.5 2003.5 2.2943 2000 2007
elec 376 7540.4 6398.2 6305.2 135.58 36,853
fixd 376 35.844 42.031 20.866 1.227 74.867
cell 376 64.859 72.309 38.244 0 176.5
intn 376 33.753 29.058 25.831 0.048 86
comp 376 30.714 23.966 25.642 0.195 101.47
band 376 23,821 817.91 386,755 0.179 8.00E + 06
tvse 376 51.675 48.917 33.237 6.443 308.38
prim 376 101.15 101.6 11.69 32.5 128
seco 376 94.571 95.9 24.446 13.7 161.7
tert 376 45.84 49.75 23.602 0.3 94.9

elec electricity consumption per capita (kwh per capita, kilo Watt hour per capita)), fixd fixed tele-
phone lines per 100 inhabitants, cell mobile subscribers per 100 inhabitants, intn Internet users per 
100 people, comp personal computers per 100 inhabitants, band international Internet bandwidth 
per inhabitant (bits/sec), tvst number of TV sets per 100 inhabitants, prim primary school enroll-
ment (percent gross), seco secondary school enrollment (percent gross), tert tertiary school enroll-
ment (percent gross)
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8.6.1  Estimation of the E-Infrastructure Indices and Their 
Subindices

8.6.1.1  Nonparametric E-Infrastructure Index

The nonparametric e-infrastructure index is computed for 47 countries over a time 
period of 8 years starting from 2000 to 2007, using Eq. 8.1. For this, the ten normal-
ized individual indicators have been calculated. After calculating their square val-
ues, the indicators have been aggregated first for each subindex and, then, across all 
subindices.

Based on the nonparametric index for each of the 47 countries, a ranking of the 
countries under study has been performed (Table 8.3).

Norway is ranked the highest, followed in decreasing order by Sweden, Denmark, 
Iceland, and Switzerland.

The highest (lowest) contributing component to a country’s rank for electricity is 
Iceland (Djibouti and Yemen), for telecommunications is Iceland (Djibouti), for 
processing power is Switzerland (Djibouti), for the Internet is Denmark (Djibouti), 
for broadcasting media is Norway (Djibouti), and for human capital is Australia 
(Djibouti). The results also show that most OECD countries are ahead of the MENA 
countries. The only exceptions are three countries (UAE, Bahrain, and Qatar) that 
belong to the Gulf Cooperation Council (GCC). They are ranked ahead of several 
OECD countries.

8.6.1.2  Parametric E-Infrastructure Index

For calculating the parametric e-infrastructure index, the first step is to check the 
correlation structure of the data and find out whether the indicators are correlated. 
Only if they are correlated, the principal component analysis (PCA) can reduce the 
number of individual indicators to a small set while preserving the maximum pos-
sible proportion of the total variation in the original data set. If the original variables 
are uncorrelated, the application of PCA is of no value. The result of the correlation 
check is given in Table 8.4. It shows the correlation coefficients between the index 
components.

Table 8.4 shows that the components are positively and, some of them, even 
significantly correlated. Except for the coefficient value of the tertiary education 
component and the bandwidth component, which shows a negative correlation 
(−0.071), all other components show a positive correlation. The highest correlation 
(0.904) is found between Internet users and personal computers. This is expected, 
as accessing the Internet is highly dependent on the access to a computer. Similarly, 
there is a high correlation between fixed telephone lines and personal computers 
(0.804). This is also expected, as fixed telephone lines remain essential for dial-up 
connections (especially in developing countries) and DSL connections.
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Table 8.3 Country ranking according to the nonparametric e-infrastructure index for the period 
2000–2007

Obs Country electr telec proces intern media human npindex

1 Norway 0.735 0.536 0.492 0.306 0.915 0.564 3.548
2 Sweden 0.291 0.709 0.782 0.518 0.372 0.636 3.309
3 Denmark 0.051 0.696 0.576 0.704 0.390 0.583 3.000
4 Iceland 1.000 0.760 0.344 0.251 0.109 0.475 2.940
5 Switzerland 0.078 0.756 0.963 0.393 0.144 0.335 2.669
6 USA 0.216 0.456 0.789 0.210 0.379 0.509 2.561
7 Netherlands 0.054 0.526 0.634 0.593 0.211 0.528 2.546
8 UK 0.044 0.668 0.490 0.301 0.506 0.452 2.461
9 Canada 0.350 0.383 0.682 0.248 0.235 0.462 2.360
10 Luxembourg 0.300 0.727 0.558 0.335 0.166 0.223 2.308
11 Finland 0.319 0.518 0.337 0.226 0.221 0.664 2.283
12 Australia 0.139 0.455 0.587 0.161 0.203 0.724 2.269
13 Germany 0.057 0.656 0.393 0.194 0.202 0.423 1.925
14 Austria 0.069 0.534 0.434 0.173 0.176 0.408 1.793
15 South Korea 0.060 0.449 0.396 0.192 0.067 0.591 1.754
16 New Zealand 0.103 0.378 0.324 0.186 0.147 0.586 1.723
17 Belgium 0.084 0.461 0.160 0.260 0.132 0.577 1.674
18 France 0.070 0.485 0.342 0.096 0.187 0.486 1.665
19 Ireland 0.043 0.539 0.348 0.087 0.126 0.467 1.611
20 Japan 0.076 0.373 0.260 0.135 0.305 0.410 1.559
21 Italy 0.036 0.603 0.136 0.088 0.143 0.440 1.445
22 Spain 0.039 0.455 0.099 0.066 0.138 0.543 1.339
23 Israel 0.050 0.584 0.098 0.029 0.046 0.453 1.261
24 Greece 0.029 0.547 0.010 0.018 0.121 0.509 1.233
25 Portugal 0.022 0.481 0.027 0.036 0.072 0.514 1.153
26 Czech Rep. 0.043 0.384 0.072 0.052 0.135 0.340 1.026
27 Bahrain 0.141 0.264 0.039 0.021 0.068 0.370 0.904
28 Hungary 0.015 0.307 0.028 0.046 0.101 0.394 0.890
29 UAE 0.201 0.319 0.059 0.049 0.013 0.216 0.857
30 Qatar 0.255 0.205 0.042 0.024 0.074 0.247 0.847
31 Slovak Rep. 0.029 0.197 0.121 0.068 0.067 0.312 0.796
32 Kuwait 0.260 0.153 0.049 0.018 0.067 0.230 0.777
33 Libya 0.008 0.035 0.000 0.000 0.004 0.493 0.541
34 Saudi Arabia 0.049 0.077 0.018 0.006 0.024 0.287 0.460
35 Lebanon 0.005 0.050 0.012 0.015 0.047 0.283 0.412
36 Oman 0.015 0.046 0.003 0.002 0.167 0.170 0.403
37 Jordan 0.003 0.050 0.003 0.004 0.009 0.288 0.356
38 Tunisia 0.001 0.046 0.002 0.003 0.011 0.272 0.336
39 Iran 0.004 0.045 0.010 0.005 0.006 0.235 0.305
40 Egypt 0.001 0.017 0.001 0.002 0.014 0.270 0.304
41 Palestine 0.002 0.015 0.002 0.001 0.004 0.270 0.293
42 Algeria 0.000 0.025 0.000 0.001 0.006 0.243 0.275

(continued)
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Table 8.3 (continued)

Obs Country electr telec proces intern media human npindex

43 Syria 0.002 0.017 0.002 0.003 0.006 0.223 0.252
44 Iraq 0.001 0.004 0.027 0.006 0.030 0.112 0.181
45 Morocco 0.000 0.022 0.000 0.005 0.005 0.125 0.157
46 Yemen 0.000 0.001 0.000 0.000 0.037 0.072 0.111
47 Djibouti 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table 8.4 Correlation matrix

elect fixed cell inter compu broadb tvse prim seco tert

elect 1
fixed 0.587 1
cell 0.505 0.639 1
inter 0.634 0.784 0.717 1
compu 0.584 0.804 0.623 0.904 1
broadb 0.073 0.052 0.117 0.100 0.094 1
tvse 0.528 0.596 0.501 0.690 0.677 0.023 1
prim 0.081 0.399 0.265 0.125 0.105 0.006 0.065 1
seco 0.419 0.689 0.567 0.602 0.556 0.012 0.492 0.459 1
tert 0.413 0.716 0.545 0.711 0.617 −0.071 0.572 0.257 0.715 1

Table 8.5 Eigenvalues of the correlation matrix

Principal component Eigenvalue Proportion Cumulative

1 5.4765 0.5476 0.5476
2 1.1856 0.1186 0.6662
3 1.0235 0.1023 0.7686
4 0.5564 0.0556 0.8242

As the correlation check revealed a strong correlation, the PCA can be applied. 
For this, we calculate the eigenvalues, the percentage of variance explained in each 
component, and the total variance explained by all components. Those values are 
shown in Table 8.5.

The next step is to identify the number of principal components that should be 
considered for the analysis without losing too much information. Using Kaiser’s 
criterion (1960) for selecting the number of components, we dropped all compo-
nents with eigenvalues below 1. Consequently, three principal components should 
be considered in the analysis of the parametric e-infrastructure index (Table 8.5). 
Their eigenvalue is greater than one.

The first principal component explains the variance in all the individual indica-
tors (with an eigenvalue of 5.4765) more than all other principal components. The 
second principal component explains the remaining variance with an eigenvalue of 
1.1856 the best. The third principal component has an eigenvalue of 1.0235.  
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Table 8.6 Eigenvectors of the principal components

prin1 prin2 prin3 prin4

elect 0.3031 −0.206 −0.0050 0.8309
fixed 0.3808 0.0068 −0.0240 −0.0960
cell 0.3333 0.0224 0.1516 0.1039
Internet 0.3936 −0.1790 −0.0260 −0.0890
compu 0.3759 −0.2100 −0.0350 −0.1160
broadb 0.0327 −0.3210 0.9014 −0.1820
tvse 0.3245 −0.2010 −0.1560 −0.0870
prim 0.1251 0.7599 0.3287 0.1849
seco 0.3372 0.3577 0.0583 −0.0240
tert 0.3467 0.1787 −0.1620 −0.4390

The proportion of total variance explained by these principal components is 0.5476 
+ 0.1186 + 0.1023 = 0.7686.

The eigenvectors of each principal component are shown in Table 8.6. An eigen-
vector value, which is larger than 0.3, indicates that an indicator has a significant 
contribution to the component. Its sign indicates the direction of the contribution. 
Although each indicator usually plays a significant role to only one principal com-
ponent, some indicators are explained in two principal components (e.g., primary 
and secondary school enrollments). To address this, we use a weighted average of 
the three principal components.

In the computation of the parametric e-infrastructure index, the first three com-
ponents are aggregated by using their share of variance explanation as weights:
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(8.3)

The results of the parametric e-infrastructure index calculation for all 47 coun-
tries and the ranking of the 47 countries are given in Table 8.7. To simplify the 
comparison of both indices, the nonparametric e-infrastructure index is listed in 
Table 8.7 as well. Similar to the nonparametric index, the results show that OECD 
countries are ahead of the MENA countries with the exception of Israel and Bahrain. 
They are ranked ahead of several OECD countries.

The ranking based on the result of the parametric method shows Sweden, 
Norway, Australia, Denmark, and Iceland at the top of the list. This ranking of the 
top performers shows some slight differences to the ranking of the nonparametric 
e-infrastructure index. For example, Norway and Sweden swap their positions. 
Norway is ranked 2nd, while it is ranked 1st according to the nonparametric 
e- infrastructure index, and Sweden is ranked 1st, while it is ranked 2nd according to 
the nonparametric e-infrastructure index. The highest difference in position is 
observed in case of Australia. It has been ranked 12th in the nonparametric 
e- infrastructure index but is ranked 3rd in the parametric e-infrastructure index.
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Table 8.7 Comparison of the nonparametric and the parametric e-infrastructure indices, 2000–2007, 
376 observations

Parametric e-infrastructure index Nonparametric e-infrastructure index
Rank by prin123 Country prin123 Rank by npindex Country npindex

1 Sweden 1.014   2 Sweden 3.309
2 Norway 0.940   1 Norway 3.548
3 Australia 0.890 12 Australia 2.269
4 Denmark 0.809   3 Denmark 3.000
5 Iceland 0.794   4 Iceland 2.940
6 Finland 0.751 11 Finland 2.283
7 Netherlands 0.728   7 Netherlands 2.546
8 USA 0.582   6 USA 2.561
9 UK 0.578   8 UK 2.461
10 Luxembourg 0.573 10 Luxembourg 2.308
11 Belgium 0.560 17 Belgium 1.674
12 Canada 0.531   9 Canada 2.360
13 New Zealand 0.527 16 New Zealand 1.723
14 Switzerland 0.496   5 Switzerland 2.669
15 South Korea 0.495 15 South Korea 1.754
16 Germany 0.468 13 Germany 1.925
17 France 0.463 18 France 1.665
18 Ireland 0.402 19 Ireland 1.611
19 Austria 0.385 14 Austria 1.793
20 Portugal 0.383 25 Portugal 1.153
21 Spain 0.381 22 Spain 1.339
22 Italy 0.318 21 Italy 1.445
23 Japan 0.296 20 Japan 1.559
24 Israel 0.290 23 Israel 1.261
25 Greece 0.158 24 Greece 1.233
26 Bahrain 0.087 27 Bahrain 0.904
27 Czech Rep. 0.021 26 Czech Rep. 1.026
28 Hungary −0.062 28 Hungary 0.890
29 Slovak Rep. −0.151 31 Slovak Rep. 0.796
30 Qatar −0.190 30 Qatar 0.847
31 UAE -0.248 29 UAE 0.857
32 Libya −0.268 33 Libya 0.541
33 Kuwait −0.348 32 Kuwait 0.777
34 Saudi Arabia −0.398 34 Saudi Arabia 0.460
35 Tunisia −0.562 38 Tunisia 0.336
36 Lebanon −0.608 35 Lebanon 0.412
37 Jordan −0.612 37 Jordan 0.356
38 Iran −0.671 39 Iran 0.305
39 Algeria −0.690 42 Algeria 0.275
40 Syria −0.693 43 Syria 0.252

(continued)
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Table 8.7 (continued)

Parametric e-infrastructure index Nonparametric e-infrastructure index
Rank by prin123 Country prin123 Rank by npindex Country npindex

41 Egypt −0.701 40 Egypt 0.304
42 Palestine −0.792 41 Palestine 0.293
43 Oman −0.843 36 Oman 0.403
44 Morocco −1.029 45 Morocco 0.157
45 Iraq −1.161 44 Iraq 0.181
46 Yemen −1.454 46 Yemen 0.111
47 Djibouti −2.438 47 Djibouti 0.000

prin123 = prin1 * (0.5476 / 0.7686) + prin2 * (0.1186 / 0.7686) + prin3 * (0.1023 / 0.7686)

Comparing the ranking of all countries according to both e-infrastructure indices 
in Fig. 8.1, the ranking results look similar though. The differences in ranking of 
each country are little as well as the variation in ranking positions. The nonparamet-
ric e-infrastructure index (npindex) is sorted in descending order, providing homo-
geneously distributed values. It results in almost a linear curve. The parametric 
e-infrastructure index (prin123) provides very similar values for a large portion of 
countries, which are ranked in the middle of the list. Irregular differences between 
the two indices are observed in two cases only, Djibouti and Australia.

In addition to this, both rankings show that the low ranks of some countries are to 
some extent linked to their economic condition. While poor countries from MENA 
have low ranks, rich MENA countries (e.g., the Gulf Cooperation Council (GCC) 
countries) have made remarkable developments. They are not only leading the rank-
ing of MENA countries but they are also higher ranked than a few OECD countries.
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Fig. 8.1 Comparison of nonparametric (npindex) and parametric (prin123) e-infrastructure indi-
ces, 2000 and 2007, sorted by npindex in descending order
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8.6.2  Analysis of Heterogeneity in Both E-Infrastructure 
Indices

Variations in the values of the e-infrastructure indices and their components can be 
the result of the situation of a country, its geographical location (i.e., regions), and 
the changes over time. In this section, we will analyze the heterogeneity of countries 
with respect to these three factors in more detail.

8.6.2.1  Country Heterogeneity in E-Infrastructure Development

The results of the nonparametric e-infrastructure index shows that the performance 
of countries differs by components (Table 8.8). It also shows that there is no depen-
dency between components, i.e., if a country performed well in one component, it 
does not mean that it also performs well in another component. An example is 
Norway, which is ranked 1st, in broadcasting media. It has neither the highest score 
in electricity (2nd), telecommunication (12th), computers (9th), Internet (6th), nor 
human capital (8th). With the exception of Iceland, there is no country that gains the 
highest score in more than one of the six components. However, despite its highest 
scores in both electricity and telecommunication components, Iceland is only 
ranked 4th. It shows low performance in the other components (computer 15th, 
broadcasting media 24th, Internet 9th, and human capital 16th). Denmark, which is 
ranked 3rd, has the highest Internet score among all countries and a low electricity 
consumption (22nd).

Among the low-ranked countries, we find that some MENA countries, particu-
larly Gulf countries, perform relatively well in terms of electricity (UAE is 10th, 
Qatar is 8th, and Kuwait is 7th). Despite their significant improvements in the last 
few years, especially with respect to mobile and Internet penetration, their low rank 
is caused by their poor performance in the early years (2000–2003). The other low- 
ranked countries still have a poor performance in all e-infrastructure components 
compared with the high-ranked countries.

8.6.2.2  Regional Heterogeneity in E-Infrastructure Development

This analysis is based on grouping the countries by their geographical location and 
their membership to the OECD. Countries are grouped into four groups: Middle 
East, North Africa, European, and other non-European OECD countries. Although 
the OECD group includes countries from different continents, many countries are 
from Europe. Therefore, we grouped the OECD countries into two groups: European 
OECD countries and non-European OECD countries. Despite the fact that the non- 
European OECD countries are from different continents, these countries share simi-
lar characteristics, including the level of economic growth and the type of economic 
system.
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Table 8.9 Mean e-infrastructure indices by region, 2000–2007, 376 observations

Rank Region electr telec proces intern media human

Nonparametric 
e-infrastructure 
index 
(npindex)

Parametric 
e-infrastructure 
index (prin123)

1 Non- 
European 
OECD 
countries

0.278 0.465 0.483 0.198 0.206 0.537 2.166 0.588

2 European 
OECD 
countries

0.120 0.539 0.350 0.228 0.226 0.470 1.934 0.461

3 Middle 
East 
countries

0.070 0.131 0.026 0.013 0.043 0.247 0.530 −0.546

4 North 
Africa 
countries

0.002 0.024 0.001 0.002 0.007 0.234 0.269 −0.948

As expected, both types of e-infrastructure indices show that the non-European 
OECD countries and the European OECD regions have the highest e-infrastructure 
scores (Table  8.9). The Middle East region holds the third rank, and the North 
African region comes out at the bottom of the list.

The non-European OECD region and the European OECD countries differ in the 
values of the components. For instance, the non-European OECD countries are 
advantageous in terms of electricity consumption, computers, and human capital, 
while the European OECD region has a much higher level of telecommunication. In 
terms of Internet and broadcasting media, they are at a similar level. Despite their 
progress in the human capital component, the Middle East and North Africa regions 
still show a relatively low level in all of the other e-infrastructure components. The 
gap between MENA and the OECD is quite large, as depicted in Fig. 8.2.

Furthermore, given the close relationship between e-infrastructure levels and 
GDP, most of MENA countries are still lagging behind in terms of e-infrastructure 
compared with OECD countries. The North Africa region is identified as the least 
developed region in e-infrastructure. Thus, the low rank of countries is to large 
extent linked to their economic conditions and their inability to address these issues 
effectively.

8.6.2.3  Development of E-Infrastructure Over Time

Eight years (2000–2007) is a relatively long period in terms of information and 
communication technology (ICT) development. ICT technology, infrastructure, and 
access values may change considerably as a result of the introduction of new tech-
nologies, enhanced investments, changes in the market environment, or price cuts. 
Therefore, the e-infrastructure indices are expected to show large changes over a 
period of 8 years.
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Fig. 8.2 Region heterogeneity of components of the nonparametric e-infrastructure index, 
2000–2007

Looking at Fig. 8.3a, in which the indices are normalized at their 2,000 values to 
ease comparison of their development over time, it can be observed that the para-
metric e-infrastructure index continuously increased over time. The nonparametric 
index increased from 2000 to 2001 from 1.000 to 1.016. Afterwards, however, it 
declined to 0.953 in 2002 and remained at this level until 2005. Then, it declined 
again to 0.925 in 2007 suggesting 7.5 percent decline in the period. In contrast, the 
parametric index is continuously increasing from 1.000 in 2000 to 1.604 in 2007, 
suggesting 60.4% increase during the period studied. The individual country level 
index development shown in Fig. 8.3b confirms the gap pattern between the two 
indices. The decline after 2000 is very likely attributed to the global IT bubble. The 
difference in development of the two indices over time is a result of difference in 
weights attached to each indicator. Therefore, the parametric e-infrastructure index 
development is consistent with expectations and, therefore, preferable.

8.6.3  Efficiency in E-Infrastructure Development

In Table  8.10, we report the efficiency of countries in terms of e-infrastructure 
development. The efficiency of a country is the comparison of the country with the 
country that has the best-practiced e-infrastructure (i.e., the highest e-infrastructure 
value). The efficiency measure is in the interval 0 to 1, where 0 is assigned to the 
country with the lowest score and 1 to the country with the highest score. The mea-
sure is computed for the two e-infrastructure indices. It should be noted that the 
efficiency measure not only shows the rank but also the metric distance to the fron-
tier e-infrastructure and it is easily interpretable as percentage points. Thus, the 
distance to the best in the e-infrastructure index is quantitatively measured. 
Concerning the nonparametric e-infrastructure index, Norway is serving as the ref-
erence country, while, in the case of the parametric e-infrastructure index, Sweden 
is the reference country.

J. Altmann et al.
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Fig. 8.3 Development of nonparametric and parametric e-infrastructure indices over time:  
(a) normalized at 2000 level and averaged over all countries (npindex and prin123); (b) normalized 
at 2000 level for Scandinavian countries. The nonparametric and parametric indices are indicated 
with a “np” and “p,” respectively
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The values of the two efficiencies for each country are shown in Fig. 8.4. In gen-
eral, both methods show similar performances. Only in a few cases, we observe a 
significant shift in the position of countries.

We find a wide range of variation in the efficiency among countries. For instance, 
in the case of the nonparametric index, the efficiency rate of MENA countries is 
below 50% of the frontier country. It shows that MENA countries perform very 
poorly compared to the frontier country in terms of e-infrastructure. The efficiency 
measure for the parametric e-infrastructure index shows that some MENA coun-
tries, particularly Bahrain, Qatar, and the UAE, achieve an efficiency of more than 
50 performance points (Bahrain 0.7315, Qatar 0.6512, and UAE 0.63). In case of 
Djibouti, which is placed at the bottom of the efficiency distribution of the two indi-
ces, the efficiency is zero.
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Table 8.10 Two efficiency measures based on the mean parametric and nonparametric 
e-infrastructure indices, 2000–2007 (countries are ranked by parametric index), 376 observations

Country

Nonparametric 
e-infrastructure 
index (npindex)

Parametric 
e-infrastructure 
index (prin123)

Efficiency with 
respect to the best 
nonparametric 
e-infrastructure 
index

Efficiency with 
respect to the best 
parametric 
e-infrastructure 
index

Sweden 3.309 1.014 0.9326 1.0000
Norway 3.548 0.940 1.0000 0.9786
Australia 2.269 0.890 0.6395 0.9641
Denmark 3000 0.809 0.8455 0.9406
Iceland 2.940 0.794 0.8286 0.9363
Finland 2.283 0.751 0.6435 0.9238
Netherlands 2.546 0.728 0.7176 0.9171
USA 2.561 0.582 0.7218 0.8749
UK 2.461 0.578 0.6936 0.8737
Luxembourg 2.308 0.573 0.6505 0.8722
Belgium 1.674 0.560 0.4718 0.8685
Canada 2.360 0.531 0.6652 0.8601
New Zealand 1.723 0.527 0.4856 0.8589
Switzerland 2.669 0.496 0.7523 0.8499
South Korea 1.754 0.495 0.4944 0.8497
Germany 1.925 0.468 0.5426 0.8418
France 1.665 0.463 0.4693 0.8404
Ireland 1.611 0.402 0.4541 0.8227
Austria 1.793 0.385 0.5054 0.8178
Portugal 1.153 0.383 0.3250 0.8172
Spain 1.339 0.381 0.3774 0.8166
Italy 1.445 0.318 0.4073 0.7984
Japan 1.559 0.296 0.4394 0.7920
Israel 1.261 0.290 0.3554 0.7903
Greece 1.233 0.158 0.3475 0.7520
Bahrain 0.904 0.087 0.2548 0.7315
Czech Rep. 1.026 0.021 0.2892 0.7123
Hungary 0.890 −0.062 0.2508 0.6883
Slovak Rep. 0.796 −0.151 0.2244 0.6625
Qatar 0.847 −0.190 0.2387 0.6512
UAE 0.857 −0.248 0.2415 0.6344
Libya 0.541 −0.268 0.1525 0.6286
Kuwait 0.777 −0.348 0.2190 0.6054
Saudi Arabia 0.460 −0.398 0.1297 0.5910
Tunisia 0.336 −0.562 0.0947 0.5435
Lebanon 0.412 −0.608 0.1161 0.5301
Jordan 0.356 −0.612 0.1003 0.5290

(continued)
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8.6.4  Comparison Between Different Types of Parametric 
and Nonparametric Indices

In this section, our nonparametric index, in which each component is given weight by 
squaring its value, is compared with the human-development-index-type (HDI- type) 
index, which is based on equal weighting. Besides, our parametric index, which is 
based on several principal components with eigenvalues greater than 1.0, is compared 
with the traditional approach that uses only the first principal component. The aim of 
the comparisons is to see the effect of the new approaches on the ranking of countries.

Table 8.10 (continued)

Iran 0.305 −0.671 0.0860 0.5119
Algeria 0.275 −0.690 0.0775 0.5064
Syria 0.252 −0.693 0.0710 0.5055
Egypt 0.304 −0.701 0.0857 0.5032
Palestine 0.293 −0.792 0.0826 0.4768
Oman 0.403 −0.843 0.1136 0.4621
Morocco 0.157 −1.029 0.0443 0.4082
Iraq 0.181 −1.161 0.0510 0.3699
Yemen 0.111 −1.454 0.0313 0.2851
Djibouti 0.000 −2.438 0.0000 0.0000

effnpindex = npindex/3.548; effprin123 = (prin123 + 2.438)/(1.014 + 2.438)

Fig. 8.4 Efficiency based on mean parametric (effprin123) and nonparametric (effnpindex) 
e-infrastructure indices, 2000–2007, sorted by parametric index in descending order

Country

Nonparametric 
e-infrastructure 
index (npindex)

Parametric 
e-infrastructure 
index (prin123)

Efficiency with 
respect to the best 
nonparametric 
e-infrastructure 
index

Efficiency with 
respect to the best 
parametric 
e-infrastructure 
index
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8.6.4.1  Effect of the New Approach of the Nonparametric 
E-Infrastructure Indices

Table 8.11 presents the results of our nonparametric index and the HDI-type index. 
Our method for computing the nonparametric index is compared with the HDI-type 
index. The nonparametric HDI-type index is based on the ad hoc assignment of 
weights for the aggregation of the components. For our index, the components are 
squared before aggregation to give high weights to those with high values. As a result 
of giving higher weights to the countries with high values, the rank of countries 
changes compared with those based on the HDI-type index. For instance, among the 
highest-ranked countries, the Netherlands and Canada swap their positions 5th (6th). 
The same occurs with Switzerland and the USA 7th (9th). Norway is ranked as the 
highest in both indices. Iceland, Luxembourg, Sweden, the UK, and Australia keep 
their positions without change (2nd, 3rd, 4th, 8th, and 10th, respectively). Surprisingly, 
Portugal and the Slovak Republic swap their positions 27th (31st). Among the MENA 
countries, the UAE, Kuwait, Saudi Arabia, and Iran keep their positions (ranked 23th, 
33rd, 34th, and 35th, respectively). Also, Iraq, Yemen, and Djibouti keep their ranks at 
the bottom of the table at 45th, 46th, and 47th, respectively (Fig. 8.5).

8.6.4.2  Effect of the New Approach of the Parametric E-Infrastructure 
Index

Traditionally, researchers, who use the principal component analysis methodology, 
use the first principal component to arrive at a single measurement scale. In this 
study, we computed the index based on the weighted average of the three principal 
components. In this way, we utilize the explaining power of all significant principal 
components. The result of the calculation of both indices is shown in Table 8.12.

If we rank countries by the index (prin1) that is based on the first principal com-
ponent, the rank of some countries is changed significantly compared to our 
approach. For instance, Luxembourg moved down eight places, from 1st to 9th. 
That is to be expected because the result of the principal component analysis shows 
that prin1 does not count the contribution of the international Internet bandwidth 
indicator and primary enrollment indicator. They were represented in the second 
(prin2) and third principal component (prin3) but not in the first principal compo-
nent (prin1). Luxembourg has made a remarkable increase in the international 
Internet bandwidth indicator (7.5 Mbit/sec per inhabitant in 2007, the highest among 
all countries) due to the new fiber network deployed by Luxembourg’s incumbent 
operator P&T in 2007 (Fig.  8.6). Another country, which has a lower rank, is 
Bahrain. It moved down from 18th to 25th. This is also due to the fact that prin1 
does not count the contribution of the primary enrollment indicator. Bahrain has the 
highest value among all the countries surveyed. Countries which decreased in the 
ranking are Australia, Finland, France, Germany, New Zealand, Korea, Ireland, 
Spain, Portugal, Qatar, Libya, Iran, Syria, Tunisia, Algeria, and Morocco. Denmark, 
Italy, Belgium, Egypt, Iraq, Yemen, and Djibouti kept their positions. The remaining 
countries increased in the ranking.
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Table 8.11 Comparison between nonparametric e-infrastructure indices, 2000–2007, 376 
observations

Rank by 
squared 
components 
nonparametric 
index Country npindex

Rank by 
nonparametric 
index without 
squaring its 
components Country npindex2

1 Norway 3.038 1 Norway 4.171
2 Iceland 2.588 2 Iceland 3.579
3 Luxembourg 2.517 3 Luxembourg 3.554
4 Sweden 2.364 4 Sweden 3.540
5 Netherlands 2.236 6 Netherlands 3.325
6 Canada 2.225 5 Canada 3.369
7 Switzerland 2.039 9 Switzerland 3.086
8 UK 1.952 8 UK 3.117
9 USA 1.931 7 USA 3.225
10 Australia 1.909 10 Australia 3.042
11 Germany 1.790 13 Germany 2.948
12 Denmark 1.713 12 Denmark 2.962
13 Finland 1.666 11 Finland 3.004
14 France 1.628 14 France 2.800
15 Ireland 1.541 18 Ireland 2.675
16 South Korea 1.540 16 South Korea 2.728
17 New Zealand 1.511 15 New Zealand 2.766
18 Austria 1.449 17 Austria 2.722
19 Italy 1.422 20 Italy 2.600
20 Belgium 1.279 21 Belgium 2.542
21 Spain 1.254 22 Spain 2.400
22 Japan 1.237 19 Japan 2.608
23 UAE 1.202 23 UAE 2.367
24 Greece 1.175 25 Greece 2.084
25 Bahrain 1.023 24 Bahrain 2.126
26 Israel 1.021 29 Israel 2.002
27 Portugal 0.992 31 Portugal 1.970
28 Slovak Rep. 0.908 26 Slovak Rep. 2.064
29 Qatar 0.890 28 Qatar 2.028
30 Hungary 0.887 30 Hungary 1.999
31 Czech Rep. 0.883 27 Czech Rep. 2.052
32 Kuwait 0.691 32 Kuwait 1.890
33 Saudi Arabia 0.563 33 Saudi Arabia 1.521
34 Libya 0.543 37 Libya 1.125
35 Iran 0.451 35 Iran 1.192
36 Lebanon 0.392 34 Lebanon 1.215
37 Jordan 0.368 38 Jordan 1.115

(continued)
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8.7  Discussion and Implications

8.7.1  Guidelines for Improving the Index

There is a growing amount of literature on the measurement of e-readiness across 
countries such as e-government, e-commerce, and other ICT developments. 
However, the e-infrastructure, which is considered as the basis for such develop-
ment, is not investigated much.

Table 8.11 (continued)

Rank by 
squared 
components 
nonparametric 
index Country npindex

Rank by 
nonparametric 
index without 
squaring its 
components Country npindex2

38 Tunisia 0.359 39 Tunisia 1.036
39 Algeria 0.338 42 Algeria 0.901
40 Egypt 0.338 41 Egypt 0.941
41 Oman 0.332 36 Oman 1.178
42 Syria 0.318 40 Syria 0.958
43 Palestine 0.250 45 Palestine 0.766
44 Morocco 0.195 44 Morocco 0.772
45 Iraq 0.190 43 Iraq 0.821
46 Yemen 0.084 46 Yemen 0.462
47 Djibouti 0.000 47 Djibouti 0.017

Fig. 8.5 Nonparametric e-infrastructure indices, 2000–2007, sorted by npindex 1 in descending 
order
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Table 8.12 Comparison between parametric e-infrastructure indices, 2000–2007, 376 observations

Rank by prin123 Country prin123 Rank by prin1 Country prin1

1 Luxembourg 2.226 9 Luxembourg 1.276
2 Norway 1.257 1 Norway 2.497
3 Australia 1.042 8 Australia 1.308
4 Netherlands 1.008 4 Netherlands 1.466
5 Iceland 0.950 3 Iceland 1.604
6 Sweden 0.888 2 Sweden 1.618
7 Denmark 0.849 7 Denmark 1.309
8 Finland 0.779 10 Finland 1.268
9 France 0.737 16 France 0.929
10 Germany 0.735 12 Germany 1.080
11 New Zealand 0.735 14 New Zealand 1.045
12 USA 0.714 6 USA 1.321
13 Canada 0.707 5 Canada 1.325
14 South Korea 0.704 15 South Korea 0.957
15 UK 0.681 11 UK 1.180
16 Ireland 0.672 18 Ireland 0.865
17 Italy 0.669 17 Italy 0.885
18 Bahrain 0.652 25 Bahrain 0.337
19 Spain 0.629 22 Spain 0.723
20 Switzerland 0.591 13 Switzerland 1.066
21 Belgium 0.564 21 Belgium 0.781
22 Austria 0.536 19 Austria 0.853
23 Portugal 0.474 27 Portugal 0.294
24 Japan 0.443 20 Japan 0.818
25 Greece 0.437 23 Greece 0.523
26 UAE 0.423 24 UAE 0.446
27 Israel 0.379 29 Israel 0.252
28 Qatar 0.313 31 Qatar 0.201
29 Czech Rep. 0.227 28 Czech Rep. 0.281
30 Hungary 0.174 26 Hungary 0.311
31 Slovak Rep. 0.165 30 Slovak Rep. 0.203
32 Saudi Arabia −0.010 33 Saudi Arabia −0.289
33 Kuwait −0.123 32 Kuwait −0.092
34 Libya −0.152 35 Libya −0.585
35 Iran −0.167 38 Iran −0.676
36 Syria −0.316 42 Syria −0.958
37 Tunisia −0.390 39 Tunisia −0.765
38 Algeria −0.392 41 Algeria −0.893
39 Jordan −0.444 37 Jordan −0.641
40 Egypt −0.475 40 Egypt −0.860
41 Lebanon −0.485 34 Lebanon −0.584
42 Oman −0.662 36 Oman −0.618

(continued)
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Table 8.12 (continued)

Rank by prin123 Country prin123 Rank by prin1 Country prin1

43 Morocco −0.726 44 Morocco −1.174
44 Palestine −0.894 43 Palestine −1.036
45 Iraq −0.932 45 Iraq −1.242
46 Yemen −1.294 46 Yemen −1.558
47 Djibouti −2.261 47 Djibouti −2.137

Fig. 8.6 Parametric e-infrastructure indices, (weighted and first principal component based), 
2000–2007, sorted by weighted index (prin123) in descending order

This study serves as a major first step toward establishing a proper composite 
e-infrastructure index. The e-infrastructure index covers all of the related infrastruc-
ture components, including electricity, telecommunication, Internet, processing 
power, broadcasting, and human capital. A breakdown of the index into major com-
ponents provides the possibility to track each component separately and to identify 
the strengths and weaknesses of each country in different e-infrastructure areas.

Despite the significant effort made in the construction of the e-infrastructure 
index, several essential improvements are still possible. One improvement can be 
achieved by using recent data (i.e., data for the years 2008 and later).

As a consequence of the unavailability of data, especially for MENA countries, 
particular indicators such as fixed-line broadband Internet subscribers, mobile 
broadband Internet subscribers, cable television subscribers per households, home 
satellite antennas, technicians, and engineers were excluded from the study. These 
additional factors were believed to be relevant and important for creating the 
e-infrastructure index. With the addition of these indicators, we would have been 
able to observe the level of e-infrastructure development more accurately.

Using our indices, it would be interesting to investigate how the land size of a 
country and the size of the urban population impact e-infrastructure development. It 
is easier to speed up the development of e-infrastructure in a country with a small 
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area and high urban population compared to a large country with scattered popula-
tions in rural areas.

It would be also interesting to use our indices to observe the impact of a coun-
try’s willingness to spend money on the level of the e-infrastructure of the country.

8.7.2  Policy Recommendations

The two types of the multidimensional e-infrastructure indices, parametric and non-
parametric, serve as important tools to measure the level of e-infrastructure devel-
opment among countries and regions and provide useful information about the 
strengths and weaknesses of the countries in different technological infrastructure 
areas. The e-infrastructure index can help policy makers with the opportunity to 
point out the source of the failures they encounter when they are developing their 
e- infrastructure and allow them to adapt and develop policies for enhancing it 
accordingly. Based on the results of the study, it should be noted that:

 1. The indicators of the e-infrastructure indices showed their significant contribu-
tion in determining the level of e-infrastructure development. These indicators 
have to be focused well in the national policy of all countries. Moving toward 
developing its e-infrastructure, the government should allocate a significant 
share or proportion of their annual budget to invest on these indicators.

 2. For a country to exploit the potential of ICT, there is a need for the availability of 
e-infrastructure. Therefore, a country should not only invest in ICT but rather in 
all technological infrastructure areas that are prerequisites for subsequent access 
and use of ICT. Based on the results presented by the e-infrastructure indices, 
many countries in the MENA region suffer from a lack of the basic infrastructure 
(i.e., electricity) needed to build a solid e-infrastructure base. Therefore, these 
countries should increase their investments to provide solutions to the basic 
problems, which are still considered an obstacle for ICT uptake.

 3. It is clear that MENA countries still lag behind in the provision of e-services as 
a result of their poor e-infrastructure. Despite the significant improvements in 
different areas of e-infrastructure, especially in mobile and Internet penetrations, 
MENA countries need to increase their investments in the development of their 
e-infrastructure. Early investment in the provision of that infrastructure can 
potentially bring faster and more radical changes in the future of the socioeco-
nomic development of these countries.

 4. The results show that MENA countries have made a significant improvement in 
mobile technology. Of course, this is related to the strong relationship between 
market liberalization and mobile diffusion. Open competition between mobile 
companies has played a significant role in the dramatic mobile penetration 
growth in MENA countries. In order to achieve the same growth in the Internet, 
MENA countries should duplicate this policy with regard to the Internet sector, 
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which is currently monopolized by the government. The policy should focus on 
motivating the private sector to invest in e- infrastructure development.

 5. Internet quality and connectivity are a vital piece of infrastructure for any coun-
try with regard to its ICT development. Therefore, countries should invest in 
developing their international Internet bandwidth as a crucial backbone infra-
structure. Without the necessary international Internet bandwidth, access to the 
resources of the Internet remains slow and expensive.

 6. The e-infrastructure index shows that one of the key factors that impacts or limits 
e-infrastructure development is the lack of computers. Computer penetration is 
still very low in MENA countries because many people still cannot afford to buy 
computers. Therefore, the government should initiate programs to support com-
puter use through the distribution of low-price computers to allow more people 
to gain access to computers. Also, import taxes on ICT goods should be reduced.

8.8  Conclusion

In this study, we developed and presented two composite indices that quantify the 
level of e-infrastructure of a country. The e-infrastructure indices are composed of six 
main components: electricity, telecommunication, Internet, processing power, broad-
casting, and human capital. Each component is composed of one or more indicators. 
We have also suggested several improvements for the composition of the indices.

The first index is the nonparametric e-infrastructure index. It is based on the 
normalized human development index. Unlike the human-development-index- 
based indices, in which weights are assigned on an ad hoc basis, our index compo-
nents were given weights based on the square of their normalized values. The 
second index is the parametric e-infrastructure index. The weights of this index are 
estimated using the principal component analysis.

Despite the different methods in the index computation, the outcome of the indi-
ces differs only slightly. For example, the country ranking based on the 
e- infrastructure indices shows that the high-ranked countries share similar patterns 
in various index component distributions. For the majority of countries, their two 
indices ranks differ only slightly.

Besides, based on these two e-infrastructure indices, we analyzed the heteroge-
neity of the e-infrastructure between countries, regions, and over time. Hereby, we 
put a special focus on Middle East and North Africa (MENA) countries and OECD 
countries. The results show heterogeneity by region (i.e., economic region). For 
instance, the non-European OECD countries as an economic region perform quite 
well in comparison with other regions including the European OECD countries 
region, Middle East, and North Africa. The low rank of some countries is to some 
extent linked to their economic condition. Given the close relationship between 
e-infrastructure level and their GDP, poor countries from MENA have low ranks but 
some MENA countries, which belong to the Gulf Cooperation Council (GCC), out-
performed a few OECD countries.
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With respect to country heterogeneity, the results show that the high-ranked 
countries share similar patterns in various index component distributions. However, 
we found no evidence to suggest that if a country is performing well in one compo-
nent, it will also perform well in other components.

The analysis over the time period of 8 years (2000–2007) showed that the two indices 
develop differently. The nonparametric index shows a decreasing pattern while the para-
metric index an increasing pattern. This is consistent with our expectations. The differ-
ence is attributed to the estimated weight heterogeneity assigned to different indicators 
in the parametric case. Therefore, the parametric e- infrastructure index is preferable.
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Chapter 9
Model for Constructing Institutional 
Framework for Scientific Knowledge 
Management Systems: Nigerian Institutional 
Repository Innovation Case Applicable 
to Developing Countries

Samuel C. Avermaria Utulu and Ojelanki Ngwenyama

Abstract This chapter is a part of an inductive reasoning-based longitudinal study 
that aims to elicit novel barriers of institutional repository (IR) innovation in devel-
oping country contexts. The study reported in this chapter is based on qualitative 
data collected through observation and secondary data from three Nigerian universi-
ties. The findings reveal that reconstructing the institutional framework that sup-
ports scientific knowledge management systems (SKMS) in developing countries is 
a panacea for successful IR innovation. The study provides insights that differ from 
existing ones where scholars assume that IR barriers are only university based.

Keywords Institutional repository • Scientific knowledge management systems 
• Institutional framework • Open access initiative • Developing countries

9.1  Introduction

The growth of information and communication technology (ICT)-based scientific 
knowledge management systems (SKMS) such as institutional repository (IR) has 
been slow in developing countries. This is considered unacceptable given the fact 
that in the past IR was heralded as a technology that has the potential to promote 
access to the scientific knowledge required to support development programs in 
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developing countries. Couple with this is experts’ assertion that development initia-
tives in developing countries must be driven by the scientific and local knowledge 
produced in  local contexts [1] and the presumed role IR can play if this is to be 
achieved [2]. The indication that developing countries must strive to provide ready 
and timely access to their scientific knowledge output as a way to promote develop-
ment also makes the need to improve IR innovation outcomes pertinent [2, 3]. 
Current situation, however, shows that the performance of SKMS has been poor in 
developing countries. The inability of developing countries to efficiently and effec-
tively use SKMS to promote access to the scientific knowledge required to support 
their development programs has taken its toll on open access initiatives, including 
the IR initiative. It also has negative effects on the outcome of national and regional 
access-to-scientific-knowledge programs such as the Nigerian Virtual Library 
Project and DATAD program of the Association of African Universities (AAU) [4]. 
Although a lot of efforts have been made to ameliorate barrier factors of IR innova-
tion in developing countries [5], including Nigeria, for example [6–8], these barriers 
still persist.

Conclusions reached in existing assessment of IR innovation have popularized 
the assumption that IR barriers are mainly university based. In other words, scholars 
assume that the major barriers that impede IR innovation are those that arise as a 
result of the inability of university libraries, academics, and university management 
to manage IR innovation challenges [9, 10]. The consequence of this is that research-
ers have inadvertently popularized the notion that universities can single-handedly 
deal with the barriers of IR innovation [6, 11]. Popular notions include the need to 
create awareness, spur acceptance and utilization, and change scholarly knowledge 
publication culture that are believed to be acceptable for tenure, promotion, and 
appointment of academics [12]. Existing studies are therefore characterized by 
scopes (research subjects and samples) that have to do with phenomena and people 
that are peculiar to universities [13]. Surprisingly however, our findings reveal novel 
IR barrier factors, that is, how the institutional framework that supports SKMS in 
Nigeria constraints IR innovation efforts in the country. This chapter is therefore 
devoted to explaining how key institutions that are involved in the Nigerian SKMS 
can be reconstructed to support IR innovation in the country. In Nigeria, for instance, 
key institutions that are involved in the country’s SKMS include Nigerian universi-
ties, the National Universities Commission (NUC), Association of Nigerian 
Universities Vice-Chancellors (ANUV), Tertiary Education Trust Fund (TETFund), 
and Association of African Universities (AAU).

Our observation shows that these institutions deal with varying, but integrated, 
aspects of scientific knowledge management that the nonintegration of their respon-
sibilities posed a problem that must be addressed. The chapter shows the kind of 
integration we propose and confirms its potential to promote IR innovation and 
other forms of SKMS. It shows how the integration of key institutions can support 
access to the scientific knowledge required for development in Nigeria and in devel-
oping countries with similar SKMS structure. In addition, the study corroborates 
notions propagated in the information systems in developing countries (ISDC) dis-
cipline on how institutional capacity impacts successful IR innovation in develop-
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ing countries [14, 15]. The remaining parts of the chapter are presented as follows: 
segment two deals with ICT and development and is followed by segment three 
which dwells on scientific knowledge production capacity, knowledge divide, and 
development. The fourth segment deals with the evolution of the open access initia-
tive and its assumed potential as a technology that could support development. Fifth 
segment deals with how Nigerian SKMS is structured. Sixth segment deals with 
presentation and discussion of study findings. Segment seven dwells on theoretical 
elaboration and explanation of the SKMS model and theory that emerged based on 
the study. Segment eight deals with study conclusion.

9.2  ICT and Development

The term development became popular after the Second World War as a result of the 
role uneven distribution of economic and political powers played in conflicts that 
led to the war. Development therefore denotes the level of a country’s achievements 
in terms of its economy, politics, culture, education, information technology (IT), 
health, environment, and institutions. There are, however, dissenting schools of 
thought on what constitutes the development of countries around the globe. In con-
temporary times, development indicators have been subsumed in human develop-
ment, peace and security, and the environment [16]. It follows that development 
indicators include basic human needs such as water and sanitation, health, educa-
tion, shelter, human rights, peace, livelihood, security, safe environment, and 
finance. Development scholars and experts’ interests therefore lie on discussing and 
measuring the extent to which people are able to attain their natural potentials. They 
based their arguments on the extent to which people’s socio-political, economic, 
and cultural environment ensure that they achieve their potentials with minimal 
constraint. Scholars and experts are also interested in proffering measures that will 
aid governments and citizens to protect and sustain natural environments during the 
course of their socioeconomic, political, and cultural activities [16].

In the past decades however, there are four main schools of thought in the schol-
arly discipline of development. The school that may be considered the earliest 
among these schools is the modernist development school of thought. Modernist 
thought elaborates the role of modernization when developing assumptions about 
development [17]. A second development school is the Marxist development school 
of thought [18]. The assumptions of this school of thought is dominated by Marxism 
principles. The school looks at capitalism as the major stimulator of economic cri-
sis. The third development school of thought is the neo-Marxism dependency school 
of thought. This school of thought lays emphasis on the incursion of capitalism into 
societies across the globe, particularly poor societies, and how this propels unwar-
ranted dependency of poor countries on rich countries [19]. The fourth development 
school of thought is the contemporary development school of thought which is nor-
mally argued from two fronts, namely, the globalist front and localist or neo- populist 
front. Like the neo-Marxism dependency development theorists, scholars that sup-
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port globalist development views rely mainly on postindustrial socio-political, cul-
tural, and economic assumptions. According to the globalist school, central to 
development is information and communication technology (ICT). Hence, for a 
country to be adjudged as developed, it must be able to invent or import and diffuse 
and use ICT to drive its development agenda [20].

The limitation observed in the ways globalist theorists represent local factors 
when observing and drawing conclusions on global development issues led to the 
emergence of the localist or neo-populist development school of thought. The neo- 
populist view was made popular in the mid-1970s as results of its paradigm which 
was then known as neo-populist thinking [21]. Its tenents are based on putting 
into primary consideration those societies, people, and individuals that are to be 
developed. To neo-populist theorists “putting into consideration” implies paying 
strict attention on people, their culture, situations, contexts, and more importantly 
their local knowledge when judging a society on the extent to which it has diffused 
and used ICT for socioeconomic and cultural development. As a consequence of 
this, development economists’ postulation that ICT is fundamental to the develop-
ment of societies resulted in the emergence of further studies that were concerned 
with evaluating the impact of ICT on development [22, 23]. The study of ICT and 
development has therefore become of interest to disciplines such as information 
systems, information science, human computer interaction, computer science, and 
communication studies, among others. Information and communication technolo-
gies have been heralded by scholars in these disciplines as having the capacity to 
drive operational efficiency of both public and private organizations [24, 25]. It has 
also been justified in the literature that ICT has efficiently and effectively impacted 
on managerial productivity of organizations across the globe. With regard to help-
ing organizations to augment and automate the operations they engage in to attain 
strategic efficiency, ICT has proven to be of high importance. Every form of orga-
nization has found ICT very important to the achievement of their corporate goals.

One primary importance of ICT is that it bridges the gap occasioned by space 
and time. In other words, ICT has helped people, organizations, and societies to 
communicate data, information, and knowledge irrespective of how wide apart their 
physical locations are [26]. By so doing, ICT has unprecedentedly reduced the time 
it takes to transfer data, information, and knowledge irrespective of the physical 
locations of the entities concerned. In the recent past, advances in telecommunica-
tion and mobile technologies have been recognized in the literature as prime factors 
that aid development [27, 28]. Every sector of the economy of developing countries 
has been positively impacted by ICT [29]. With regard to the impact of ICT on 
SKMS, the literature has revealed how the need to produce, organize, disseminate, 
and preserve scientific knowledge has resulted into the invention of different types 
of SKMS (e.g., [30]). These range from ICT advances in scientific knowledge con-
tent development like text editing application packages, formula creation applica-
tion packages, data extraction and trapping (including environmental, marine, and 
geospatial) packages, and automation packages for scientific knowledge ware-
houses including laboratories, workshops, and libraries. The wide range of solutions 
ICT that can be used to deploy resulted to assumptions that developing countries 
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have to look for ways to diffuse and utilize ICT to drive their development goals [15, 
31]. However, years of diffusion and use of ICT for diverse purposes and for 
 scientific knowledge management by developing countries seem not to yield 
expected development outcomes. This is exemplified by the widening of develop-
ment gap between developing and developed countries. The scenario has resulted 
into new debates on the actual factors that affect the extent to which ICT impacts the 
attainment of development goals set by developing countries.

For instance, one of the areas ICT is being diffused and used in developing coun-
tries is to support distribution and access to global scientific knowledge through 
internationalization [32]. Current realities, however, show that there is a wide gap 
between the scientific knowledge shared and accessed using ICT in developing 
countries and the actual amount of scientific knowledge produced around the globe. 
Nonetheless, developing countries have continued to endeavor to use ICT to man-
age their stock of scientific knowledge as a backdrop of the need to make them 
available to policy makers and development agents. Yet there is still a clamor on the 
unavailability of scientific knowledge produced in developing countries to stake-
holders. So between 1990 and 2015, a deluge of literature emerged in diverse disci-
plines. These literature endeavor to explain the factors that determine the extent to 
which ICT can support access to global scientific knowledge among key stake-
holder in developing countries and the factors that determine this [13, 30]. Issues 
regarding access to global scientific knowledge were therefore assumed to be deter-
mined by access to the Internet and the level of investments on computer hardware 
and software [29]. This results because in real-time and practice the Internet and 
computer have played vital role in supporting knowledge communication and trans-
fer across the globe. So Internet penetration rate in developing countries, particu-
larly in Africa, grew in an unprecedented rate. For instance, in Nigeria Internet 
penetration growth rate between 2000 and 2016 grew exponentially to 52% of the 
country’s population. This spurred the use of computers and the Internet in universi-
ties and research institutes in the country. It resulted in a number of studies that 
debated availability of computers and the Internet and their effects on teaching, 
learning, and research in Nigeria [32, 33]. This trend was also replicated in other 
developing countries [34–36]. Stakeholders therefore started to evaluate universities 
in developing countries based on the extent to which they were able to use ICT to 
achieve acceptable standards of learning, teaching, and research [32].

As a result of this development, reports in the literature indicate that individuals, 
corporate organizations, intergovernmental organizations, and governments con-
tributed to the growth of ICT investment in developing countries [37]. Despite 
attempts made by developing countries to diffuse and use ICTs as indicated by the 
number of computers available to individuals and organizations and Internet pene-
tration growth rate, targeted development goals were still not reached. In reality, 
there are still persisting needs for mass education, discharge of healthcare services 
to rural areas, and dissemination of knowledge to support economic activities, par-
ticularly in rural areas, among other needs [38]. In places where development goals 
were reached, the time frame with which the goals were reached normally does not 
match with projected time frame. This scenario is more profound when it comes to 
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using ICT to support scientific knowledge management. A good example is the 
scenario in Nigeria where training on IR was organized for Nigerian universities by 
the National Universities Commission (NUC) in 2010. The plan was that the train-
ing will empower all Nigerian universities to deploy IR in no time. However, as of 
now, only 13 of the 143 university degree awarding institutions have deployed IR in 
Nigeria. Issues that concern the failure of developing countries to meet with pro-
jected time frame resulted into a deluge of studies. Most of the studies revealed that 
power supply, cost of ICT, and capacity to diffuse and use ICT by universities are 
the major factors that hinder ICT use for productive scientific knowledge manage-
ment in developing countries. See, for instance, conclusions reached in studies done 
by [7, 8]. While the factors identified in existing studies are important to ongoing 
debates on ICT and development, issues relating to universities’ internal capacity 
came to the fore in this study. Findings in the study provide new dimension and 
insights into how internal capacities of universities in Nigeria impacted IR innova-
tion in the country. These issues are discussed in the next segment.

9.3  Scientific Knowledge Production Capacity, Knowledge 
Divide, and Development

The question on scientific knowledge production capacity of societies across the 
globe came to the fore as a result of the advent of the knowledge society. This is a 
backdrop of the way knowledge was construed in contemporary time. Knowledge 
denotes the end product of activity(ies) systematically carried out that lead(s) to the 
collection of valid and reliable data and inferences drawn after the data may have 
been appropriately analyzed and interpreted. Hence, it is believed that any society 
that has citizens that are able to coordinate activities that lead to knowledge creation 
across all the sectors of its economy and who do so actively is a knowledge society 
[39, 40]. So it follows that societies that are tagged knowledge societies are those 
that invest in facilities and activities that promote the creation of the knowledge 
required for taking vital decisions. This is considered important because knowledge 
is required to take decisions that touch contemporary societies’ sociocultural, politi-
cal, and economic lives. Given this new way of viewing what constitutes knowledge 
in contemporary societies, stakeholders started to construct indices with which soci-
eties can be categorized to those that are knowledge societies and those that are not.

The following criteria are among the popular criteria that were used to deter-
mine if a society is a knowledge society or not: information and communication 
technology (ICT) and connectivity, usable content, infrastructure and deliver-
ability, and human intellectual capability. Attempts have therefore been made by 
developing countries to use these indices to access the extent to which they have 
become knowledge societies. For instance, [40] argued that in sub-Sahara Africa, it 
is only South Africa that can be said to meet to some extent the knowledge society 
criteria. Statistics that are available on the amount budgeted by governments of 
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most developing countries for research show a wide gap between expenditure on 
research in developed countries and developing countries. Apart from this, the level 
of  information literacy of citizens in developed countries has also been adjudged 
to be higher than those of the developing countries. Information literacy has been 
defined as the ability of an individual to adequately recognize when she/he needs 
information, how to determine what constitute appropriate and adequate informa-
tion, how to get the information, and how to appropriately use the information to 
create the knowledge she/he requires for the taking decisions in question [41]. 
Knowledge societies are believed to have citizens with high information literacy 
level, who as a result support their countries’ knowledge creation agenda and pro-
ductivity driven by informed decision making. It follows that for those countries 
that are characterized as knowledge societies, the aggregate of their citizens’ infor-
mation generation activities contributes to their sociocultural, political, and eco-
nomic development. So institutional frameworks that support the integration of 
such countries’ scientific knowledge generation infrastructure are not taken for 
granted. See, for instance, the declaration of the President of the United States of 
America on information literacy [42].

Given the realities in developing countries, their scientific knowledge production 
capacity can easily be adjudged to be poor [40]. In most cases, the percentages of 
national budgets devoted to research and development are too poor to trigger signifi-
cant sociocultural, political, and economic outcomes [43]. Universities in develop-
ing countries are also poorly funded and have been accused to lack the knowledge 
generation infrastructure [44, 45] and the quantum of quality manpower required to 
drive large-scale research that is capable of producing relevant knowledge that is 
needed to aid development [44, 46]. Scholars from developing countries therefore 
prefer to be employed in developed countries where they can maximize their poten-
tials due to the adequacy of existing research facilities [47]. Consequently, scientific 
knowledge production capacity of universities in developing countries is influenced 
by several factors. The factors may include availability of research-friendly environ-
ment, brain drain, personnel, funds, and access to the right quality and quantity of 
scientific research [40, 47]. These factors have been well managed in developed 
countries as exemplified by the quality and the enormous quantity of research they 
produce. Given this scenario, issue relating to knowledge divide therefore emerged 
as one of the problems developing countries encounter in their bid to use ICT, par-
ticularly the Internet, to support development. Primarily, knowledge divide was 
construed based on the quantity and quality of knowledge available to people 
through the Internet [48]. Before the advent of knowledge divide however, issues 
that have to do with digital divide dominated discussions held on how developing 
countries are short changed as a result of the role ICT plays in the achievement of 
global development goals [49]. The invention and proliferation of personal comput-
ers (PCs) ameliorated to some extent, the digital divide menace. Outcomes of pro-
grams put in place globally to combat digital divide, for instance, through the 
deployment of telecenters [28] and intergovernmental organizations’ support for 
ICT acquisition and deployment [50] also contributed to the reduction, to some 
extent, of the digital divide menace. When the challenges of digital divide were 
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assumed to have been reduced to what was termed “manageable extent,” new reali-
ties evolved. These realities indicate that eradicating digital divide alone may not 
solve the problems associated with using ICT to achieve development goals. It was 
therefore observed that content produced and distributed using ICT is equally 
important to the use of ICT to support development in developing countries. This 
resulted to stakeholders’ interest on who produces and benefits from the scientific 
knowledge made available on the Internet [51].

This scenario led to new questions on how best to use ICT to drive develop-
ment in developing countries. The term knowledge divide was therefore coined 
to describe the disparity in the quantity and quality of scientific knowledge pro-
duced by, and accessible to, developed countries when compared with those of 
developing countries. Many scholars have suggested that majority of the scientific 
knowledge available through the Internet are those produced in developed country 
contexts. See, for instance, [51]. The implication of this according to concerned 
scholars is that majority of the ideas made available to policy makers, development 
agents, and governments through ICT-based scientific knowledge outlets do not 
directly address the situations in developing countries. Some Nigerian scholars, for 
instance, have outlined the effects of knowledge divide on Nigeria’s development 
programs, for example [7]. The fact that development agents, policy makers, inter-
governmental organizations, global development stakeholders, and governments 
across the globe have come to terms with the notion that development programs 
implemented in developing countries must be driven by the knowledge gener-
ated there also brought to limelight the need to tackle knowledge divide [52]. This 
therefore led to the efforts made to develop research capacity of scholars in devel-
oping countries. Efforts made include those channeled toward increasing their par-
ticipation in international conferences, workshops, and scholarly meetings where 
research capacity issues are discussed. For instance, in Nigeria, apart from univer-
sity-based grants for research, conference attendance, and foreign travels, federal 
and state governments have programs that are targeted at supporting research, con-
ference attendance, and foreign travels [53]. There are also a number of programs 
that have been developed to increase the number and quality of scholarly journals 
published in Nigeria and to ensure that they are included among those available 
online [54]. These programs also include plans to help scholarly journal publishers 
to effectively adopt ICT to drive every aspect of the cycle of scientific knowledge 
production and publishing [55]. It also includes call on journal publishers to serve 
as media for training emerging scholars [56].

Apart from this, global development initiatives put in place by United Nations 
practically focus on how to eradicate ignorance in developing countries. Hence, 
goals set revolved around improving literacy level, promoting education in rural 
areas and for girls and women, and advising governments on the percentage of 
national budge that should be dedicated to higher education and research [57]. The 
inclination to help developing countries to improve its knowledge creation and use 
capacity is visible in the Millennium Development Goals (MDGs) which has been 
reinvented to Sustainable Development Goals (SDGs) [58]. It is also visible in New 
Partnership for Africa Development (NEPAD) strategy to eradicate poverty, igno-
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rance, and starvation in Africa through democratic governance and appropriate 
global partnership for development. In Nıgeria the Kuru Declaration and the national 
economic empowerment and development strategy of 2005 also paid strong atten-
tion on education and expenditure on research and development [59]. Given the role 
ICT plays in improving access to knowledge, the assumptions about its costs and 
the barriers associated with access to ICT-based scientific knowledge, the open 
access initiative was therefore invented to alleviate these barriers. Open access was 
assumed to be a new antidote for solving the challenges that hamper the free flow of 
ICT-based scientific knowledge required to support development programs. The 
role open access plays since its invention and the assumptions of its creators are 
discussed in the next segment.

9.4  Open Access, Its Challenges and Development

In order for the open access initiative to solve two major problems  – cost and 
context- specific content issues – that affect the use of ICT in developing countries, 
it was designed to run on cheap technology and free and open source software. 
Although the open access initiative was invented in the West, the key focus of its 
inventors was to make developing countries safe from the menace of knowledge 
divide and to fight commercial publishers’ dominant role in the production and 
distribution of scientific knowledge [60]. The problem of access to scientific knowl-
edge, particularly those produced using public funds as a result of the business 
model put in place by commercial publishers, had become a global phenomenon. 
This is because it affects both developed and developing countries in different ways. 
The problems, however, had more effects on the development agenda of developing 
countries than it had on developed countries. Open access inventors that were based 
in the West therefore started to assume that if libraries, scholars, and organizations 
in developed countries struggle to meet the cost required to purchase and/or access 
available commercial publisher-based scientific knowledge, how much more would 
this affect developing countries. Hence, Steve Harnard’s seminal work on IR and 
Antleman’s successful use of open access outlet to justify the assumption that open 
access outlets promote access to scientific knowledge led to a global call for a para-
digm shift in the global scientific knowledge management landscape [61]. 
Consequently, in developed countries stakeholders started to argue that the payment 
done to acquire scientific knowledge output that was produced using public funds 
constitutes dual payment and means exploitation used by commercial publishers.

Developing countries, however, developed their own arguments from the per-
spective of what should constitute globally acceptable scientific knowledge man-
agement practice. According to [62], global scientific knowledge require global use 
and assessment by stakeholders before it can be adjudged as global scientific knowl-
edge value and validity. In other words, if scientific knowledge produced, for 
instance, in the West is not available for use in developing countries and in effect, 
for assessment, then such scientific knowledge may not be adjudged as having 
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global value and validity. This therefore means that while developed countries 
enjoyed the advantage of having the capacity to produce the vast majority of 
 scientific knowledge available globally, the fact that the scientific knowledge they 
produce do not receive the required global peer use and assessment also constitutes 
a challenge that stakeholders should be mindful of [62].

Given these scenarios therefore, the Budapest Declaration on open access was 
signed by several countries that believe that the open access initiative has the poten-
tial to eradicate problems of scientific knowledge circulation across the globe. The 
Budapest Declaration formalized the call for free and equitable access to global 
scientific knowledge. The Declaration led to two major radical changes in the scien-
tific knowledge management landscape. First, it led to the invention of open access 
journals. Second, it resulted into a new scientific knowledge publishing paradigm 
scholars referred to as self-archiving [61]. The open access journal was designed to 
have all the characteristics of the paper and online-based commercial publishers’ 
closed access journals. In other words, open access journals could perform essential 
functions which have been exclusively reserved for commercial publishers’ closed 
access journals. These functions include: registration of scientific knowledge out-
put, processing (editing, designing, and printing) scientific knowledge output, dis-
seminating scientific knowledge output, and preserving scientific knowledge output 
for posterity. Two major characteristics, however, distinguished open access jour-
nals from those of the commercial publishers’ closed access journals. These are, 
namely, free and no access cost and availability of publications to users on the first 
day of its publication [60, 63]. In other words, open access journals promise to 
reduce to the bearest minimum, the time between when scientific knowledge is 
produced and the time it is made available to users.

The self-archiving paradigm allows scholars to post their scholarly knowledge 
products online. It is based on the use of websites owned by individuals or those 
owned by organizations, such as universities, that scholars have affiliation with [61, 
64]. Hence, websites owned by individuals and organizations became platforms for 
self-archiving scientific knowledge output. The self-archiving paradigm over time 
evolved into the IR model in which universities, and later other research institutions, 
deploy IR-based platforms where they collect scientific knowledge output of their 
communities and make them available free of charge on the Internet. Given the 
nature of open access journals and IR, stakeholders assumed that they will speedily 
aid the eradication of knowledge divide. It was also conceived that open access 
journals and IR will make developing countries to have equal access to the global 
scientific knowledge output they need to support their development programs [8]. 
Disappointingly, the adoption of open access journals in developing countries has 
not been as dramatic as one would expect [8]. In fact, most open access journals are 
published by organizations and individuals in developed countries. This also meant 
that majority of the papers published in open access journals were authored by 
authors in developed country contexts and primarily on issues that concern devel-
oped countries; see, for instance, [65].

Many factors have been identified that slow the adoption of open access journals 
in developing countries. Primary among them is the cost of publication. The open 
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access journal initiative requires that authors should pay publication fees. The 
agreement is that open access journal publishers are expected to offset the cost of 
publishing from publication fees paid by authors so as to be able to make publica-
tions freely available to the public. Interestingly, open access journals are relatively 
cheaper to publish when compared to paper-based journals. However, its cost to 
authors, particularly those in developing country, is too expensive. Charges of most 
open access journals are done using currencies such as the US dollars, British pound 
sterling, and Eurozone euro whose values are far beyond currencies used in most 
developing countries. Apart from this, rigidity and poor institutional capacity have 
made the transition from closed access journals to open access journals very cum-
bersome in developing countries [6]. Acceptance of open access journals as appro-
priate outlet for disseminating scientific knowledge and to determine tenure and 
promotion of academics has been very slow in developing countries. Open access 
journals have been therefore criticized based on their free access philosophy, the 
speed of publication, and publication fee payment. It has been said that these fea-
tures subvert the culture of quality scholarly knowledge publication associated 
within centuries.

This is also the case with IR penetration in developing countries. Going by prac-
tical experiences, stakeholders’ assumption that universities in developing countries 
will see IR as a good opportunity to circulate the scientific knowledge output that 
are needed to support development has not been validated [3, 62]. Current statistics 
on the ownership of IR across the globe disappointingly show that developing coun-
tries still trail developed countries in the league of those countries whose universi-
ties have deployed IR to support access to scientific knowledge. In Nigeria 14 out of 
125 universities are enlisted in the OpenDoar directory of existing IR. Currently, the 
extant literature has provided information leading to theoretical assumptions on the 
reasons why IR innovation has had poor performance in developing countries [7, 8, 
10]. Central to existing theoretical assumptions is that IR barriers are university 
based. Hence, majority of the studies that have been done and ongoing studies focus 
on eliciting IR barriers that are connected to universities [6, 13, 11]. This has 
resulted in a situation in which the research subjects that are studied by IR scholars 
are mostly limited to librarians and academics and, on few occasions, university 
management, students, and IT personnel. Conceptual studies ranging from those 
written about a decade ago to those produced in recent time seem to limit IR phe-
nomena to universities [2, 7, 9, 62]. There is no doubt that these studies have con-
tributed immensely to ongoing debates on how to improve access to the scientific 
knowledge needed to support development in developing countries. However, the 
study reported in this chapter provides novel insights that IR barriers are not limited 
to those barriers inherent in universities. It proposes how to advance IR innovation 
outcomes in developing countries by reconstructing the institutional framework put 
in place to support the SKMS.
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9.5  Reconstructing Institutional Framework for Scientific 
Knowledge Management Systems: Nigerian IR 
Innovation Case

9.5.1  Structure of Nigerian Scientific Knowledge Management 
Systems

In Nigeria, like in most other countries, universities play pivotal role in the pro-
duction and distribution of scientific knowledge. Consequently in Nigeria, most 
universities lay strong emphasis on the need for creativity, research, and innova-
tion [10]. Apart from universities, Nigeria has a long-standing culture of establish-
ing and maintaining specialized research institutes. Disciplines of the humanities 
and languages, management and social sciences, and sciences and technology 
all have government-owned and government-funded research institutes. These 
research institutes are treated the same way universities are treated, except for 
the fact that they are not allowed to admit students and are not accredited by the 
NUC.  Nigerian research institutes, however, have strong affinity with Nigerian 
universities. They work collaboratively together on research that are of national 
interest. Consequently, institutions that are part of the Nigerian scientific knowl-
edge production and management system that are identified in this study include 
Nigerian universities, NUC and ANUV. Government-established funding agencies 
such as the Petroleum Trust Fund (PTF) and TETFund also constitute a signifi-
cant part of the scientific knowledge management structure in Nigeria. TETFund 
initiates programs that it funds based on the mandate given to it by government. 
TETFund, however, funds projects only in federal- and state-owned universities. 
Private universities do not benefit from their programs. However, major outlets 
used to disseminate research output in Nigeria are journals, conference proceed-
ings, textbooks, reports, reference materials, compendium, and electronic sources 
such as websites, portals, databases, and, in the recent time, blogs. Nigeria’s sci-
entific knowledge management systems get input from foreign journals, proceed-
ings, textbooks, reports, references, etc. The system relies primarily on electronic 
sources to access the materials published offshore.

In the recent past, open access sources are being harnessed and form a crucial 
part of the Nigerian SKMS.  A couple of open access journals are published in 
Nigeria, while most universities in the country are making frantic effort to innovate 
IR. Major players in the bid to ensure that Nigeria universities innovate IR are the 
universities, NUC, and Association of Nigerian Universities Vice-Chancellors. The 
Association of African Universities (AAU) also collaborates with the ANUV to 
train stakeholders on IR innovation as a way to support its Database for Africa’s 
Theses and Dissertations (DATAD) project. The DATAD project was initiated to 
collect electronic theses dissertation, of all member universities across Africa. 
TETFund funds research, conference attendance and foreign travels, and journal 
publishing done by Nigerian universities and scholars [66]. In a nutshell,  institutions 
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involved in the Nigerian SKMS deal in scientific knowledge production, dissemina-
tion, funding, and process coordination.

9.5.2  The Study, Study Site, and Study Investigation

The study aims to explain the barriers of IR innovation in universities in Nigeria 
as a way to provide other developing countries with explanations on IR innovation 
success factors. The study was done through empirical observation of IR innova-
tion efforts made by three universities in Nigeria. The universities are made up 
of two privately owned universities and one publicly owned (federal government) 
university. The two privately owned universities are, however, at different stages 
of their IR innovation. While one has plans to present a proposal for IR innovation 
through its university library to its university management, the other one has no 
plans for IR innovation. The publicly owned university, however, has an IR that is 
listed in the OpenDoar directory of IR. Qualitative data was collected through the 
following methods: observation, analyzing texts and documents, and informal dis-
cussions held with a few staff of the universities. Two secondary data sources, offi-
cial letters and internal memos, were triangulated with data got through observation 
and discussions. The data analysis technique that was used in the study is thematic 
data analysis [67, 68] using the Atlas.ti software. Themes regarding the barriers of 
institutional repository were identified and explained. Theoretical elaboration was 
done after research findings were presented as a means of building new theories of 
barriers of IR.

9.6  Findings and Discussing of Findings

9.6.1  Scientific Knowledge Production Capacity

The three universities studied are relatively young universities when compared to 
more established Nigerian universities. Hence, a good number of the academic staff 
of the universities are doctoral students in older federal- and state-owned Nigerian 
universities. This meant that the extent to which academics employed in the univer-
sities were involved in independent research is limited. This is mainly because of 
their commitment to their PhD research and indicates that the capacity of academics 
to carry out large-scale research in the universities is limited. Also, majority of stu-
dents in the universities are undergraduate students. The universities have very few 
postgraduate students who are enrolled for master degrees. The demography of aca-
demics and students in the case universities hampers their scientific knowledge pro-
duction capacity. For instance, one of the staff we discussed with during the 
observation commented that “if we deploy IR where are we going to get the 
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contents to deposit in it. Research activities here are not on top gear.” During a dis-
cussion with another staff, he complained that the quality of undergraduate research 
is “not something we will want to put out there on the Internet...it could discredit 
our struggle for quality.” There were also complains about inadequacy of facilities 
such as power supply, access to the Internet, and access to databases of recent pub-
lications in scientific journals. One academic staff in one of the universities com-
mented that “...you saw our library, it is not even enough for hundred students 
talkless of accommodating staff.” Another academic staff who recently returned 
from a postdoctoral research study abroad complained that “I have to buy my own 
data plans [mobile phone subscription based Internet access] to be able to use the 
Internet. This did not mean that I have access to required materials. No database 
here to access publications for my research.” Given the situations observed in the 
case universities, it is logical to conclude that scientific knowledge production 
capacity of the three universities is very low. Based on our findings, scientific 
knowledge production capacity of the universities studied was hampered by year of 
establishment, demography of staff and students, access to the Internet, and Internet- 
based scholarly resources.

9.6.2  Digital and Knowledge Divide

The digital and knowledge divide menace seem to have shifted from unavailability 
of computers to lack of access to Internet technology. Observation shows that most 
academics in the three case universities have self-purchased laptops of different 
grades and models. Most of them also have self-purchased Internet data plans with 
which they access the Internet. However, through observation and discussions held 
during the course of the study, we gathered that academics have issues with Internet 
connectivity and speed and access to required scientific knowledge contents. One of 
the academics we discussed with complained that “I have a data plan [Internet 
access plan] that I purchased from ...[one of the mobile phone service providers] but 
it never works. You pay and end up having nothing.” During a discussion with 
another academic staff, she complained that “I pay N 1,500:00 [about $4:00] to my 
university for Internet access, for over three months now I have not had any access, 
yet they deduct the money for Internet every month.” On another instance, one of 
the academics made a confession of how they manage the knowledge divide situa-
tion: “for us in the sciences, we call our friends abroad to send papers to us. Even if 
you go on the Internet you never get any meaningful thing.” Through observation 
done in the three case university libraries on availability of Internet-based scientific 
knowledge resources, we were able to determine that availability of scientific 
knowledge through the Internet was poor. None of the university library had fee- 
based electronic databases for scientific publications. They only have access to free 
databases such as HINARI, AGORA, and OARE. Most Google Scholar searches 
done returned materials published in open access journals and other free access 
sources. Good as this is, it also shows a gap in the kind of scientific knowledge 
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academics that have access in the case universities. While it was possible for respon-
dents to use their laptops and mobile phones to access the Internet, poor Internet 
connectivity and lack of relevant contents constituted the digital and knowledge 
divides that plagued the case universities, respectively.

9.6.3  Open Access Adoption Challenges

The level of awareness of open access initiative, particularly IR initiative, differs in 
the three case universities. In the two case private universities, although existed 
before the case public university, their open access awareness level was lower. 
While the public university has an IR that has been listed in the OpenDoar, the two 
private universities had no IR and have not yet made any formal plans on IR innova-
tion by the time this study started. The situation in one of the private universities is 
profound; its university librarian claimed that he has heard about IR in the past but 
has no plan to initiate its innovation. In this particular university, only one of about 
15 professional cadre library staff in the university library had a good knowledge of 
IR.  This particular staff claimed that he worked with a private organization that 
deals with ICT solutions before he was employed in the university library. In the 
second private university library, IR awareness was high, but formal IR plans had 
not been made. Other pressing needs such as automation of library operations were 
given precedence over IR innovation.

The university librarian there indicated that “for now we can’t talk about IR. What 
we urgently need is to have the university provide resources for our automation 
project.” The publicly owned university that has innovated its IR, however, has 
daunting challenges. Because the IT unit of the university handled the IR innovation 
project before librarians were employed at the inception of the university, librarians 
refused to take over the IR project. One of the librarians there complained that “the 
IR project was the business of the library in the first place, why is it that it is now 
that they want us to inherit what we did not start.” Consequently, we observed that 
the university’s IR has not been well populated with enough publications despite the 
fact that it has been listed in the OpenDoar. It has also not enjoyed adequate public-
ity within the university, since this is one of the primary areas where librarians’ 
services are required when it comes to IR projects. When the university librarian 
was asked about the university’s IR project, he simply put: I don’t know anything 
about it, go and ask the IT.” The IT director complained that “the library has refused 
to take over the running of the IR. İt is really making it very difficult for us to prog-
ress.” The internal crisis between IT and university library continues to constitute a 
barrier to IR use in the university. Given this revelations, internal organizational 
capacity seems to play very vital role in IR innovation. The fact that IT unit was 
given the mandate to carry out IR innovation instead of the university library consti-
tuted a barrier of IR innovation in the university.
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9.6.4  Institutional Framework

The secondary data collected during the course of the study show that the NUC has 
organized a couple of training on IR for Nigerian universities. However, NUC 
invites only librarians and IT personnel to represent universities in these free train-
ing workshops. Through discussions with some staff member of the university 
library, it was gathered that NUC is of the opinions that the two major players in 
universities with regard to IR innovation are librarians and IT personnel. 
Consequently, academics are conspicuously omitted in workshops NUC organized 
on IR innovation techniques. Notions put forward by librarians indicate that this 
scenario may have resulted because NUC did not take its time to find out those that 
constitute primary IR innovation stakeholders in universities. The NUC also did not 
find out from universities about those they felt were primary stakeholders in IR 
innovation. This scenario contributes to the low level of IR awareness and accep-
tance among academics in the case universities. Although the ANUV encourage 
each member vice-chancellor to discuss, encourage and provide resources for IR 
innovation in their universities, a gesture that seems to be a primary way key institu-
tions communicate with universities on IR innovation.

Findings from discussions held with some librarians revealed that the only place 
vice-chancellors discuss IR innovation is during the university management meet-
ing. This is considered not enough because university management meetings are 
only opened to principal university administrators such as deputy vice-chancellors, 
registrars, bursars, and university librarians. Our observation shows that moves 
made by vice-chancellors to acquaint their universities with IR innovation end 
up at the top management level and are mainly based on flimsy discussions on 
required resources for IR innovation. In addition to this, an IR workshop jointly 
organized by ANUV and the AAU also adopted NUC’s technique of inviting only 
librarians and IT personnel. Given that AAU liaised with ANUV, who constantly 
work hand in hand with the NUC to organize workshops, those invited were conse-
quently limited to librarians and IT personnel. The AAU was definitely influenced 
by ANUV and NUC to adopt existing invitation and participation protocol. This 
also meant that stakeholders such as academics, students, researchers, etc., that are 
important to IR innovation were left out of discussion concerning IR innovation in 
Nigerian universities.

With regard to TETFund, memo sent to universities from TETFund and contents 
of legislative act that set up TETFund indicate that TETFund has been mandated 
by government to fund research proposals, attendance of international conferences, 
foreign travel for research, and journal publishing in Nigeria. TETFund was estab-
lished as an intervention agency under the TETFund Act of 2011. As stated in its 
website (www.tetfund.gov.ng), TETFund mandate includes “the responsibility for 
managing, disbursing and monitoring the education tax to public tertiary institu-
tions in Nigeria.” Collaboration between TETFund, NUC, ANUV, and Nigerian 
universities has the potential to lead to policy regime which will facilitate a situ-
ation in which the scientific knowledge output of every research proposal funded 
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by TETFund would be compulsorily deposited in the author’s university IR. This 
is also applicable to papers presented in conferences attended by Nigerian par-
ticipants that were sponsored by TETFund. The presumed policy regime would 
have been instrumental in making journals published using fund interventions 
from TETFund open access journals. This development has the potential to 
help Nigerian universities to have more open access journals and in effect, more 
research papers deposited in their IR. Based on our observation, the major reason 
why TETFund has not initiated plans that have the potentials to aid IR innovation 
is because TETFund seems to be ignorant of its potential to support IR innova-
tion in Nigeria. It primarily assumes that disbursing and keeping records of funds 
meant for tertiary institutions are all it is established to do. Collaboration between 
TETFund and other IR innovation stakeholders would have been instrumental in 
making TETFund to realize an equally important mandate. Hence, most journals 
published with funds from TETFund are largely paper based and are without any 
form of online presence. Those that have online presence rely primarily on the 
African Journal Online (AJOL) project. Access to their contents as a result remains 
largely low and further deepens the knowledge divide syndrome and the extent to 
which scientific knowledge produced in Nigeria are made available to the global 
scientific knowledge community.

9.7  Theoretical Elaboration of Study Findings

9.7.1  Theoretical Elaboration of Study Findings

In the library and information science (LIS) discipline where most of the studies 
done on IR innovation were carried out, factors identified to be crucial to IR inno-
vation include awareness, availability, and accessibility [10]. These factors have 
also been used in the LIS discipline to assess other forms of online information 
resources. Awareness, availability, and accessibility of scientific knowledge, how-
ever, led to the evolution and proliferation of IR as a way of supporting the avail-
ability and accessibility of online information resources [8]. Since the turn of the 
twenty-first century, global development programs have been refocused to Africa 
and the development of other developing countries. The role scientific knowledge 
plays and the setback it access and use suffers because of digital and knowledge 
divide have been well underscored in the literature [48–50]. The dominant assump-
tion for the development of developing countries is therefore summed up in the 
fact that global scientific knowledge should be made readily and time available 
and accessible to developing countries. This resulted into the transfer and diffusion 
of the Internet and mobile technologies in developing countries. The Internet has 
therefore been instrumental in making the open access initiative to spread to and 
within developing countries.
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While cost of technology acquisition has been identified as major barrier fac-
tor [8], other factors such as organizational and institutional capacity to innovate 
Internet-based SKMS [14] and environmental factors  – power supply, adequate 
infrastructure, dominant beliefs, etc.  – have also been identified [7, 69]. In the 
ISDC field, Internet and environmental factors such as cost, capacity to innovate, 
power supply, dominant organizational beliefs, etc., were believed not to be the 
only dominant barrier factors. Barrier factors external to organizations, particularly 
institutional framework that can facilitate empowerment and collaboration of key 
institutions, have been underscored [15, 31]. The assumption that was generated as 
a result of this logic is that developing countries need institutional capacity that will 
facilitate the understanding of SKMS innovation requirements. This is to say that 
developing countries need to know how key institutions can collaborate in order for 
them to be able to put into check the intricacies of SKMS innovation [7]. The ISDC 
discipline has also proved that the evolution of both internal and external capacities 
required for SKMS innovation can be more meaningfully understood if assessed 
as a process and not as a state [15]. This therefore indicates that the development 
of both internal and external SKMS innovation capacities is progressional. This 
assumption therefore led to the following propositions derived based on the find-
ings of this study and insights available in the extant literature: SKMS innovation 
in developing countries should focus on understanding how to progress through 
internal capacity building to external capacity building in order to ensure institu-
tional collaboration. This proposition is explained in the next segment of using two 
models that emerged based on the study findings.

9.7.2  Emergent SKMS Innovation Model

The models derived through theoretical elaboration of the study findings is repre-
sented in Figs. 9.1 and 9.2. The models indicate the progression processes of IR 
innovation in developing contexts using examples from Nigeria. See, for instance, 
Fig. 9.1 below. Figure 9.1 shows two levels of IR innovation. The first level shows 
internal capacity level, and the second shows cross institutional collaboration level. 
In other words, the model points out that there are two levels in the building of IR 
innovation capacity. It further shows three possible progressions that can be adopted 
by stakeholders to move from internal capacity building (level one) to cross institu-
tional collaboration (level two). Level one explains the ability of universities to 
manage their internal capabilities, that is, their scientific knowledge production 
capacity, digital and knowledge divide, and open access adoption challenges. These 
issues have been addressed in a variety of studies on organizational impact on IS 
innovation (e.g., [7, 8, 70]. Internal capability of an organization involves its ability 
to manage organizational and social structures, learning and knowledge manage-
ment, and the impact ICT may have on the outcomes of activities put in place to 
manage these factors [70, 71].
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Level two has to do with the ability of national SKMS to be able to identify key 
institutions and put in place programs that will facilitate their collaboration. This 
entails making key institutions to know and understand their immediate and 
extended roles in the successful innovation of SKMS, in the case of this study IR 
innovation. Although key institutions have constitutionally determined mandates, 
the model derived in this study indicates that such functions can be aligned with 
SKMS needs in order for the nation to be able to derive maximal benefits from these 
institutions. The example derived in this study is that TETFund should insist that 
every research that is funded by it must be deposited in the IR deployed by authors’ 
universities and that the journals it funds should be open access journals. It is impor-
tant to note that the progression is not sequential; in the sense that universities’ 
internal capacities must be built before building collaboration capacity of key insti-
tutions. Our intention is to present a process that is interwoven and emergent. Given 
our intention therefore, practical experiences of each university and those of key 
institutions become the point through which actions to be taken must be determined. 
Room should also be given for the use of clues that may be derived through joint 
practical experiences of universities and/or identified key institutions. This there-
fore means that dialogue and frequent communication among universities and the 
key institutions must be ensured.

The model shows three major progression types experienced in Nigeria. The 
progression types were represented using arrows tagged as progression type a, pro-
gression type b, and progression type c. Progression type c is taken to be the ideal 
progression based on the findings of the study. This is because it represents a pro-
gression that is determined by communication and dialogue between university(ies) 
and key institution(s). The dual-pointed arrow indicates continuous communication 
and dialogue through which logics of IR innovation is shared. In the case of pro-
gression type a, the idea is that the institutions that provide(s) training, funds, 

Readiness Pre-Maturity Maturity Normative 
-Maturity

Building 
Universities’ Internal 
Capacity 

Building Cross 
Institutional 
Collaboration

Innovation of 
National

SKMS (e.g. IR 
Innovation)

IR becomes a Norm 
and Part of National 
SKMS for 
Development 

Fig. 9.2 SKMS innovation capacity level
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 leadership, and coordination for IR innovation provide IR innovation logics that do 
not put into consideration needs that are necessitated by contextual issues in univer-
sities. A good example as revealed in the study is the ways those to attend sponsored 
training we determined. There are also indications that identified key institutions do 
not consider the role other institutions within the SKMS of Nigeria could play in 
facilitating the achievement of IR innovation goals. Hence, collaboration among 
them was absent. Our study shows that the NUC, ANUV, and AAU that have con-
stantly organized IR innovation training have not considered that TETFund could be 
of help to the country’s IR innovation aspirations. In practice, the NUC, ANUV, and 
TETFund have not come together to reflect on how the different roles they play 
could synergized to ensure IR innovation success in Nigeria. This results because 
progression type a is the dominant progression types adopted in Nigeria. The 
absence of collaboration among identified key institutions resulted in the broken 
border of the box that housed them in the model shown in Fig. 9.1.

Progression type b represents a scenario in which IR innovation logics are com-
municated to key institutions by university(ies). Considering the nature of key insti-
tutions identified and the study, the transfer of IR innovation logics from universities 
to key institutions are done through knowledge spillover. In other words, most of the 
information key institutions have on IR innovation experiences of universities are 
those that are brought to them by principal officers of universities, particularly by 
vice-chancellors. Given the extent of awareness and acceptance of IR among aca-
demics (who by academic culture produce vice-chancellors), it will be logical to say 
that information provided to key institutions by vice-chancellors may not represent 
typical experiences of IR innovation in universities. This denotes a likely weak 
transfer of IR innovation logics and experiences from universities to key institutions 
who are meant to coordinate, fund, and provide leadership to universities with 
regard to IR innovation. This is the reason why the arrow that indicates communica-
tion between university(ies) and key institution is represented by a broken arrow.

We consider progression type c as the ideal progression. Our assumption is 
that universities and key institutions must jointly develop a progression strategy 
that incorporates both internal capacity development and cross institutional col-
laboration. For instance, universities can through the NUC make TETFund to come 
up with a policy regime that will ensure that academics that received grants from 
them become adhere to open access requirements. Conversely, TETFund can also 
through the NUC advice universities to provide further awareness information to 
academics in order for them to know more about the open access initiative. This 
is likely to make academics to see policy regimes put in place, for instance, by 
TETFund, as policies meant to facilitate national SKMS efforts and not to frustrate 
their research efforts and to debar them from getting funds from TETFund. If this 
scenario is enshrined, each university is provided with opportunity to explain its IR 
innovation challenges to relevant institutions eradicate IR problems, reinvent loose 
ends intertwined in the IR innovation process, and support appropriate IR innova-
tion plans. Progression type c facilitates a four-step progression subtypes, namely, 
readiness, prematurity, maturity, and normative progressions. This is represented in 
Fig. 9.2 below.
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As shown Fig. 9.2 the readiness level has to do with the period a university builds 
its internal capacity and in effects its readiness to innovate IR. A university’s readi-
ness involves building its scientific knowledge production capacity, eradicating 
digital and knowledge divide and promoting its open access adoption plans through 
the length and breadth of the university. The university then progresses to building 
collaboration with key institutions such as, in the case of Nigeria, other Nigerian 
universities, NUC, ANUV, TETFund, and, if need be, AAU. During the progression 
period, IR innovation will start to take a strong stand within the university. From the 
prematurity level of both universities and key institutions progress to maturity level 
where IR innovation has come to be known as notable part of national SKMS. Issues 
regarding appointment, promotion and tenure, and acceptable publication outlets 
and practices in connection with IR innovation would have been ironed out. 
Identified institutions would have deregulation expanded mandate that will make 
them redefine their roles. This level progresses to the cultural level where IR innova-
tion and use have become the norm, cultural, and taken for granted by universities 
and the institutions that support it. At this stage IR innovate has become a traditional 
part they indicates. Consequently, the progressions outlined are therefore taken to 
be social activities that could be socially constructed. It therefore follows that it will 
involve the identification, assessment, review, and building of norms, values, and 
socially negotiated acceptable ways of SKMS innovation.

9.8  Conclusion

The chapter reinforces argument on the fact that both internal factors inherent in 
organizations and institutional factors inherent in macro-contexts are important to 
IS innovation. This argument has been restated in this chapter with a sense of com-
mitment to the validity of calls made by stakeholders on the importance of micro- 
contexts to successful IR innovation. While attention is paid on larger contexts, we 
note that the technology in question and the contexts of organizations, in our case 
universities, are very fundamental to how progressions can be made from readiness 
through prematurity level to the normative level. As shown in the study, each of the 
universities studied had different contextual challenges that influenced the extent to 
which their internal capabilities were built to be receptive to IR innovation. The 
nature of institutions that exist at the micro level also impacts on the ways they are 
able to initiate programs that are supportive of SKMS. Here national culture comes 
to bear. The ways organizations display the level of flexibility required to expand its 
mandate to support equally important missions that are capable of supporting soci-
etal development become an issue. TETFund, NUC, ANUV, and AAU are organiza-
tions that have strong affinity with government. They have therefore built their 
organizational logics based on orientations that are similar to those of public orga-
nization. Their creativity and ability to align their official mandates with other man-
dates that are not explicitly expressed in the books remain low. We therefore 
conclude that frequent communication and dialogue among universities and key 
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institutions that are part of national scientific knowledge structure are important to 
ensure that they do what is required to support SKMS innovation meaningfully.
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Chapter 10
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in Sub-Saharan Africa
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Abstract This study empirically assesses the effects of formal institutions on ICT 
adoption in 49 African countries over the years 2000–2012. It deploys 2SLS and FE 
regression models (a) to estimate the determinants of ICT adoption and (b) to trace 
how ICT adoption affects inclusive development. The results show that formal institu-
tions affect ICT adoption in this group of countries, with government effectiveness 
having the largest positive effects and regulations the largest negative effects. However, 
while formal institutions generally affect ICT adoption positively, population and eco-
nomic growth tend to constrain ICT adoption more in low-income countries than 
middle-income countries. The results further demonstrate that the effects of ICT adop-
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10.1  Introduction

In recent years, there has been a major change in thinking about the appropriate role 
of telecommunications as growth and development enhancers. For instance, it has 
been stated that the adoption with diffusion of information and communication 
technologies (ICTs) promotes growth, and growth promotes ICT adoption and dif-
fusion [1–12]. Billón et al. [13]’s study of the patterns and factors affecting ICT 
adoption1 found that economic growth, education, and government effectiveness 
explain high ICT adoption rates positively in developed countries, while in develop-
ing countries the age of the urban population and Internet costs affect ICT adoption 
rates negatively. Kiessling [14] associated ICT adoption in 82 developed and devel-
oping countries with economic, financial, and political institutions, as well as with 
per capita income and education, discovering that institutional effects on ICT adop-
tion varied across countries but that they were comparable in terms of magnitude to 
those of education and per capita GDP. However, studies like [14] remain few, and 
even fewer of them address the role of formal institutions in ICT adoption. In this 
limited sense, [15] are correct that existing models “are not very useful to explain 
the breadth of technology adoption across countries. Indeed, aggregate diffusion 
models treat each country as a homogeneous unit, and cannot explain why some 
countries have a higher probability of adopting in a given year than others” (p. 3). 
In addition, such models have neglected the “wildfire phenomenon” in the spread of 
innovations outlined in [16, 17]; (cf. [18–21]). Furthermore, formal comparisons of 
the relative influences of institutional quality indicators on ICT within developing 
countries are also missing from existing literature (for instance, [22, 23]).

In this chapter, first, we assess the effects of formal institutions on ICT adoption 
across 49 African countries. Second, we analyze how ICT adoption affects develop-
ment in African countries. We concentrate on the two technologies, because among 
ICTs newer technologies and/or new uses of old technologies have had stronger 
impacts than others.

We link ICT adoption rates to the quality of formal institutions as predictors 
under control. Once we have estimated the factors determining ICT adoption, we 
examine how ICT adoption catalyzes development. Our approach departs from pre-
vious studies (cf. [13, 24]) in that its underlying hypothesis is that cross-country 
differences in institutional quality, and hence in ICT adoption, enhance or limit 
inclusive development, where formal institutions are measured by the World Bank 
indicators of governance.

The chapter is organized as follows: Sect. 10.2 describes the empirical model. 
We characterize key variables and data in Sect. 10.3. Section 10.4 implements the 
model and presents the results, while Sect. 10.5 concludes the exercise.

1 Wherever the term “adoption” appears in this study, it should be read and understood as “adoption 
with diffusion.” Under conditions of rapid technological change, an ICT that is just adopted may 
never be diffused, and for this reason we stress ICTs that have been adopted and penetrating the 
economy as catalysts for inclusive development.
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10.2  Empirical Model

To examine the impact of formal institutions on ICT adoption, we estimate the fol-
lowing regression:

 ICT EconGrowth Institutions Controlsi i i i i i i i= + + + + +* * * *a a b g l n0 ii  (10.1)

where ICT represents the average ICT adoption, measured as cellular (mobile) 
phone and Internet penetration rates, and EconGrowth is economic growth pre-
dicted to promote ICT adoption, a relationship well-documented in the development 
literature [5, 6, 10, 11, 12]. Institutions are formal institutions, Controls include the 
educational attainment of the population, expected to affect ICT adoption positively, 
a a b g0

* * * *, , ,i i I  are parameters to be estimated, λ are the country-fixed effects, and ν 
is the error term. A short theoretical underpinning of the model is available upon 
request.

Finally, ICT adoption catalyzes development, where development is character-
ized as structural change in the economy that is accompanied by measurable 
improvement in the quality of life of the people. Many times such improvements are 
measured as positive changes in HDI, real GDP per capita, labor markets (low 
unemployment, high wages, better working conditions, etc.), financial markets, pro-
ductivity, competitiveness, poverty reduction, human capital and technological 
knowledge, globalization, health, and security. In this study we take development to 
be inequality-adjusted HDI and estimate it as:

 Development IHDI ICT Zi i i i i i i iº = + + +*d d d e0 1 2  (10.2)

where δ are coefficients to be estimated, ICTi
* is estimated from (10.1), Z are the 

determinants of development not already included in (10.1), and ε is the classical 
error term. There is a lot on Eq. (10.2) in the literature, see, e.g., [25–29]), and so on.

10.3  Key Variables and Data

10.3.1  Dependent Variables for ICT Adoption (ICT)

Unlike [24] who measure ICT adoption as investment per worker of computer pro-
duced domestically and/or imported, here dependent variables are measured as the 
rates of adoption of mobile phones and Internet per 100 people, i.e., penetration 
rates. The use of these dependent variables is consistent with recent African knowl-
edge economy literature [30].

10 Linkages Between Formal Institutions, ICT Adoption, and Inclusive Human…



178

10.3.2  Determinants of ICT Adoption

Many factors determined ICT adoption. However, we stress only a few predictors, 
beginning with formal institutions.

Institutions and Institutional Quality Our key explanatory variable is governance. 
We define governance as the way in which policy makers are empowered to make 
decisions and the manner in which policy decisions are formulated and executed. The 
governance data come from [31] study, and the World Bank.2 The World Bank indica-
tors capture different aspects of governance as they are constructed from several 
sources including polls of experts and surveys of residents and entrepreneurs within a 
country, and they could be grouped into three concepts. The first concept is about the 
process by which those in authority are selected and replaced (political governance: 
voice and accountability, and political stability). The second has to do with the capac-
ity of government to formulate and implement policies and to deliver services (eco-
nomic governance: regulatory quality and government effectiveness). The last deals 
with the respect for citizens and the state of institutions that govern the interactions 
among them (institutional governance: rule of law, and control of corruption).

Each indicator normalized to range from −2.5 to 2.5, and with a zero mean and 
a standard deviation of one, provides a subjective assessment of some aspect of a 
country’s quality of governance. Higher values signal better governance. Despite 
data aggregation problems, one of the advantages of aggregate indicators is that 
they are more informative about broad notions of governance. Individual data pro-
vides a noisy signal of the broader concept of governance, which is good for statisti-
cal significance and not necessarily for economic significance. Although they lack 
sufficient random variations over time, aggregate indicators used in isolation mea-
sure different aspects of the impact of formal institutions on ICT adoption. Poor 
institutions, for instance, would influence aggregate economic growth by delaying 
productivity improvements. Productivity is an important channel for the effects of 
institutions on ICT adoption and hence on economic growth and development.

Other Variables Previous research has used many other explanatory variables. 
[13], for example, argued that disparities in ICT adoption depend on GDP per capita, 
population aged 15–64 years old, fraction of GDP that comes from the service sector, 
foreign trade as a percentage of GDP, population density, urban population size, 
educational level measured as years of schooling, government effectiveness, income 
level of the country, dummies for the dominant market structure, and language.

Caselli and Coleman II [24] associated adoption of personal computers with 
income per worker, and investment per worker is calculated either as investment in the 
computing power of the country, value of imports of computing goods and services, 
or the sum of the two. Other variables were the shares of GDP originating from agri-
culture and manufacturing, government spending as a percentage of GDP, manufac-
tured imports from OECD as well as non-OECD countries, country’s structure of 
property rights, and dummy for language. A notable omission here is human capital.

2 The World Bank data is available at: http://info.worldbank.org/governance/wgi/index.aspx#home.
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Kiessling [14]’s examination of the adoption of cellular telephony, Internet, and 
PC stresses economic, financial, and political institutions, arguing that good eco-
nomic institutions attract foreign interactions (investment, trade, aid) and are effec-
tive tools in devising effective anti-diversion and anticorruption policies. Among 
macro-economic variables, [14] also included changes in the general price level 
(CPI). The latter are warranted because cross-country comparison based on com-
mon prices is better than those made based on exchange rates; many developing 
countries have more than one exchange rate running parallel.

Regarding financial institutions the argument is that they either provide free mar-
ket opportunities or are friendly to the creation and delivery of such opportunities. 
How good these institutions are is normally reflected in rates of return on private 
investment, availability of private credit as a sign of the existence of a vibrant entre-
preneurial activity, and effective demand for ICTs.3 Among political institutions, [14] 
used “an index of political regime characteristics – Polity 2” (p.  39), freedom of 
press, rule of law, and round off his specification by including education, and income.4

10.3.3  Development Dependent Variables

The literature on the link between ICT adoption and development is huge (see, [32–
37]). The term of development is one of those things that nearly everyone knows, but 
no one knows how to measure precisely. Some experts measure development as eco-
nomic development, approximated by economic (real GDP per capita) growth. In 
truth development is broader than economic development, which is in turn wider 
than economic growth. Others measure development as the Human Development 
Index (HDI). The HDI encompasses real GDP, health (life expectancy), and educa-
tion (years of schooling). It also has an additional advantage that it can be adjusted 
for inequalities of income, wealth, poverty, gender, and so on, thereby yielding 
IHDI. One of IHDI weaknesses is that it is still an index and therefore lacks sufficient 
variations and may cause some statistical problems in small sample regressions (cf. 
[38]). IHDI is our preferred option for this study, nonetheless.

10.3.4  Key Determinants of Development

The determinants of development are just as many and complex as development 
itself. Below are those we considered.

Estimated ICT (ICT*) Among key predictors of inclusive development, we 
emphasize the role of ICT adoption as estimated in Eq. (10.1). This is just another 

3 Note that the existence of entrepreneurs with access to private credit is a key driver of capital 
formation in a Schumpeterian model – Eq. (10.2) above.
4 For a description of how the Polity 2 index is calculated, we refer the interested reader to [14]), 
p. 39ff.
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way of acknowledging the importance of formal institutions in development acting 
through ICT adoption (cf. [38–43]).

Other Development Determinants (Z) From the vast literature, the usual deter-
minants of development would include: geography, foreign trade, foreign aid, for-
eign direct investment (FDI), remittances, and so on (see, e.g., [44–46]). However, 
we assume African countries to be geographically homogenous, so that the effects 
of geographical factors are constant. Even as we do so, we know that development 
can be measured by its narrower quality-of-life representations like health, partici-
patory democracy, education, privacy and security, innovations, employment, eco-
nomic performance, and poverty reduction. In such cases determinants of 
development can be varied. For instance, in [47]), development is represented by 
“high growth entrepreneurship,” which is driven by trade-related intellectual prop-
erty rights (TRIPS). As the model available as Supplement 1 shows, the results 
reported in here place a Baumolian-Schmpumpterian emphasis on the entrepreneur 
as a driver of dynamic development. In fact, according to Schumpeter [53], Becker 
et al. [54], and Bazhal [55], in a Schumpeterian economy, technological knowledge 
such as ICT depends on the profit made possible by the risk-taking entrepreneur. 
The entrepreneur succeeds profitably under an enabling social setting implied by 
the country’s level of development (see, [47], pp. 6–7). An implication of such an 
approach is that the effects on development of ICT adoption are weak or negative; 
it does not necessarily imply that adoption rates are low; it could be that entrepre-
neurship and/or the social organization are somehow reluctant to change.5 We know 
that [47]) used real interest rate as a proxy for the cost of capital. However, due to 
the lack of reliable data on African capital markets, here we use domestic credit as 
an indicator of the local banking sector and a source of capital for the entrepreneur. 
The lack of credit constrains the entrepreneur, and without profits ICT adoption is 
not possible, and without ICT adoption growth and inclusive development are 
stunted.

10.3.5  Data

To establish a sample of 49 African countries listed at the bottom of Table 10.1, we 
modify the World Bank country classification in only two groups: low income and 
middle income. We do so because in the high-income category, there are only two 
African countries: Equatorial Guinea and Seychelles. The upper middle-income 
group has only five African countries. This adjustment is defensible because one can 
argue that these countries are not advanced in terms of ICT. Variable definitions, 
data, and data relating to ICT adoption (Eq.  10.1) and inclusive development 

5 We refer the interested reader to Willian J.  Baumol’s The Free-Market Innovation Machine: 
Analyzing the Growth Miracle of Capitalism. Princeton/Oxford: Princeton University Press, 2002. 
However, this great work was not fundamental to our work and therefore we do not include it in 
our list of cited work.
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(Eq. 10.2) are available as supplementary material. Here note again that ICT adop-
tion is measured as Internet penetration rates and mobile penetration rates. Inclusive 
development is represented by inequality-adjusted HDI (IHDI). The IHDI adjusts 
HDI for inequality by accounting for the manner in which such achievements are 
distributed within the population controlling for the mean values of achievements for 
inequality, where HDI is defined as the average of results in three main areas, nota-
bly: (i) knowledge, (ii) decent living standards, and (iii) health and long life. In the 
African context, as elsewhere in developing countries, control variables for the 
human development equation would encompass: development assistance, private 
domestic credit, remittances, and foreign direct investment. The choice of these vari-
ables is consistent with recent literature on inclusive development/growth [44–46].

10.4  Empirical Strategy and Results

Our strategy involves estimating Eqs. (10.1 and 10.2). The first regression in both 
cases is for the entire sample of 49 countries. The second regression focuses on 28 
low-income countries, the third on 21 middle-income countries. We use two related 
estimators: 2SLS and IV FE, corrected for an unknown and unobserved form of 
heteroscedasticity.

Tables 10.1, 10.2, 10.3, 10.4, and 10.5 present the results. Specifically, Table 10.1 
shows 2SLS effects of formal institutions on mobile phone penetration across the 
full sample of 49 African countries (Panel A) and across the subsamples of 28 low- 
income (Panel B) and 21 middle-income (Panel C) countries. For all countries for-
mal institutions promote ICT adoption, with the government effectiveness 
contributing most positively. Considering the 28 low-income and the 21 middle- 
income countries separately, formal institutions strongly determine ICT adoption in 
all cases, except for the quality of regulations which undermines ICT adoption in 
middle-income countries. This is probably because the regulations are not suffi-
ciently tailored toward enhancing ICT adoption. Moreover, the positive effects of 
corruption control and political governance are not significant for ICT adoption in 
low-income and middle-income countries, respectively.

Regarding control variables, economic growth and population growth have dis-
advantaged ICT adoption in this group of countries. The result is reasonable, 
because if population grows faster than real GDP, then per capita real GDP upon 
which the calculation of economic growth is based would be low and ICT adoption 
similarly constrained. Furthermore, if growth does not trickle down to the poor seg-
ments of the population, then ICT adoption would not increase. Such a narrative 
would be consistent with the position that the rich in Africa, as elsewhere, prefer the 
quality of children to the quantity of children. Therefore the wealthy have fewer 
children than the poor [48]. Hence, population growth is mostly traceable to the 
poor segments of the population. This interpretation is buttressed further by the fact 
that the recent growth resurgence in Africa that began in the mid-1990s has not 
benefited the poor [49]. In fact, a World Bank report has revealed that extreme 
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poverty has been decreasing in all regions of the world with the exception of Africa 
where 45% of countries were substantially offtrack from achieving extreme poverty 
reduction targets [50]. While population and economic growth have restricted ICT 
adoption, openness to trade and human capital accumulation has had positive 
effects.

By 2SLS formal institutions also promote ICT adoption measured as Internet 
penetration rate (Table 10.2). As with cellular (mobile) phone penetration rate, the 
quality of regulation is inversely correlated with ICT adoption in middle-income 
countries. Unlike in the full sample, population growth, trade, political stability, and 
rule of law affect ICT adoption negatively when the sample is disaggregated by 
income levels. Still, formal institutions generally improve ICT adoption in these 
countries, although improvements vary by income levels. It is apparent from the 
results that ICT adoption in Sub-Sahara Africa (SSA) is driven by formal  institutions 
more in low-income countries than middle-income countries. Put in standard eco-
nomic theory, given formal institutions, the marginal product of ICT adoption 
increases at an increasing rate in low-income countries, but diminishing returns to 
ICT adoption appear to set in at middle-income level. Consequently, while both 
groups of countries gain from ICT adoption, for development the benefits of ICT 
adoption are greater for poor than for rich countries.

Country Classification by Income Level 

Income levels Countries

Low-income 
countries ($ 1,045 
or less)

Benin, Burkina Faso, Burundi, Central African Republic, Chad, Comoros, 
Congo, Dem. Rep, Eritrea, Ethiopia, Gambia, The, Guinea, Guinea-Bissau, 
Liberia, Madagascar, Malawi, Mali, Mozambique, Niger, Rwanda, Sierra 
Leone, Somalia, South Sudan, Tanzania, Togo, Uganda, Zimbabwe

Middle-income 
countries 
($1,046–12,735)

Angola, Cape Verde, Cameroon, Congo, Rep., Côte d’Ivoire, Djibouti, 
Egypt, Equatorial Guinea, Gabon, Ghana, Kenya, Lesotho, Mauritania, 
Mauritius, Morocco, Namibia, Nigeria, São Tomé and Principe, Senegal, 
Sudan, Swaziland, Zambia

Source: World Bank available at http://data.worldbank.org/about/country-and-lending- 
groups#Low_income (Accessed on June 2016)

To examine the strengths of the 2SLS results, we ran the Hausman test for endo-
geneity, and the choice of the IV FE approach was based on that outcome. IV FE 
results are reported in Tables 10.3 and 10.4. Ceteris paribus, government effective-
ness and population growth restrict ICT adoption, all else have positive effects. By 
income levels the IV FE estimator yields negative institutional effects on ICT adop-
tion except for the corruption indicator. For all 49 countries, corruption, regulation, 
trade, and population growth assist ICT adoption, and all else have negative effects, 
although statistically insignificant in most cases. By income levels, political stabil-
ity and corruption decrease ICT adoption in low-income countries, and ICT adop-
tion is favored by political stability, regulatory quality, and government effectiveness 
in middle-income countries. The negative effects may be traceable to the fact that 
formal institutions are a necessary but not a sufficient condition for ICT adoption 

A.R. Andrés et al.

http://data.worldbank.org/about/country-and-lending-groups#Low_income
http://data.worldbank.org/about/country-and-lending-groups#Low_income
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when country-specific effects are considered. It is also important to note that the 
findings in Tables 10.1 and 10.2 hold only when we control for simultaneity, while 
those in Tables 10.3 and 10.4 stem from controlling for both simultaneity and unob-
served heterogeneity. A broad implication here is that while formal institutions 
could enhance the adoption of ICT in SSA, policy makers still need to take into 
account country-specific institutional arrangements in determining ICT adoption 
outcomes. A corollary explanation is that the weight of countries with negatively 
skewed government quality variables significantly influences the outcome of all 
countries, leading to unexpected signs of the estimated coefficients. Consequently, 
while the significance of such results may be questionable from the statistical view-
point, the results are nonetheless important from the economic perspective. They 
suggest that formal institutions are critical to ICT adoption, in both positive and 
negative ways.

The findings in Table 10.5 are about the effects of ICT adoption on inclusive 
development estimated by the 2SLS (columns 2–5) and by the IV FE (columns 6–9) 
methods. In the full sample, ICT adoption strongly affects inclusive human develop-
ment. The effects of ICT adoption on development are comparable to those of pri-
vate domestic credit availability and foreign direct investment. The fact that foreign 
aid limits inclusive human development is consistent with conclusions of [51]) in 
Africa. Moreover, positive effects of private domestic credit and foreign direct 
investment are also in accordance with recent inclusive growth/development litera-
ture on developing countries [44, 45, 52]. Clearly, ICT adoption increases inclusive 
development, and the propensity to do so is higher in low-income countries than in 
middle-income countries. Just as clearly, the evidence shows that holding ICT adop-
tion constant, there is competition between domestic factors and forces tending to 
increase development and external factors and forces pulling in the opposite 
direction.

10.5  Conclusion

We have argued in the chapter that ICT adoption is a catalyst for inclusive develop-
ment of developing countries. We scrutinized data for 49 African countries to sup-
port our argument. Using 2SLS and IV FE strategies, first we examined the impact 
of formal institutions on ICT adoption and found them strong at both the aggregate 
and disaggregated levels, with government effectiveness having the largest positive 
effects and regulations the biggest negative effects. Overall formal institutions 
appear more important to ICT adoption in low-income countries than in middle- 
income countries, suggesting increasing returns to ICT adoption in low-income 
countries and constant or diminishing returns in middle-income countries. 
Population and economic growth tend to constrain ICT adoption with low-income 
countries more negatively affected than middle-income countries.

Next we have assessed how estimated ICT adoption catalyzes development. Here 
the results are unambiguously clear that ICT adoption has strong and statistically 
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significant effects on inclusive development on average. However, the results 
indicate that the positive effects on inclusive development of ICT adoption compare 
well to those of domestic private credit and foreign direct investment. Given posi-
tive ICT adoption impacts, we conclude that it is the external factors like foreign aid 
rather than internal factors like the availability of credit which hinder inclusive 
development in these countries. Again, average ICT adoption rate is higher in low- 
income countries than middle-income countries, which seems to suggest an 
inverted-U relationship between ICT adoption rate and income level (Eq.  10.1). 
According to Eq. (10.2), although their average ICT adoption rate is lower, middle- 
income countries gain more from ICT adoption for their inclusive development than 
low-income countries. This result might arise due to the nature of the formal institu-
tions in these countries, as well as the analysis of ICT disparities that can be influ-
enced by other variables limiting development.

The policy implications of the results suggest the need for improvements in for-
mal institutions and the strengthening of domestic sources of ICT adoption and 
inclusive development. Doing so may require less stress on external factors like 
foreign aid, and that too would carry an opportunity cost. For future research there 
remains a need to broaden the sample to include more or all developing countries 
and to fine-tune both the modeling and estimation techniques.

Acknowledgments We thank the editor and one anonymous reviewer for constructive comments 
on earlier drafts of the paper.

 Supplementary Material for the Editor

 Supplement 1: The Theory Behind the Model

We assume a basic Schumpeterian model in which the economic activity is described 
as:

 
Y A S Xi i i i i

i i i= ( ) ( )a b g exp m
 

(10.3)

where, Yi is the real GDP of the ith economy, in Schumpeter’s terminology Ai (tech-
nology, including ICT) and Si (socioeconomic setting, including institutions) are 
“evolution components”, Xi are “growth components”, including conventional fac-
tors of production, and all variables are dated ([53]; cf. [54, 55]). Central to growth 
among Xi is capital accumulation, which over time depends on investment (I) equal 
to savings in a steady state. Savings come from profit (π) made possible by techno-
logical change and the socioeconomic setting surrounding it. The evolution of the 
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socioeconomic environment is a function of resources, technology, and level of 
development, i.e.:

 

dK

dt
k

dI

dt
f A S

dS

dt
s X A Sit it

i i i
it

i i i= = ( )( )é

ë
ê

ù

û
ú = ( ) =p p, ,, ,, p, , rrofit.

 
(10.4)

A Schumpeterian technological change is discontinuous due to five initiators: (a) 
introduction of new ideas, requiring technological know-how; (b) introduction of 
new production techniques for which funds (credit) are essential; (c) discovery of 
new sources of supply; (d) discovery of new markets; and (e) change in the structure 
and organization of the industry involved. Thus, in dynamic form Eq. (10.1) is char-
acterized by the Schumpeter-Kondratiev waves (cycles), such that Ai over time is 
sinusoid, i.e.:

 
A t A t bti ( ) = + +( )( )0 exp cosj y

 

and ¶ ¶ = -( ) +( ) + +( )( )A t A b bt t bt/ sin exp cos ,0 j y j y  which is consistent with 
[15] Eqs. (10.3 and 10.4 (p. 6)), but we do not pursue this line of thought further. 
Instead, from Eq. (10.1) we solve for Ai as:

 A Y S Xi i i i
i i i i i= - -1/ / / .a b a g a

 (10.5)

Dividing both sides of Eq. (10.3) Equation 10.5 by some specific X Xi i= *  such 
as population or labor (worker), and taking the natural logs on both sides, we get a 
per capita (per labor, per worker, per head) indicator of adoption with diffusion as 
follows:

 


 Ai i i i i i i iy s x= + + +* * *a b g m  (10.6)

where 
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This all shows that in the main document, the ICT equation is the equivalent of 
10.(6) Eq. (10.4) above, and the development equation is Eq. (10.1) 10.3.
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 Supplement 2: A Note on Country Classification by Income 
Level

The World Bank classifies countries as developing if they are low income ($0–1,045 
per capita) and lower middle income ($1,046–4,125 per capita). Countries with 
upper middle incomes ($4,126–12, 735 per capita) and high incomes ($12,736 or 
higher) are classified as being developed. The classification is arbitrary. No particu-
lar line of reasoning is given for why the cutoff point between “developed” and 
“developing” is set at $12,735. There is no reason to believe that a country just 
below the cutoff line cannot be more “developed” than a country just above it. For 
instance, Equatorial Guinea has a higher average income level than both China and 
South Africa, but its industrial base and technological structure are miles far behind. 
This is one of the reasons we modified the World Bank and grouped African coun-
tries into two groups: low-income group consisting of 28 countries, and middle- 
income group made up of 21 countries. This reclassification is consistent with our 
understanding of both ICT and development in these countries.

 Supplement 3: ICT Variable Definitions and Data Sources

Variables Signs Definitions Sources

Mobile phone Mobile Mobile phone subscriptions (per 100 people) WDI
Internet Internet Internet subscriptions (per 100 people) WDI
Telephone Telephone Telephone subscriptions (per 100 people) WDI
Political stability PolS “Political stability/no violence (estimate): 

measured as the perceptions of the likelihood 
that the government will be destabilized or 
overthrown by unconstitutional and violent 
means, including domestic violence and 
terrorism”

WGI

Voice and 
accountability

VA “Voice and accountability (estimate): measures 
the extent to which a country’s citizens are able 
to participate in selecting their government and 
to enjoy freedom of expression, freedom of 
association, and a free media”

WGI

Government 
effectiveness

GE “Government effectiveness (estimate): 
measures the quality of public services, the 
quality and degree of independence from 
political pressures of the civil service, the 
quality of policy formulation and 
implementation, and the credibility of 
governments’ commitments to such policies”

WGI

(continued)
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Variables Signs Definitions Sources

Regulation quality RQ “Regulation quality (estimate): measured as 
the ability of the government to formulate and 
implement sound policies and regulations that 
permit and promote private sector 
development”

WGI

Corruption control CC “Control of corruption (estimate): captures 
perceptions of the extent to which public 
power is exercised for private gain, including 
both petty and grand forms of corruption, as 
well as ‘capture’ of the state by elites and 
private interests”

WGI

Rule of law RL “Rule of law (estimate): captures perceptions 
of the extent to which agents have confidence 
in and abide by the rules of society and in 
particular the quality of contract enforcement, 
property rights, the police, the courts, as well 
as the likelihood of crime and violence”

WGI

GDP growth GDPg GDP growth rate WDI
Trade openness Trade Import plus exports of goods and services (% 

of GDP)
WDI

Population growth Population Total population growth (annual %) WDI
Education PSE Primary school enrolment (% of gross) WDI

WGI World Governance Indicators, WDI World Development Indicators, GDP gross domestic 
product

 Supplement 4: ICT Summary Statistics

Mean SD Min Max Obs

Mobile phone penetration 23.379 28.004 0.000 147.202 572
Internet penetration 4.152 6.450 0.005 43.605 566
Telephone penetration 3.039 5.810 0.005 32.455 565
Political stability −0.543 0.956 −3.323 1.192 578
Voice and accountability −0.646 0.737 −2.233 0.990 578
Government effectiveness −0.771 0.620 −2.450 0.934 577
Regulation quality −0.715 0.644 −2.665 0.983 578
Corruption control −0.642 0.591 −1.924 1.249 579
Rule of law −0.741 0.662 −2.668 1.056 578
GDP growth 4.714 6.322 −47.552 63.379 608
Trade openness 78.177 36.138 20.964 209.874 597
Population growth 2.361 0.948 −1.081 6.576 588
Education 97.446 25.895 32.199 181.700 470

SD standard deviation, Min minimum, Max maximum, Obs observations, Adj adjusted
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 Supplement 6: IHDI Variable Definitions and Data Sources

Variables Signs Definitions Sources

Inclusive 
development

IHDI Inequality-adjusted human development 
index

UNDP

Mobile phone Mobile Mobile phone subscriptions (per 100 people) WDI
Internet Internet Internet subscriptions (per 100 people) WDI
Telephone Telephone Telephone subscriptions (per 100 people) WDI
Foreign aid Aid Total official development assistance (% of 

GDP)
WDI

Private credit Credit Private credit by deposit banks and other 
financial institutions (% of GDP)

WDI

Remittance Remit Remittance inflows (% of GDP) WDI
Foreign investment FDI Foreign direct investment net inflows (% of 

GDP)
WDI

UNDP United Nations Development Program, WDI World Development Indicators, GDP gross 
domestic product

 Supplement 7: IHDI Summary Statistics

Mean SD Min Max Obs

Inequality-adjusted human development 0.721 3.505 0.129 0.768 485
Mobile phone penetration 23.379 28.004 0.000 147.202 572
Internet penetration 4.152 6.450 0.005 43.605 566
Telephone penetration 3.039 5.810 0.005 32.455 565
Foreign aid 11.687 14.193 −0.253 181.187 606
Private domestic credit 18.551 22.472 0.550 149.78 507
Remittances 3.977 8.031 0.000 64.100 434
Net foreign direct investment inflows 5.332 8.737 −6.043 91.007 603

SD standard deviation, Min minimum, Max maximum, Obs observations, Adj adjusted
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 Supplement 8: IHDI Correlation Matrix (Uniform Sample  
Size: 324)

Foreign 
aid Credit Remittances FDI Mobile Internet Telephone IHDI

1.000 −0.173 −0.037 0.411 −0.165 −0.196 −0.223 −0.382 Foreign aid
1.000 −0.084 −0.065 0.514 0.511 0.614 0.529 Credit

1.000 0.115 −0.050 −0.035 −0.062 −0.027 Remittances
1.000 0.111 0.072 −0.029 −0.001 FDI

1.000 0.749 0.504 0.626 Mobile
1.000 0.669 0.649 Internet

1.000 0.747 Telephone
1.000 IHDI

Credit Private domestic credit, FDI foreign direct investment, Mobile mobile phone penetration, 
Internet Internet penetration, Telephone telephone penetration, IHDI inequality-adjusted human 
development index
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Chapter 11
Inequalities in the Appropriation of Digital 
Spaces in Metropolitan Areas of Latin 
America

Roxana Barrantes and Eduardo Vargas

Abstract This study discusses the role of information and communication tech-
nologies (ICTs), especially the Internet, in three Latin American capitals in people’s 
ability to attain the lifestyle they value and how inequalities in this ability or “infor-
mation richness” can be explained by sociodemographic characteristics that do not 
depend on the individual’s decisions. The analysis is conducted using an Information 
Richness Index that includes information about the three barriers that people face in 
making significant use of the Internet: access to the Internet, skills for using ICTs, 
and the ability to function well in digital environments. Econometric estimations 
show that women, people who are not active in the workforce, and older adults, 
particularly senior citizens, have lower IRI levels, while each additional year of 
education and belonging to learning communities have a positive effect on the level 
a person achieves.

Keywords ICT4D • Open development • Digital inequality • Latin America 
• Metropolitan cities

11.1  Introduction

In recent years, information and communication technologies (ICTs) have been 
changing the way we live and relate to one another. The creation of structures and 
dynamics based on ICTs is not only important for reducing transaction costs and 
allowing access to a considerable amount of information, but it also is beginning to 
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shape new venues for interaction and integration, where users can participate in a 
way that was impossible in non-digital spaces [1]. Digital environments thus become 
potential equalizers and offer an opportunity to accelerate the path toward develop-
ment and toward freedom for people to choose the kind of lifestyle they have reason 
to value [2].

In contexts of great inequality, such as Latin America, however, the most vulner-
able people tend to suffer different and varied types of exclusion; as a result, com-
pared to those who are wealthier, they are at a serious disadvantage in significant 
access to and use of digital spaces [3, 4]. According to data from Peru’s National 
Institute of Statistics [5], 52.9% of Peru’s urban population does not use the Internet. 
This group largely belongs to low-income households. Because of gaps in other 
areas, digital inequality could therefore reinforce the exclusion experienced by the 
poorest people instead of opening up new opportunities for social inclusion.

The purpose of this chapter is to analyze the degree of appropriation of the 
Internet and sources of “information inequality” in three Latin American capitals: 
Buenos Aires, the capital of a high-income country; Lima, the capital of a middle- 
income country; and Guatemala City, the capital of a country where income is still 
low. This will provide an overview of Internet appropriation in areas of the region 
with high teledensity.

Besides analyzing differences in access by individuals, the study will also take a 
deeper look at the complexity of Internet use. An Information Richness Index (IRI) 
will be constructed incorporating information about the three barriers that people 
face in making significant use of the net: Internet access, ICT skills, and the ability 
to function well in digital environments [6]. The index will provide insight into how 
effectively people can expand their freedom through Internet use [1]. The data are 
taken from the “Survey about Internet use: Platforms and open data – 2014,” one of 
the few surveys that has collected detailed, representative information about pat-
terns of Internet access and use in the region.1

11.2  Internet, Development, and Inequality

11.2.1  Internet as a Means and an End: Open Development 
and Information Richness

ICTs, especially the Internet, are significantly changing the way we live and relate 
to one another. As the “Information and Communication Technologies for 
Development” (ICT4D) approach indicates, ICTs are a set of tools that are useful 
and necessary for overcoming the challenges posed by development [10]. The 

1 The survey is part of a significant research effort by the DIRSI network, with financial support 
from IDRC. Analysis of the descriptive statistics for each of the three cities can be found at DIRSI’s 
web page [7–9] (Consulted: 05 July 2016).
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Internet significantly reduces transaction costs for accessing information and 
resources and for establishing communication. It therefore increases the user’s abil-
ity to make better decisions about consumption, with more information about the 
prices and quality of products and services, as well as decisions about production, 
with more information about providers, competitors, and demand [11].

This approach emphasizes the use of these innovations as tools for improving 
people’s quality of life [12, 13]; as a policy development strategy, Castells proposes 
expanding access to ICTs and the education necessary for using them, to ensure that 
no one remains unconnected or left behind in the information society [14].

Castells’ analysis, however, omits the relational and collaborative nature of the 
information society and presents ICTs merely as a means to a higher end [14]. This 
limitation became clearer with the rapid advance in mobile connectivity worldwide 
and its impact on people’s lives and welfare.2 As Smith et al. [11] argue, based on the 
ideas of Sen [2], the use of mobile telephones, and even more so of the Internet, 
affects users’ abilities because they change their position with respect to the resources 
necessary for development. This occurs in at least two ways: first, by increasing 
access to recent, relevant information and, second, by expanding the possibility of 
establishing connections among people and of connecting with new people.

As the digital sphere penetrates more intensely into everyday life, ICTs not only 
become tools, but, as Benkler [16] argues, they also begin to shape new social sys-
tems with structures and activities based on information networks. Appropriation of 
ICTs, and especially of the Internet, allows a new level of interaction among people 
and institutions, making feasible the implementation and strengthening of three 
types of networks: social and community networks, economic and labor networks, 
and political networks [11]. New platforms and venues for integration are being 
shaped, in which users can participate in a way that is impossible for them outside 
the Web [1].

It is in this context that, using the contributions of Amartya Sen [2] about the 
capability approach and development and those of Dorothea Kleine [17] about the 
role of ICTs as amplifiers of these capabilities, Mathew Smith et al. [14] unify and 
complement the work of Castells [10] and Benkler [16] to develop a new approach: 
Open Development. As Smith states, the Internet and the environments that the Web 
creates constitute a set of tools (a medium) that makes it possible to achieve devel-
opment, as it allows users to exercise their capabilities more effectively through the 
significant reduction of transaction costs and improvement of their productive pro-
cesses and consumption technologies. It also constitutes a venue for transformation 
and agency (an end), because it establishes conditions that expand people’s free-
doms by enabling them to create and reinforce social networks; be part of, share, 
and cooperate with larger communities; and form part of more participatory 

2 According to data from the ITU (International Telecommunication Union) for 2015, mobile tele-
density in developed countries is 120.6, while in developing countries, it is 91.8. For 2014, in 
particular, mobile teledensity was 158.7 in Argentina, 102.9 in Peru, and 106.6 in Guatemala [15] 
(Consulted: 28 September 2015).
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 processes in which they not only have a voice, but their voice is also heard and used 
actively [14].3

We take that approach to the Internet and its relationship with development to 
define Information Richness as a person’s ability to expand his or her freedom to 
choose a way of life through the use of ICTs, particularly the Internet, and the envi-
ronments that they create [2, 6, 14, 17].

11.2.2  Information Inequality

Despite the benefits that stem from using ICTs and participating in the net, great 
differences or “technological distance” exist in access to and use of the Internet 
among individuals, families, enterprises, and geographic areas [18–20]. These dif-
ferences are relevant, because as Robinson [3] states, people who take greater 
advantage of digital spaces have significant advantages over those who do not  in 
almost all other spaces. As Tongia and Wilson [21] explain, this is because the posi-
tive effects of belonging to a network create a feedback loop that can be divided into 
two components: (i) an intrinsic effect that depends on the size of the network and 
corresponds to the direct benefits of communication and (ii) a complementary effect 
(of externalities) associated with goods, services, and interactions that become more 
available as the network grows – for example, a larger number of applications for an 
given operating system or a larger supply of specific contents for a community (con-
tents in a particular language or about particular topics).

The existence of these two effects has two consequences for agents’ opportuni-
ties. First, their existence implies that not belonging to the network has an opportu-
nity cost borne by all people who are excluded from the user community. Second, 
both benefits (direct and indirect) depend on the size of the user community and the 
community’s growth rate. The gradual inclusion of the group of people who are 
disconnected from digital spaces means that the user community will become larger 
and the non-user community will shrink, thus exponentially increasing the opportu-
nity cost borne by those who remain outside of the network; in other words, those 
who lag farthest behind or are the most excluded eventually face higher costs for 
remaining outside of the network [21].

This concern is crucial, because as Robinson [3] notes, digital inequality tends to 
operate along with other preexisting conditions. The differences in the appropriation 
and intensity of ICT use tend to be associated with inequality in access to resources 
and rights. It is therefore no coincidence that groups that are socially, politically, and 
economically marginalized are also segregated within the digital system or are the 
last to be included, as that environment tends to reproduce patterns that exist in non-

3 Nevertheless, Smith et al. [14] also mention that there is a latent risk in the expansion of digital 
systems and that development through these systems is not a matter of seeking not unlimited open-
ness, but of seeking openness that is consistent with the expansion of cabilities and with people’s 
development. This implies beginning with development problems and then looking at how “open-
ness” can serve as a means for overcoming them.
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digital spaces. The Internet could therefore end up exacerbating certain types of 
exclusion [3]. In particular, there is evidence that women [22, 23], older adults [24–
28], unemployed people or those working in the informal sector [29, 30], and those 
with less education [31–34] tend to be the groups that lag in the digital space.

11.3  Informatıon Richness and Inequality in Metropolitan 
Areas of Latin America

Despite evidence about digital divides, little is known about these inequalities in 
Latin America, and there is even less information that can aid in understanding the 
situation beyond the dichotomy of access and non-access. The rest of this chapter, 
therefore, will analyze Information Richness and the sources of “information 
inequality” in three capital cities in the region: Buenos Aires, the capital of a high- 
income country; Lima, the capital of a middle-income country; and Guatemala City, 
the capital of a country where income is still low. Using data from the “Survey about 
Internet use: Platforms and open data – 2014,” conducted by the Regional Dialogue 
on the Information Society (DIRSI), this chapter provides an overview of Internet 
appropriation in metropolitan areas of Latin America.

11.3.1  Information Richness Made Operational

Taking an operational approach to a person’s level of Information Richness using a 
single indicator is complicated, because the impacts of ICTs on people’s behavior 
and on the systems in which they operate exceed the boundaries of a single dimen-
sion. An economic approach (input-output relationship) generally will have one 
magnitude as an objective variable, measured in monetary units or volumes. There 
is no clear consensus about a general framework for analyzing appropriation of and 
participation in different ICT-based systems and even less about a variable that can 
measure the different dimensions [35].

Because the purpose of this study is to examine how people use the Internet to 
attain the lifestyle to which they aspire [17], the strategy developed by Mendonça 
et al. [6] will be used to create an Information Richness Index that allows this com-
plex dynamic to be incorporated, through three components related to the three 
barriers to making significant use of the Internet: (i) access, (ii) skills for using it, 
and (iii) the users’ capabilities for functioning fully in spaces created through ICTs. 
Details of the construction of each component can be found in Appendix 1.

This strategy is especially useful because, as Mendonça notes, it considers that 
making significant use of ICTs does not consist merely of taking the person to the 
door (access) or of them being able to open it (skills for use), but also implies that 
the person is able to cross the threshold, socialise with other agents, and function 
fully in the environment they find behind that door (capabilities). The incorporation 
of this third component is a bridge between the index developed by this author and 
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the Open Development approach proposed by Smith et al. [14], because this meth-
odology makes it possible to add information about people’s exercise of their free-
doms through the use of open platforms, participation in digital spaces, creation of 
value through relationships with other users and institutions, and achievement of 
more functionings [2]. The values used in the index, from a minimum of 0 to a 
maximum of 100, will offer an approximation of how appropriation of the Internet 
contributes to users’ development and will be defined as follows:

 IRI AI SI CIi i i i= + +* * *0 5 0 25 0 25. , ,  (11.1)

Where:

RI: Information Richness Index
AI: Access Index
SI: Skills Index
CI: Capabilities Index

The ability to analyze each component separately using the overall measurement 
will also provide a clearer understanding of the sources of inequality and how they 
vary depending on the facet observed.

As Eq. (11.1) indicates, the proposed Information Richness Index assigns greater 
importance to the Access Index. This strategy is chosen because the CI and SI 
results are limited by access to devices and access to the Internet, respectively. 
Giving greater weight to access therefore reduces the differences in results between 
those who do not access the Internet and those who do.

11.3.2  Level of Appropriation in the Three Capitals

Based on analysis of the IRI descriptive statistics, one initial result that stands out is 
that the levels of Information Richness attained by users in the three cities are con-
centrated in low values of the distribution. Considering that the highest score pos-
sible is 100, it is noteworthy that users, on average, do not take full advantage of the 
opportunities created by digital spaces, to such an extent that the average score (35.6 
points) is only about one-third of the maximum score.

A more detailed look at the components shows that the Access Index (AI) also 
has low average and median values; this is an initial indication that Internet access 
(first barrier) remains an important constraint, even when the information comes 
from capital cities where mobile teledensity indices tend to be high. In Lima in 
2012, teledensity was 159.2, while in 2015, mobile teledensity was 158.7  in 
Argentina and 106.6 in Guatemala (Table 11.1).4,5

4 Data taken from OSIPTEL [36] for Lima and from ITU [15] for Argentina and Guatemala
5 Similarly, in the sample, only 7% of respondents do not have a mobile telephone (13.9% in 
Buenos Aires, 6% in Lima, and 1.3% in Guatemala City), and 96% have access to some techno-
logical device.
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In particular, 22.8% of respondents in the sample do not access the Internet. In 
this group, the proportion of women (61.9%) is considerably higher than men, and 
the percentage of women who do not connect to the Web (24.6%) is slightly greater 
than that of men. Older adults constitute a larger part of the group that does not 
access the Internet (52.7% adults and 32.3% older adults), especially considering 
that 61.9% of all older adults do not access the Internet. Finally, the results show 
that about half the group that does not access the Internet is economically inactive 
(46.7%); specifically, they are people who are dedicated to household tasks, retired, 
permanently disabled, or people who report that they neither work nor study.

11.3.3  Information Inequality in the Three Capitals

Regarding inequality in the level of Information Richness, first of all, the level of 
vertical information inequality  – the distance between those who take greatest 
advantage of the Internet and those who use it least – is relatively low, as the Gini 
index for the IRI is 0.35, close to that of income at  Uruguay in 2013 [37]. 
Nevertheless, the indicator drops to 42.9% (a Gini index of 0.20) when the sample 
is limited to users who access the Internet; this means that one of the main sources 
of inequality comes from the existence of a group of people who remain discon-
nected or isolated from digital spaces [3].

A second approximation of information inequality among people can be obtained 
from looking at horizontal inequalities [4]. This is done by comparing the levels of 
Information Richness attained by the different groups. As Table 11.2 shows, there is 
a highly significant difference of 4.43 points in favor of men, a difference that 
decreases only slightly (by 1.1 points) when it is calculated for the sample limited 
to people to access the Internet. Analysis of the values by age group reveals impor-
tant differences that increase with age; the differences are even greater and  significant 
to the detriment of adults (8.98) and older adults (25.51). Surprisingly, when the 
differences are calculated for the limited sample, these figures fall consistently, 
decreasing by 7.4 points (−82%) between adolescents and adults and 18.5 points 
(−72%) between adolescents and older adults. These variations indicate that the 
Internet access component is extremely important in explaining Information 
Richness inequality between age groups; apparently, as Colombo et al. [27] found, 
once the problem of access is overcome (not only in supply but also in demand), the 
effect of age as an impediment to appropriation of the Internet is reduced.

Table 11.1 Statistics of components of the information richness index

Index Mean Median Std. dev. Minimum 25% Perc. 75% Perc. Maximum

IRI 35.6 38.4 22.1 0 18.3 51.7 97.8
AI 31.3 40.0 24.2 0 20.0 40.0 100
SI 55.8 62.0 27.6 0 33.3 78.3 100
CI 24.1 21.1 22.9 0 0.0 38.9 100

Compiled by authors
Source: Survey about Internet use: Platforms and open data – 2014
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11.4  Sources of Information Inequality in the Three Capitals

Although explicit inequalities between the different groups are seen in the level of 
appropriation, it is necessary to determine whether these differences are due to other 
characteristics of the individuals and their context. It is not enough to analyze only 
belonging to certain groups and the result obtained in the index; the analysis must 
include variables that also influence or determine the level of Information Richness. 
The next section presents econometric estimations that make it possible to identify 
the existence and sources of these differences.

11.4.1  Determinants of Level of Information Richness

The first approach is based on proving that the differences observed previously do 
not correspond to differences in other characteristics and do correspond to differ-
ences in appropriation between groups. Different estimation models (OLS, probit 
model and truncated poisson regression model) will be used, as shown in the first 
panel of Table 11.3.6

6 White’s correction for heteroscedasticity is used [38].

Table 11.2 Statistics of components of the information richness index

Full sample Limited sample
N Mean Median Dif. N Mean Median Dif.

Total 3465 35.6 38.4 2675 44.9 44.8
Sex

Male 1480 38.2 41.5 1179 46.8 46.8
Female 1985 33.7 35.6 −4.43*** 1496 43.5 43.5 −3.3***

Age group
Adolescents 
[13, 18]

524 42.6 44.1 493 45.1 44.9

Youth [19, 29] 891 43.7 46.2 1.09 803 48.2 47.8 3.03***
Adults [30, 59] 1637 33.6 34.1 −8.98*** 1221 43.6 43.2 −1.53*
Older adults 
[+60]

413 17.1 8.3 −25.51*** 158 38.2 36.7 −6.98***

Main occupation
Inactive 967 25.9 24.6 598 39.5 38.0
Students 529 44.7 45.4 18.77*** 503 46.8 46.2 7.36***
Work w/ stable 
income

1169 41.8 45.0 15.85*** 989 48.5 48.2 9.07***

Work w/ 
variable 
income

756 32.2 31.5 6.25*** 550 42.6 40.9 3.11***

Unemployed 44 36.6 42.8 10.71*** 35 45.4 45.6 5.93**

Compiled by authors. Source: Survey about Internet use: Platforms and open data – 2014
Statistical significance: ***p < 0.01, **p < 0.05, *p < 0.1
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First, it shows that being a woman has a negative effect on the IRI results, as seen 
in the test of differences in means. Belonging to older age groups also has a negative 
effect on the level of Information Richness; the IRI estimation (first panel) shows 
that both the negative effect and the significance of the estimator increase substan-
tially as the age group increases, with a negative effect of 18.8 points in the index 
for older adults, compared to younger people.

Regarding occupation, it was found that only having as the main activity being a 
worker with a stable income (employees, laborers, and foremen) has positive and 
significant effects on the level of Information Richness, compared to people who are 
inactive (dedicated to household tasks, retired, permanently incapacitated, or people 
who report that they neither work nor study).

Finally, regarding an individual’s human capital, the results show that the num-
ber of years of education received has a positive and highly significant effect on the 
level of Information Richness that people attain, as shown by Howard et al. [33], 
Hargittai and Hinnant [31], Helsper and Galacz [32], and May et al. [39]; one addi-
tional year of education is estimated to increase the IRI result by 1.7 points. It was 
also found that being enrolled in an educational institution has a substantial influ-
ence on the results of all the indices. These estimations are consistent with previous 
case studies that highlight the benefits of open educational resources and the learn-
ing communities created in educational centers [16].

Although it is useful to identify whether the differences observed can be attrib-
uted directly to these sociodemographic characteristics, identifying the ones that are 
the main sources of these inequalities would make a strong contribution to public 
policy aimed at closing these gaps. With this in mind, the next sections analyze the 
effects on each of the components in order to identify the channels of exclusion.

Because there is limited information about people who do not access to devices 
or the Internet – we can only know if an individual uses the Internet for educational 
purposes and if the person has accessed the Internet previously – and because the 
decision to access the Internet and to engage in some online activity can be expected 
to stem from different decision-making processes [40], two-stage estimations were 
used. In the first stage, the informant’s access or non-access is analyzed (an exercise 
conducted in the next section) and in the second stage, each component is analyzed 
conditioned on the informant’s access to the Internet or to a device.7

7 The estimation strategies chosen for each component are different depending on the nature of the 
data. For access, a Hurdle model is used, which first estimates a probit model for the access deci-
sion with the entire sample, and then a truncated Tobit count model is used to estimate the effect 
on the dependent variable only for users who access the Internet [41]. For the skills and capabilities 
components, a Heckman model is estimated in two stages, where the first is the same as in the 
previous model (probit), with the difference that the information from the latter is included in a 
second estimation (OLS) through the incorporation of the probabilities of access from the first 
stage as a new explanatory variable; this corrects for selection bias [42]. For the skills component, 
selection is based on the use of devices, while for the capabilities component, selection is based on 
Internet access.

R. Barrantes and E. Vargas



219

11.4.2  Access: The First Barrier

As mentioned in the preceding sections, access is a very important component for 
taking advantage of digital environments and communities; it is therefore necessary 
to analyze the determinants of access to the Web in order to better understand the 
differences identified in the level of appropriation.

Estimating a probit binary-dependent variable model, as shown in the second 
panel of Table 11.3, we find that men and women have on average the same proba-
bility of accessing the Internet; that is, the differences observed between men and 
women in the first panel are not driven mainly by the decision to access.8 We also 
see that older adults have less probability of access than younger people; in particu-
lar, it is estimated that being an older adult decreases the likelihood of accessing the 
Internet by 57 percentage points compared to adolescents, while being an adult 
reduces it by only 20 points. Being a student or worker with a stable income also 
increases the probability of accessing the Internet, compared to the group of inactive 
persons. Being enrolled in an educational center and each additional year of educa-
tion also increase the chance of being connected (by 4.7 and 4.78 percentage points, 
respectively).

11.4.3  Intensity of Access: Beyond a Dichotomous View

Conventional studies of Internet access tend to limit analysis to the decision to 
access the net. But intensity of access or the ability to be connected at different 
times and in different places also influences the range of functionings that an indi-
vidual can have through ICTs. It is therefore interesting to know what characteris-
tics influence a person’s ability to stay connected. To address this question, a Hurdle 
model [41] is estimated in two parts, the first to analyze access to the Internet (anal-
ysis conducted in the preceding section and corresponding to the second panel of 
Table  11.3) and the second to analyze the number of devices from which users 
access the Internet – the only component of the Access Index.

This estimation shows that women access from 10% fewer devices than men, 
while older adults access from slightly more than half the number of devices as 
younger people. The results also show that only students have more accesses than 
the unemployed (12%), and each additional year of education increases the number 
of devices from which the user accesses the Internet by a factor of 1.05.

8 Although a significant difference of 10% is seen, it is lost when a logit model is used or when 
White’s correction for heteroscedacity is used [38]; it therefore cannot be stated that the observed 
effect is robust.
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11.4.4  Digital Skills: The Second Barrier

The use of new technologies implies incurring a cost of learning that is necessary 
for taking advantage of these tools, what Mendonça et al. [6] refer to as the set of 
skills needed to open the door. The second component of the Information Richness 
Index seeks to understand the digital skills necessary for doing this. To identify the 
characteristics that influence the result of the second component, a Heckman model 
is estimated in two stages [42], where the first stage evaluates access to digital 
devices and the second stage evaluates the result in the Skills Index (SI).

The estimation shows that women attain 3.6 points less than men in the SI, a dif-
ference that could explain the gap observed in the number of devices from which 
women connect to the Internet. There are no differences between the skills of ado-
lescents and young adults, but there is a difference in favor of younger people com-
pared to adults (9.5) and a much larger one compared to older adults (22.1). 
Regarding principal occupation, being a student no longer has a significant effect 
compared to the group of inactive persons; having a job with a stable income, how-
ever, has a small but significant positive effect on the Skills Index. There is also no 
difference between the group of inactive persons and those who are unemployed.

The estimation also shows that education has a positive effect on digital skills, as 
May et al. [39] note. In particular, it is estimated that each additional year of studies 
increases the SI by 2.1 points, while being enrolled in an educational center increases 
this index by 3.2 points.

11.4.5  Digital Capabilities: The Third Barrier

To analyze how Internet use can expand people’s ability to choose the lifestyle they 
value [14], it is necessary not only to analyze access or the set of digital skills but 
also to evaluate whether the user is able to function fully in digital environments and 
in the communities he or she finds there [6]. The third component or Capabilities 
Index (CI) seeks to estimate the user’s free functioning and the set of significant 
activities in which he or she engages in digital environments. As with the analysis 
of the skills component, a Heckman model is estimated in two stages [42], where 
the first stage evaluates access to the Internet and the second stage evaluates the 
result in the Capabilities Index (CI).

The analysis shows no significant difference in scores between women and men; 
the main sources of inequality, therefore, stem from the gaps in digital skills. 
Similarly, no significant differences are found between the scores of individuals 
from different age groups, not even between adolescents and older adults; inequali-
ties are therefore driven by differences in access and in digital skills. With regard to 
people’s main occupation, it is estimated that a worker with a stable income scores 
5.9 points higher than an inactive person, while a worker with unstable income has 
a 2.9-point advantage. No significant differences are found with regard to students 
or unemployed persons.
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Finally, as with the other two components, the estimation shows that education 
has a positive effect on digital capabilities. It is estimated that each additional year 
of studies increases the CI by 1.4 points, while being enrolled in an educational 
center has a fairly high and significant impact on the result, estimated at 11.28 
points. This is consistent with the relational aspect of digital environments [16] and 
the effects of externalities [21] discussed in the first sections.

11.5  Conclusions

Internet penetration is creating a large number of opportunities that can expand 
people’s freedom to attain the lifestyle that they have reasons to value [14]. This is 
because they not only constitute powerful tools (means) that enable users to exercise 
their capabilities more effectively and access a larger amount of information, reduce 
transaction costs, and increase their ability to stay in communication [14] but also 
because, as Benkler [21] explains, they configure new social systems with structures 
and activities based on information networks, where users can participate, interact, 
share, and exercise their freedoms in ways that are not possible in physical space 
(ends).

Nevertheless, appropriation of ICTs and digital spaces has not been uniform 
among all people. The existence of digital divides implies that certain groups show 
lower levels of appropriation and take less advantage of digital spaces that puts them 
at a clear disadvantage compared to groups that do make significant use of them [3]. 
This chapter analyzes the sociodemographic characteristics of the people who have 
the greatest influence in this process in urban areas of Latin America and the sources 
of information inequality.

To accomplish this, based on studies by Mendonça et  al. [6], an Information 
Richness Index (IRI) is proposed as a way of studying the complexity of the level of 
appropriation of the Internet. The index incorporates information about the princi-
pal barriers that users face in making significant use of the Internet: access, the skills 
needed to use ICTs, and the user’s capabilities for functioning in digital spaces.

The study shows that the degree of appropriation of digital spaces in the Latin 
American cities studied is still low, averaging 35.6 points out of a maximum of 100. 
This means that users, on average, do not take full advantage of the opportunities 
created by digital spaces. Even when the majority of people use a cellular telephone 
(92.2%) or a technological device (96%), 22.8% of the sample does not connect to 
the Internet; non-access to the Internet does constitute a problem, therefore, although 
it is not explained by access to a device.

The results show that inequality mainly stems not from differences between 
users who take more advantage of the Internet and those who take less advantage, 
but from inequality between people in specific groups. In particular, being female 
and being older have a negative effect on the level of Information Richness, while 
being a worker with a stable income and having more education have positive and 
highly significant effects on users’ level of appropriation.
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Regarding inequality between women and men, the results show that the main 
source of differences lies in digital skills and in the number of devices from which 
the user accesses the Internet, two variables that are closely related.

Regarding age groups, it is estimated that age has a strong negative effect on both 
the user’s initial access to the net and the number of devices he or she uses for access 
and on digital skills; older adults are at a severe disadvantage in almost the entire 
process of appropriation. Nevertheless, no negative effects are seen on the 
Capabilities Index; this is consistent with the findings of Colombo et al. [27], who 
postulate that once the problem of access is overcome (not only by supply but also 
in demand), the effect of age as an impediment to appropriation of the Internet 
decreases.

Small effects are associated with the person’s main occupation; in particular, it is 
estimated that being a worker with a stable income has a positive effect and that this 
effect is driven by the skills and capabilities components; these results conform to 
findings by Navarro [29] about the acquisition of digital skills in established enter-
prises or in the mature stage and with the relational and community aspect of digital 
environments developed by Benkler [16]. Belonging to other occupational groups 
shows no significant effects.

Finally, having more years of education and belonging to educational communi-
ties have positive effects on all components and appear to constitute a potent tool for 
closing the gaps identified in the three capital cities examined in the study.

11.6  Policy Recommendations

These results reveal the urgency of placing greater importance on the needs of the 
telecommunication sector on the public agenda in the region. First, access is an 
important problem, even in places where teledensity is high. Government policy 
must intensively promote access to broadband Internet and the construction of fiber- 
optic networks throughout the country, to make this service more accessible, of 
higher quality for citizens, and affordable.

A more aggressive digital literacy strategy is also needed, with efforts focused on 
reducing the cost of learning and increasing the benefits expected from the use of 
ICTs [40], to ensure a significant reduction in the percentage of the population that, 
despite having access to devices, remains sidelined from digital spaces.

The active creation and dissemination of orderly, flexible learning platforms are 
another effective way of accelerating and facilitating appropriation, which must be 
exploited; moreover, targeted initiatives that distinguish not only between whether 
or not people belong to one of these groups (women and men, or young people, and 
older adults), but which also understand how the incorporation of ICTs helps satisfy 
particular needs and people’s productive processes will have important impacts.
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 Appendix 1: Constructıon of the Components of the IRI 
(Tables 11.4, 11.5, and 11.6)

Table 11.4 Construction of the access index

Access index (AI)
Number of devices from which you access to the Internet
Types of devices: N° of devices: Score:

Cellular phone (smartphone or mobile) 5 devices 100
Tablet 4 devices 80
Notebook 3 devices 60
PC 2 devices 40
Smart TV 1 device 20

0 devices 0

Compiled by author
Source: Survey about Internet use: Platforms and open data – 2014

Table 11.5 Construction of the skills index

Skills index (SI)a

Age of use of the device (SI1)
Unit of measurement: N° of months: Score:
Maximum length of time device has been used (in 
months)

Does not use 
devices:

0

0> N° months >100 N° of months
N° of months ≥100 100

Number of activities undertaken on the network (SI2)
Types of activities N° of activities Score:
Surf in the web 8 activities 100
Use social networks 7 activities 87.5
Using chat 6 activities 75
Reviewing electronic mail 5 activities 62.5
Watching or downloading videos 4 activities 50
Listening or downloading music 3 activities 37.5
Playing online games 2 activities 25
Accessing online banking 1 activity 12.5

Compiled by authors
Source: Survey about Internet use: Platforms and open data – 2014
aThe Skills Index is constructed as follows:
SI = (SI1 + 2 × SI2) ÷ 3
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Table 11.6 Construction of the capabilities index

Capabilities index (CI)a

Do you know about programs that can be freely modified on the Internet? (CI1)

Answer: Score:
Yes 100
No 0
Is the Internet your first choice when you are looking for information about one of the 
following? (CI2)

Types of purposes: N° of purposes: Score:
Learning activities 3 purposes 100
Labor or business 2 purposes 66.7
Interaction with the government 1 purpose 33.3
When you search for information on the Internet for learning, work or to communicate with the 
government, how do you find it? (CI3)

Alternatives: Score by affirmative answers:
Complete (find everything sought)? 6,67 × (N° of affirmative 

responses)
Readable and adequate? 5 questions per item (3) = 15 

questions
Is it in large amounts?? CI3 ϵ [0, 100]
Is it free?
Is it updated?
Educational uses of the net (CI4)

Types of uses of the net: N° of uses: Score:
Taking online courses 3 uses of the net 100
Accessing educational resources (bibliography or 
databases)

2 uses of the net 66.7

Participating in social networks with educational purposes 1 use of the net 33.3
Work-related uses of the net (CI5)

Types of network usage: N° of uses 
conducted:

Score:

Accessing social networks to look for work 2 uses of the net 100
Participating in social networks for work-related purposes 1 use of the net 50
Uses of the net related to access to public services and exercise of rights (CI6)

Types of network usage: Answer: Score:
Administrative procedures, consultations, complaints, 
payments, or making appointments in public entities

Yes 100
No 0

Compiled by authors.
Source: Survey about Internet use: Platforms and open data – 2014
aThe Skills Index is constructed as follows:
CI = (CI1+CI2+CI3 + CI4 + CI5 + CI6) ÷ 6
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Chapter 12
Internet Use and Public Programs 
Participation: Evidence from Chile

Matteo Grazzi and Sebastian Vergara

Abstract The interest for ICT-related issues has notably increased in the last 
decades, leading to a flourishing of studies on their impact on many dimensions. 
Despite the consensus about the importance of ICT effects at micro level, there is 
lack of analysis on the existence, magnitude and direction of these effects. This 
article aims to contribute to the literature by performing an analysis of the relation-
ship between Internet use and information diffusion at household level in Chile. By 
using data from National Household Surveys, we estimate the effect of Internet use 
at household level on the probability of obtaining a scholarship for young students 
in the household. The results suggest that ICT use is significantly and positively 
correlated with the probability of primary students to be granted by a scholarship 
program, illustrating how ICT improves communication access and participation in 
social programs. Given that ICT diffusion is largely determined by socio-economic 
dimensions, the results also illustrate how ICT could reinforce pre-existing inequal-
ities. This highlights the need for proactive public policies in addressing the digital 
divide.
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12.1  Introduction

The interest for Information and Communication Technologies (ICT) has notably 
increased in recent years, leading to a flourishing of studies on their access, use and 
impact on economic, social, environmental and cultural dimensions. Furthermore, the 
diffusion of ICTs has been identified as a key driver of economic growth and sustain-
able development [1], and it is becoming a crucial tool in public administration, busi-
ness, education, health and environmental areas. Against this backdrop, scholars have 
made visible progress on identifying various effects at aggregate level, such as on 
economic growth [2, 3], productivity [4–6], sector structures (e.g. finance and retail 
sales) and on the aggregate demand of technological items, among others.

More recently, the literature has moved towards analysing micro-effects, both at 
firm and individual level. Indeed, many effects from ICT usage occur within the 
household, affecting individual behaviour and decision-making processes. Gaining 
access to new technologies means to develop new technlological skills, to increase 
communication efficiency, to change preferences of media pattern used and to diver-
sify the interaction with one’s own community, with important consequences across 
different dimensions. Psychological effects originated by the ability of ICT to influ-
ence individual behaviours can also be included. Possible examples are the effect of 
ICT-mediated communication on individual decisions as well as the use of web 
forums and global networks for advancing political goals, building social support 
nets, connecting disparate groups and providing opportunities for a broader influ-
ence of organizations, governments and individuals [7].1 For instance, it has been 
found that Internet use was associated with a higher probability of voting in the 2000 
US election [9].2 Moreover, a large body of research has highlighted that Internet has 
become a primary source of information. For example, about 50% of the US citizens 
have indicated the Internet as their main source of political news [11].

In this perspective, improving access to information is probably the most impor-
tant effect of ICT diffusion, as a result of the broad range of impacts this could have 
on everyday life. In particular, Internet users have been found to have great advan-
tages in activities such as price comparison and job seeking. In addition, some studies 
have shown that consumers can save important amounts by buying goods and ser-
vices online. For example, it was reported that buying electronics on web platforms 
generates an average saving of 16% compared to purchasing at listed prices [12]. 
Similar results are reported in the case of books and CDs [13] and in the case of new 
cars [14]. At the same time, Internet use is supposed to smooth search and matching 
processes in several areas, including the job market. Recent economic literature 
points out that online job search is effective in various aspects. For example, it has 
been shown that Internet use reduces by approximately 25% unemployment duration 

1 For example, many governments are using ICT, particularly E-government tools, in order to 
strengthen their openness and transparency [8].
2 However, a similar study evaluated the effect of Internet use on political participation in Belgium, 
but it cannot establish a clear relation between time spent on the Internet and propensity to partici-
pate in public life [10].
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[15] and that Internet increases the probability of labour force participation for mar-
ried women [16]. Other studies show that access to broadband services is associated 
with higher employment rates, especially in rural and isolated areas [17]. Also, some 
evidence suggests that employed individuals who use the Internet to search for jobs 
are more likely to change jobs and to gain a better wage in the transition [18].

Despite the consensus about the importance of a more complete understanding 
of these dynamics, empirical studies on the effects of ICT diffusion on individual 
dynamics are still limited. Therefore, many questions remain still unanswered, 
especially in the context of developing countries. In fact, due to the availability and 
quality of data, most of the academic research on ICTs has been conducted in devel-
oped economies. But it is probably within the context of developing countries where 
innovative lines of analysis can be found and explored, proposing a renewed per-
spective on the relation between ICTs and development. ICT can be an important 
channel for diffusing information about social and economic programs and for pro-
moting the full participation of the community in their implementation. For instance, 
the Internet can constitute a powerful tool to provide information about scholarship 
programs and to obtain a more balanced distribution of educational opportunities.

This paper contributes to the ICT literature by analysing the role of Internet use 
in allocating scholarships among students in Chile. The hypothesis is that the use of 
the Internet affects positively the probability of being awarded by a scholarship 
through access to complete and updated relevant information. The empirical exer-
cise uses statistical information from the Chilean National Household Surveys 
between 2000 and 2009, when Internet access was still limited but increasing rap-
idly. Thus, the study focuses on the potential information effects in a period where 
technology was still unevenly distributed across different socio-economic popula-
tion groups. The article is organized as follows. Section 12.2 shows the main pat-
terns of ICT diffusion in Chile. Section 12.3 displays the empirical analysis and it 
discusses the main results. Finally, Sect. 12.4 concludes and establishes some fur-
ther research areas.

12.2  Main Patterns of ICT Diffusion in Chile

In the last decade, the Internet access increased considerably among the Chilean 
population. In 2000, less than 10% of Chilean households had Internet access, and 
this figure surged to 30% in 2009 and to more than 65% in 2014 (Fig.  12.1). 
However, this aggregate picture hides major differences among locations and popu-
lation groups. As expected, the Internet access is much higher in urban than in rural 
areas. In 2009, only 7.2% of the rural households had an available Internet connec-
tion, compared with 32% of those households located in urban areas. Not surpris-
ingly, the unequal distribution of ICT access among the population is confirmed by 
analysing the Internet penetration rates by income and education quintiles. In 2009, 
only 7% and 15% of households in the first and second income quintiles benefit 
from Internet access, respectively (Fig. 12.2). By contrast, in the fourth and fifth 
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quintiles, more than 42% and 70% of households had Internet access, respectively. 
Moreover, the differences in the Internet access are not homogeneous along subse-
quent population segments, and the fifth quintile concentrates the bulk of the Internet 
penetration. Likewise, the distribution of Internet access by educational quintiles – 
measured by the average education years of adults in the household – follows a 
similar pattern across households. In 2009, the Internet access rates in the first and 
second quintile were 0.7% and 3%, respectively. For the households in the fourth 
and fifth educational quintiles, penetration rates for Internet reached 18% and 53%, 
respectively. Thus, to a large extent the access to Internet reflects pre-existing socio- 
economic inequalities across households.

The type of Internet connection also reflects pre-existing socio-economic 
inequalities across households. In 2009, the broadband access connection was avail-
able only in 5% and 11% of households with an available Internet connection in the 
first and second income quintiles, respectively. By contrast, these figures reached 
35% and 62% in fourth and fifth income quintiles. In addition, differences of 
Internet use are observed not only across households but also within households. 
Among households with an available Internet connection, only 40% of the 
 components actually use it, which shows that Internet access does not translate into 
use [19, 20]. The different population cohorts also play a relevant role. As expected, 
the Internet use decreases monotonically with age of the population. Indeed, in 
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Fig. 12.1 Internet access at household level, 2000–2014 (Source: author’s elaboration based on 
National Household Surveys)
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2009 more than the 70% of the population aged between 15 and 24 years used the 
Internet, while only 22% of the population aged between 50 and 59 used the web.

12.3  Empirical Approach and Econometric Results

12.3.1  Empirical Approach

The empirical approach to analyse the determinants of the probability of having a 
scholarship is based on the following Probit equation:
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Fig. 12.2 Internet access by income quintiles at household level, 2009 (Source: author’s elabora-
tion based on National Household Survey)
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where Pr (Scholarshipi = 1) is the probability that the individual i is granted by a schol-
arship.3 The Probit model assumes that the error term is normally distributed with 
mean 0 and variance σ equal to 1, and Φ(.) corresponds to the cumulative distribution 
function for a standard normal random variable. In this empirical model, the probabil-
ity that an individual is granted with a scholarship depends on several variables. The 
variable Income corresponds to the per capita equivalent income of the household,4 
and Education corresponds to the household education level measured by the average 
level of educational years of adults (age ≥18). Given that the scholarship system 
focuses on more vulnerable students, we expect income to be negatively correlated 
with the probability of having a scholarship. By contrast, the education level of the 
household can play an important positive role because of the effects on a better access 
and use of information related to social programs. In addition, it can capture some 
other unobservable characteristics that can affect positively the probability of obtain-
ing a scholarship, such as parent motivation towards educational achievements.

The variable Family Size is the number of individuals in the household and Rural 
is a dummy variable that controls for the area where the household is located. 
Meanwhile, Head is a dummy variable that takes the value of 1 for households in 
which the head is a woman. There are several studies that discuss the peculiarities 
of households having a female head. On one hand, it is generally argued that such 
households evidence some disadvantages, for example, higher levels of poverty. 
This is associated to the fact that the head of the household may work less time and 
that these households generally have lower adult members that generate income. On 
the other, women are often more attentive about the nutrition and the education of 
the children, and it is intuitive to expect that students of these households would be 
more likely to be granted by educational scholarships. Female is a dummy variable 
that takes the value of 1 if the individual is a woman, being the only variable at 
individual level. The Appendix 12.1 shows basic statistics of explanatory variables, 
and the Appendix 12.2 displays the correlation matrix.

The main hypothesis to test in this empirical section is that the use of the Internet 
at household level is positively correlated to the scholarship awarding of primary 
students living in that household. The Internet might provide advantages in terms of 
scholarship information, application procedures, updates and in promoting social 
participation. We specify two different measures on Internet, which is our core 
 variable. The variable Internet 1 is a dummy variable that takes the value 1 if at least 

3 In the case of Chile, the primary scholarship system is complex and covers a wide range of social 
and economic issues. Indeed, depending on the program, there are several different facilitations 
that can be provided to students and families, such as monetary payments, food and housing, 
among others. Basically, the scholarships can be categorized in two main groups. The first group 
provides a direct pecuniary assistance of free disposal for families. The second group focuses on 
student reallocation from isolated geographical areas to areas where there are primary schools, 
nutrition daily provisions and college-study-essentials support.
4 In order to take into account economies of scale in household consumption and obtain more pre-
cise income elasticity, we use an equivalent income measure, which is the total household income 
divided by the so-called LIS (Luxembourg Income Studies) equivalence scale. It is defined as the 
square root of the number of household members [21].
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one adult in the household uses the Internet. The variable Internet 2 corresponds to 
the proportion of individuals within the household that use Internet (see Table 12.1). 
Thus, with these two variables, we attempt to control for both the Internet use and 
the Internet use intensity among adults within the household. Finally, we also add 
municipality fixed effects, to account for different scholarship provision levels.

Therefore, the empirical approach is based on an equation in which the probabil-
ity for a student of obtaining a scholarship is associated to several household charac-
teristics, like income and education, while the only variable defined at student level 
is Female. In a general setting, this is likely to create a problem of relevant omitted 
variable. In particular, the model does not control by individual capabilities that 
surely affect the probability of obtaining a scholarship, such as academic proficiency. 
Therefore, the estimation results would be inconsistent and biased. Nevertheless, our 
focus on primary school greatly reduces this problem. Indeed, the main determinants 
of the primary scholarship attainment are the household socio- economic character-
istics. The statistical information comes from the National Household Surveys 2006 
and 2009, implemented by Ministerio de Desarrollo Social. This survey covers a 
wide range of social and economic characteristics at individual and household level. 
Each year the survey covers around 70,000 households (250,000 individuals) and the 
surveys are statistically representative at national level.

12.3.2  Econometric Results

The econometric results are provided in Table 12.2. We first implement baseline 
estimations (model 1) and then we sequentially add the core variables (Internet 1 
and Internet 2) (model 2 and 4) and Municipalities fixed effects (model 3 and 5). A 
robust result of the estimations is that the effect of income on the probability of 
obtaining a scholarship is negative and significant. Thus, students in household with 

Table 12.1 Internet use and scholarship attainment: definition of estimation variables

Variable Description

Pr (Scholarship = 1) Primary scholarship attainment. Dummy; 1:yes; 0: no
Household income Logn of equivalent household income
Household education Average of adults education years in the household (age ≥17)
Family size Number of individuals in the household
Femalei Gender variable. Dummy; 1: female; 0: male, at individual level
Rural Location. Dummy; 1: rural; 0: urban
Head Head of household is a woman. Dummy; 1:yes; 0:no
Dummy 2009 Dummy variable for the year 2009
Internet 1 Dummy; 1 if at least one adult individual the uses Internet in the 

household, 0 otherwise
Internet 2 Proportion of individuals within the household that use Internet

Source: Author’s elaboration based on Chilean National Household Surveys
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lower income are more likely to be granted by a scholarship. This is consistent with 
social and redistribution objectives of the young student scholarship programs in 
Chile, as more disadvantageous students from a socio-economic dimension should 
be more likely to obtain a scholarship. The level of education in the household also 
seems to play a relevant role. In fact, students living in more educated households 
are more likely to obtain a scholarship, on average and ceteris paribus. This is con-
sistent with the idea that more educated households are associated to a better and 
more efficient use of information. Also, a more educated household can have a 
higher commitment towards educational achievements.

Additionally, there is evidence that students living in households where the head 
is a woman are more likely to be granted by a scholarship, though its magnitude is 
small. According to model (5), primary students in a household where the head is a 
woman are 0.8% more likely to be granted by a scholarship. Meanwhile, the rural 
location condition displays mixed evidence. This result is not surprising given the 
scholarship schemes available, with different objective and population targets. 
Furthermore, the correlation of the location condition with other control variables 
suggests being cautious about its interpretation.

Our main interest concerns the Internet variables. In the models (2) and (3), the 
coefficient is positive and significant at 1%. This shows that the students living in a 
household where at least one adult uses the Internet have higher probability of being 

Table 12.2 Internet and primary scholarship attainment: Probit model estimations

Variables Model (1) Model (2) Model (3) Model (4) Model (5)

Household income −0.077 
(3.19)**

−0.092 
(3.82)***

−0.111 
(4.36)***

−0.091 
(3.80)***

−0.111 
(4.34)***

Household education 0.024 
(3.78)***

0.022 
(3.51)***

0.023 
(3.49)***

0.023 
(3.59)***

0.023 
(3.58)***

Family size −0.033 
(3.50)***

−0.032 
(3.35)**

−0.034 
(3.44)**

−0.013 
(1.33)

−0.017 
(1.23)

Rural −0.029 
(0.88)

−0.005 
(0.15)

0.150 
(4.09)***

−0.007 
(−0.22)

0.148 
(4.05)***

Female 0.070 
(1.95)*

0.069 
(1.91)*

0.071 
(1.95)*

0.070 
(1.93)*

0.072 
(1.98)**

Head 0.101 
(2.31)**

0.106 
(2.41)**

0.088 
(2.03)**

0.094 
(2.09)**

0.074 (1.69)*

Dummy 2009 0.343 
(1.94)*

0.360 
(1.98)*

0.194 
(1.96)*

0.345 
(1.89)*

0.232 (1.95)*

Internet 1 0.198 
(5.21)***

0.224 
(5.89)***

Internet 2 0.813 
(4.96)***

0.921 
(5.63)***

Municipalities fixed 
effects

No No Yes No Yes

Observations 78,623 78,623 78,623 78,623 78,623

Z-statistics in parenthesis calculated with robust standard errors. *Significant at 10%; **Significant 
at 5%, ***Significant at 1%
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granted by a primary scholarship. In terms of magnitude, a student in household 
with Internet access increases the probability of having a scholarship by 2%. In 
addition, the estimated coefficients in the models (4) and (5) are also positive and 
significant at 1%. Thus, the intensity of Internet use among adults within the house-
hold is also positively correlated to the probability for a primary student within the 
household of being granted by a scholarship. Thus, not only the Internet use but also 
its use intensity within the household is correlated with the individual probability of 
having a primary scholarship. A key channel that could explain this correlation is 
having access to improved and updated information through the Internet, particu-
larly about when and how to participate in student scholarship programs.

We acknowledge that it is not possible to interpret this evidence in terms of a 
causal relationship, so we interpret our results as a correlation. Also, the fact that the 
scholarship variable is measured at individual level, while the Internet use is mea-
sured at household level, might also generate doubts on the relevance of the empiri-
cal results. Nevertheless, it should be considered that the main determinants of 
primary scholarship attainment are actually related to household characteristics. 
Thus, we think the empirical evidence of such a strong correlation between Internet 
use and scholarship attainment should not be underestimated. This correlation, con-
trolling by the main socio-economic determinants of scholarship attainment, sug-
gests that the Internet play a role on providing better access to relevant information 
and promoting greater social participation in public programs.

Nevertheless, the descriptive evidence presented in the section II and evidence 
from previous studies clearly show that ICT access and usage are largely determined 
by socio-economic characteristics such as income and education [19, 22]. Thus, 
more advantageous population groups are more likely to benefit from ICT diffusion. 
In our case, primary students living in households with Internet access and usage are 
more likely to be granted by a scholarship, but households with higher education and 
income are precisely the ones that tend to have more ICT access. Thus, we can expect 
that the positive effect of ICT diffusion will be concentrated in these households. 
This illustrates the dual role of ICT. On one hand, ICT promotes social participation 
and greater access to information with potential large positive effects. However, 
already advantaged population groups are more likely to benefit more from it.

In sum, this result confirms the role of the Internet in allowing a better access to 
information and greater social participation. But given that ICT diffusion is not 
homogeneous across population groups, the benefits will tend to be concentrated in 
more advantaged population groups. From a public policy perspective, this evi-
dence shows that Internet access and usage can be an important channel for both 
diffusing information about social and economic programs and promoting the full 
participation of the community in their implementation. But at the same time it sug-
gests that it is critically important to address the digital divide in order to fully 
expand its benefits. Therefore, there is a need for proactive and well-designed public 
policies that could not only promote ICT access but also spread out its benefits 
across the population.
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12.4  Conclusions

The effects of ICT at household and individual level are multiple. Most of the stud-
ies at micro level have tried to disentangle this multiplicity of effects by focusing on 
specific issues. However, the existing literature is far from being complete and 
exhaustive. There is a lack of empirical analysis on some specific effects, and the 
dynamic nature of ICT impacts has also been overlooked. In this paper, we contrib-
ute to the empirical literature by providing evidence on how ICT diffusion improves 
access to information and promote social participation in a particular case: scholar-
ships programs for primary students. The evidence presented suggests that primary 
students in households that use the Internet have larger probability of being awarded 
by a scholarship, even after controlling by socio-economic characteristics. However, 
given that ICT diffusion is not homogeneous across population groups, the main 
benefits from this are expected to be concentrated in more advantageous groups as 
well. This illustrates both the potential and risks that the ICT diffusion process 
entails across different dimensions.

Moving forward, it is not certain that observed ICT impacts could persist with 
the same magnitude and direction found in the existing literature, and there are rea-
sons to suppose that ICT impacts could change along two dimensions: dynamically 
and cross-sectional. The first simply means that ICT impact could change over time 
as ICT expands. This hypothesis is supported by the fact that ICT evolves continu-
ously, reaching every year higher levels of sophistication and potentials. If the tech-
nological frontier is moving, it is reasonable that its effects will move too. Moreover, 
variations of ICT impacts over time could simply be given by the taking over of a 
new generation of ICT users. So far, researches have analysed ICT impact using 
samples of individuals that approached ICT at a certain stage of their life, but in the 
future it will be possible to analyse the impacts on the generation born after the 
beginning of the ICT revolution, whose members have always dealt with ICT since 
early stages of life. Cross-sectional differences are another possible further exten-
sion of the ICT impact literature, given its close connection with the digital divide 
and digital inequality. For instance, it would be interesting to study possible differ-
ences in ICT impacts across different individual characteristics, such as races, edu-
cational levels and gender.

The relevance of new technologies in the development path justifies an increas-
ing effort by international institutions, academia and scholars to achieve a better 
understanding of the ICT diffusion process. Early visions were generally optimistic 
in considering it as an equalizing factor both at international and at domestic level, 
but successive scholars have highlighted the risk that ICT might worsen pre-existing 
inequalities. This is a key area of further research. Considering that ICT have no 
reason to exist on itself but only on the benefits they have for individuals, it is clear 
that the research agenda has unavoidable challenges ahead.
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 Appendix 12.1. Internet and Scholarship Attainment: Basic 
Statistics of Independent Variables (Estimation Sample; 
Obs. = 78,623)

Variables Mean Stand. error 95% Conf. interval

Household income 12.0852 0.0036 12.0712 12.1113
Household education 9.9818 0.0051 9.9801 9.9910
Family size 5.0490 0.0074 5.0351 5.0642
Rural 0.3822 0.0020 0.4809 0.4894
Head 0.2213 0.0017 0.2178 0.2249
Female 0.4851 0.0021 0.4809 04894
Internet 1 0.3857 0.0034 0.3702 0.3798
Internet 2 0.1071 0.0005 0.1060 0.1081

Source: Author’s elaboration based on Chilean National Household Surveys 2006 and 2009

 Appendix 12.2. Internet and Scholarship Attainment: 
Correlation Matrix of Estimation Independent Variables

Variables Household
Household 
education

Family 
size Rural Head Female

Internet 
1

Internet 
2

Household 
income

1

Household 
education

0.399* 1

Family 
size

−0.138* 0.009* 1

Rural −0.186* −0.274* −0.003 1
Head −0.103* −0.011* −0.042* −0.090* 1
Female −0.006 0.000 0.002 0.003 0.003 1
Internet 1 0.159* 0.137* −0.037* −0.172* −0.004 0.001 1
Internet 2 0.179* 0.115* −0.266* −0.159* 0.041* −0.000 0.896* 1

Source: Author’s elaboration based on Chilean National Household Surveys 2006 and 2009. 
*Significant at 5%
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Chapter 13
E-Commerce and Productivity: Evidence 
from Chile

Leonardo Ortega, Alison Cathles, and Matteo Grazzi

Abstract The diffusion of e-commerce is deeply changing the way in which busi-
ness is conducted, by reducing the costs of goods and services to be used in the 
productive process as inputs and by increasing the access to new markets. However, 
the relative empirical literature is still limited, and the majority of studies focus on 
manufacturing firms in developed countries. This paper makes use of a country- 
representative survey including information for Chilean firms of every size and sec-
tor to analyze the impact on firm productivity of e-commerce adoption in the context 
of a middle-income economy. The results show that e-commerce is associated with 
higher levels of productivity in both the manufacturing and the service sector, 
whereas e-buying is the channel that explains this relationship.

Keywords E-commerce • Productivity • Chile

JEL Codes O30 • D24

13.1  Introduction

Early studies launched in the 1980s and 1990s did not find strong empirical evi-
dence to support a positive link between IT investment and firm-level productivity 
[1]. But since the mid-1990s, a body of literature has amassed that documents the 
positive impact of IT investment on productivity and economic growth both at the 
country (e.g., [2–4]) and firm level (e.g., [5, 6]). This suggests that there may be a 
delay or a time lapse between IT investment and payoff in terms of productivity, at 
least in developed countries.
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Most of the research has been conducted in developed countries, and there is still 
no robust evidence that a strong relationship also exists between productivity and IT 
investment in developing countries, especially at the firm level [7, 8]. This begs the 
question of whether developing countries are experiencing the time lag between IT 
investment and productivity payoffs or whether there is something inherently differ-
ent about IT investment, adoption, and use in developing countries that yields a 
different relationship between investment and payoffs. Perhaps the answer lies in 
some combination of the two, but certainly research regarding possible differences 
in how ICTs relate to productivity in developing countries is needed. Furthermore, 
previous research has focused only on the generic adoption and use of ICTs and 
rarely drills down to the level of a specific application. In particular, several studies 
have evaluated the impact of Internet adoption on firm performance, but very few 
have examined the unique impact of various different uses of the Internet, even if 
they are potentially disruptive, such as e-commerce.

As the Internet has become increasingly pervasive with connections at lower 
costs and higher velocity, the phenomenon of e-commerce is gaining traction as a 
game changer that is redefining the marketplace. Today, global e-commerce is esti-
mated to have a value that exceeds $16.2 trillion, and although there are challenges 
to measuring revenue from e-commerce, available evidence shows remarkable 
growth over the past decade – and this trend is expected to continue [9]. In the USA, 
the value of e-commerce shipments in the manufacturing sector increased fivefold 
from 1999 to 2014 – and – as a percentage of total shipments, it increased from 18% 
to 60% over the same time period [10]. In US retail, in 2014 the value of e- commerce 
shipments increased over 20 times the value in 1999 [10].

The diffusion of electronic commerce (e-commerce), defined by the OECD as 
“the sale or purchase of goods or services conducted over computer networks” 
([11], p.72), has provided consumers and businesses with a powerful tool for reduc-
ing the cost of transactions while increasing the velocity and quality. Even if it is 
commonly believed that the development of e-commerce coincided with the devel-
opment of Internet, in its primordial form, e-commerce has existed for over 60 years, 
much earlier than Internet. The first application of e-commerce can be dated back to 
the Berlin airlift in 1948–1949, when the US Army logistics organized a system of 
semiautomatic ordering of supplies via telex [12]. This inspired first the creation of 
common electronic formats to facilitate intragroup transactions and later, starting in 
the late 1970s, the development of national Electronic Data Interchange (EDI) stan-
dards. EDI is the transfer of standardized business transactions over some kind of 
private computer network. Clearly, before the diffusion of the Internet for commer-
cial use, the EDI system was very expensive, because of the high costs of setting up 
private networks; however, EDI still represents a significant segment of e- commerce. 
For example, in 2013 the majority of e-commerce sales (69%) in the European 
Union were conducted through EDI [9]. This may be surprising since the most well- 
known form of e-commerce is the purchase of goods and services by consumers 
over the Internet, but e-commerce is a multidimensional concept which includes 
transactions between different economic agents.
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E-commerce includes sales and purchases between businesses (B2B), from busi-
nesses to consumers (B2C), between consumers (C2C) (i.e., eBay), and from busi-
nesses to the government (B2G). It is tempting to think that businesses would derive 
most of their profits in e-commerce through e-selling in the form of B2C (business- 
to- consumer) transactions; however, this does not seem to be the case. The global 
value of B2B e-commerce in 2013 vastly overshadowed the value of B2C 
e- commerce (more than $15 trillion of the $16.2 trillion of total e-commerce trans-
action), albeit the global value was concentrated in very few countries (USA 36 
percent; UK 18%; Japan 14%; China 10%) [9].

Considering this picture, this paper intends to look specifically at the impact of 
e-commerce on firm productivity levels in a developing country, by performing an 
empirical analysis based on microdata from the Chilean longitudinal firm survey 
[13–15]. This paper is organized as follows. Section 13.2 provides a brief picture of 
the relationship between e-commerce and productivity. In Sect. 13.3, we present 
some stylized facts on the Internet and e-commerce diffusion in Latin America. In 
Sect. 13.4, the data set used is described, and in Sect. 13.5, we present the economet-
ric model and the main results of the empirical exercise. Section 13.6 concludes.

13.2  E-Commerce and Productivity

Theoretical literature has identified a variety of channels through which e- commerce 
can benefit enterprises. Clayton and Criscuolo [16] identify two primary mechanisms 
through which e-commerce can influence the business process: e-commerce can allow 
firms to access wider markets, through marketing or expanding their customer base, 
but it can also make business processes more efficient, by allowing cheaper and more 
targeted material sourcing [16]. Therefore, firms may raise labor productivity by 
either increasing revenues at no or little additional cost or upping the quantity of mate-
rials that contribute to firm output while keeping inputs at a relatively constant level 
[17]. Moreover, e-commerce can increase effectiveness by enabling firms to gain 
competitive advantages by improving skills in core competency areas, and it can facil-
itate tighter integration among key business partners, suppliers, customers, and even 
competitors [18]. Zwass [19] identified five domains within e-commerce that can ini-
tiate (i) more flexible distribution and procurement channels, (ii) enhanced business 
and customer relations management, and (iii) the introduction of completely virtual or 
hybrid markets all of which result in amplified collaboration among networks and 
improvements in complex client support within and across the business ecology [19].

In the early 2000s, scholars came out with different forecasts about the contribu-
tion of e-commerce to overall economic output. Input-output analysis was used to 
predict a large contribution by B2B e-commerce in productivity growth [20]. Others 
were more cautiously optimistic, for example, Borenstein and Saloner [21] pre-
dicted that e-commerce would mimic the effect that other technologies have had on 
markets and will lead to the expansion of firms’ capabilities to create and capture 
value, spurring the restructuring of many markets, vertical disintegration, and new 
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roles for intermediaries and concluded that despite efficiency gains that could pro-
duce overall savings in the economy, e-commerce would not all equally favor all 
markets [21, 22]. Others favored particular sectors, claiming that e-commerce and 
resulting productivity gains may depend (at least in part) on the industry sector and 
results from analysis on e-business surveys imply that the integration of marketing 
processes can have greater advantages in services than in the manufacturing sector 
[23]. Still others saw potential for spillovers, cost savings, improved efficiencies, 
and more fully integrated networks that originate in the service sector electronic 
systems for supply chain management and enterprise relationship management 
(ERM) – interestingly – may have positive spillover effects in the manufacturing 
sector [18]. After all, e-commerce is a network, and network effects do not increase 
productivity through economies of scale; they are about creating value beyond one 
single organization. A fax machine in one organization is useless, until a critical 
mass of fax machines is reached, its potential to affect productivity in the business 
community cannot be realized [24].

Even if there is general theoretical consensus on the positive impact of e- commerce 
on firm productivity [23, 25–27], empirical evidence at this respect is scarce and, 
because of data availability, almost exclusively focused on advanced economies.

Falk and Hagsten [28] published recent evidence from estimations based on a 
panel of micro-aggregated data for 14 European countries from 2002 to 2010, which 
revealed that engaging in e-selling (that is B2B and B2C) is increasing, but is not yet 
widespread in those European countries. Larger and more productive firms tended 
to be more engaged in e-sales, but the benefits in terms of productivity gains were 
greater for small or medium firms and stronger for firms in services than in manu-
facturing. For the whole sample over the whole time period, a 1% increase in the 
share of firms engaging in e-selling was associated with a 0.1 increase in labor 
productivity (over a 2-year period). Considering the overall economic climate in 
Europe during the period under consideration, these results are quite inspiring [28].

To give a sense of the degree to which e-commerce has been found to affect produc-
tivity, earlier studies that made use of firm-level data for one or two countries found the 
following. The usage of information computer networks in manufacturing firms in the 
USA resulted in a statistically robust increase in labor productivity of about 5% and that 
more intense the usage (intra-firm) the greater the effect on productivity (up to 7%). In 
Japan, the usage of information computer networks was associated with a 3% increase 
in productivity, yet in this case, the intensity of usage did not have a dramatic effect on 
productivity levels [29]. Business-to-business (B2B) e-commerce is associated with 
2% increases in productivity over other firms in Germany and B2B accounted for 85% 
of e-commerce sales in manufacturing and 65% of e-commerce sales in services [30].

Mitigating factors found in previous studies include complementary investments,1 
innovation activities, skills of employees, ICT infrastructure, and overall levels of 

1 Empirical evidence from the literature on ICT invesment suggests that may be a delay or a time 
lapse between ICT investment and payoff in terms of productivity. Furthermore, adoption alone is 
not sufficient to take full advantage of the ICTs potential; the embeddness of the technolgy is 
important – firms need to implement complementary investment, such as those in human capital or 
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diffusion. Ben Aoun-Peltier and Vicente Cuervo [33] analyze e-commerce adoption 
and intensity separately using firm-level data from Luxembourg and find that inno-
vating firms equipped with an ICT infrastructure adopt e-commerce, but firms with 
a greater proportion of employees with degrees use e-commerce more intensively, 
for both buying and selling [33]. A study that assesses the impact of R&D and 
e-commerce on productivity in firms in Taiwan finds that the positive impact of 
e-commerce on the productivity of firms in the same industry is affected by the 
degree to which technology has diffused in upstream and downstream firms [27]. 
This concept of the importance of diffusion and integration of e-commerce in 
upstream and downstream firms as a factor in the ability of a firm to exploit the full 
potential of e-commerce is particularly important in the context of developing coun-
tries where the levels of technological diffusion tend to be less widespread than in 
developed countries. As with ICTs in general, research suggests that organizational 
processes need to be developed to accompany e-commerce in order to ingrain adop-
tion and usage into everyday business practices and culture and in order for firms to 
maximize the benefit that they can derive from e-commerce [19].

Very few studies break out the different effects of e-buying versus e-selling 
within the context of e-commerce. It appears that e-buying is the much more domi-
nant form of e-commerce [34]. Two studies found that e-buying had a positive 
impact on productivity, whereas e-selling over the Internet did not have an effect on 
firm efficiency. The first study was based on data from manufacturing firms in the 
UK and found that e-buying was positively correlated with increases in productivity 
of 6% or more [17], and the other study was based on data from manufacturing 
firms in Spain found that, controlling for other factors, e-buying over the Internet 
increased efficiency to the tune of 3% gains in productivity [35].

One article by Rincon et al. [36] deviates from these general findings, arguing 
that the effect of e-buying and e-selling is sector specific. They reach the conclusion 
that the effect of e-selling and e-buying was roughly equivalent and that both were 
positively correlated with firm performance. In service sector, however, they find 
that e-selling has a comparatively greater positive effect on firm productivity than 
e-buying. In addition, they conclude that the productivity gain is stronger in the ser-
vice sector than it is in the manufacturing sector. With firms that are in the 1–99% 
probability distribution of being more likely to trade over the Internet (buy or sell) – 
those firms in the manufacturing (or production) sector see a 24.4% increase in pro-
ductivity, while firms in the service sector see a 40% increase in productivity [36].

13.2.1  E-Commerce in Latin America

In general, ICT diffusion and resulting penetration levels in Latin America and the 
Caribbean (LAC) is much lower than it is in developed countries. In 2014, 46% of 
individuals are reported as using the Internet in Latin America and the Caribbean 

organizational change [5, 31, 32], and this may take time.
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compared to 82% of individuals in the OECD [37]. Grazzi and Vergara [38] report 
that in the Latin American countries with the higher Internet penetration and the 
better connection quality (Brazil, Chile, and Costa Rica), the most used application 
for the Internet access is communication, information, and entertainment, where on 
average the share of Internet user that participate in this activities reach 67%, 63%, 
and 57%, respectively. On the other hand, the least used applications in these coun-
tries are purchasing, banking, and government (9%, 15%, and 18%); in Mexico, for 
example, 80% of Internet users participate in social networking when they are 
online, but less than 5% use the Internet to make an online purchase [38]. This may 
be partly due low adoption levels of credit cards [9].

The percentage of large firms in the more advanced economies in the LAC 
region with their own website is on par with percentages in the OECD, but 
smaller firms lag behind. Figure 13.1 shows that in Chile, for example, 87% of 
large firms report having their own website, whereas only 68% of small firms 
have their own website.

This lack of general ICT diffusion in the region is reflected in the figures rela-
tive to e-commerce. In 2013, about 4% of the global total, or an estimated 52 
billion dollars were spent in Latin America on B2C e-commerce (compared to 
264 billion spent by just the UK, Germany, and France); Latin America is home 
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to 8% of the world’s online buyers compared to Europe’s 17%, and roughly 30% 
of Internet users in Latin America have made an online purchase, whereas in 
Europe, 64% of Internet users have purchased something online [9]. Brazil is the 
country in the region with the largest B2C market with 14 million buyers spend-
ing around $1,000 per year (per buyer). Brazil accounts for 38% of the region’s 
B2C sales and six out of the ten largest Internet retailers in the region; the only 
other country in the region with an Internet retailer in the top 10 is Chile with 
SACI Falabella, the third largest Internet retailer operating in the region (the 
remaining three are US-based retailers).

Chile is also leading the region in UNCTAD’s 2014 B2C e-commerce index (see 
Fig. 13.2). This index is comprised of share of population having mail delivered at 
home (2012 or latest year available, percent), share of individuals with credit card 
(15+, 2011 percent), share of individuals using Internet (2013 or latest year avail-
able, percent), and the secure servers per 1 million people (normalized, 2013).

Figures 13.1 and 13.2 confirm two important things: (i) that firms may be follow-
ing the trend of the general population and might be using ICTs but may be using 
them for less sophisticated types of activities and (ii) that there is a difference in dif-
fusion among differently sized firms. A study that surveyed 83 managers/owners of 
SMEs in the Bío region in Chile identified organizational readiness as the main dis-
criminator between adopters and non-adopters of e-commerce in Chile. The owners 
stated that high implementation costs meant that the firm had to be technologically 
and financially ready and one non-adopting manufacturing firm said that they simply 
did not have the financial resources to train employees to use e- commerce [39].

13.3  Data

Empirical analysis in this paper is based on microdata from the Chilean longitudinal 
firm survey [13–15]. This survey captures data for 2007, 2009, and 2013 on 18,885 
Chilean formal businesses of any size and sector and is statistically representative at 
the country level. The questionnaire divides firms into sectors within the economy 
and size of the business and asks general information about the business, the rela-
tionship with the financial investment system, access to the market, knowledge and 
use of public instruments, innovation in the business, the financial characterization 
of the business, and the relationship with labor and employment. In addition, the 
survey includes questions on the level of ICT adoption and the extent of e- commerce. 
The results from the survey will allow for the analysis of the relationship between 
e-commerce and productivity across different sectors and firms sizes in Chile. In 
addition, we will shed some light on the source of that relationship, either through 
the e-selling or the e-buying.
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Chilean firms in all sectors are dominated by microenterprises (800–2,400 
UF2 in sales) representing on average 45.8% of the sample, whereas the small 
firms (2,400–25,000 UF in sales) represent the 44.4%. Finally, the medium firms 
(25,000–100,000 UF in sales) represent 6.5%, and the large firms (100,000 or 

2 Unidad de Fomento (UF) is a unit of account that is used in Chile to reflect the value of real estate, 
housing, and secure loans. It is frequently adjusted for inflation to maintain the real value constant. 
In the ELE survey, the size of a firm is determined by the level of sales in terms of UFs which 
simplifies the comparison over time.
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more UF in sales) complete the 3.1%. Regarding to the economic activity, the 
proportion of firms in the manufacturing sector is far smaller than proportion of 
firms in the service sector in Chile. The manufacturing sector represent on aver-
age 10.9%, whereas the service sector represents 67.3% of firms in the sample.3

In Table 13.1 Internet and e-commerce diffusion by firm size and economic sec-
tor are presented.4 As expected, penetration rates have been growing over time, but 
it varies greatly by firm size. The difference between Internet access rates and 
e-commerce diffusion rates is striking. Whereas the Internet access varies from 57% 
in microfirms to 98% in large firms in 2013, the e-commerce penetration varies 
from 21% to 67%, respectively, in the same year. Although, if we compare the per-
centage of total firms engaged in e-commerce in developed countries, Chilean firms 
lag behind. According to Falk and Hagsten [28], the average penetration of 
e- commerce in 14 countries in Europe exceeds the 45% of the firms, whereas only 
32% of Chilean firms adopted the e-commerce [28].

Moreover, the manufacturing sector in Chile seems to be more “technologically 
ready” than firms in the service sector. This may be due the large proportion of 
microenterprises in service sector firms, but it may also have something to do with 

3 For the purposes of this paper, the service sector will be considered the aggregate of the following 
more specific service sectors: wholesale and retail, repair of vehicles; hotels and restaurants; trans-
port, storage, and communications; financial intermediation; real estate, renting, and business; and 
other community, social, and personal type of service.
4 Penetration rates are calculated as the share of firms with access to Internet or engaged in e-com-
merce, by firm size.

Table 13.1 ICTs penetration in Chile

Variable Year
Micro 
(%)

Small 
(%)

Medium 
(%)

Large 
(%)

Total 
(%)

Manufacturing 
sector (%)

Service 
sector 
(%)

Broadband 
connection

2007 39.7 64.0 87.8 88.6 55.1 68.8 53.0
2009 48.6 67.9 87.5 87.1 60.7 75.4 57.6
2013 56.8 76.9 93.7 97.8 69.7 81.6 67.1

Website 2007 8.4 20.4 48.7 74.8 18.4 28.9 19.2
2009 9.3 21.2 52.7 74.9 19.3 29.5 19.6
2013 20.1 36.1 61.7 84.0 34.1 43.6 36.5

E-selling 2007 0.5 1.2 1.4 3.5 1.0 2.4 1.0
2009 4.2 6.5 9.5 9.7 5.7 9.8 5.9
2013 12.7 20.4 27.8 37.3 18.0 29.6 17.2

E-buying 2007 3.7 7.2 13.7 12.8 6.1 7.4 6.3
2009 5.2 10.4 14.8 14.3 8.3 12.9 7.6
2013 20.1 35.0 52.5 64.3 30.5 41.5 27.9

E-commerce 2007 3.8 7.9 14.4 15.5 6.7 8.8 6.8
2009 8.0 12.8 18.9 18.3 11.1 16.8 10.8
2013 21.3 37.6 54.4 66.6 32.4 44.1 30.0

Source: Own calculations based on ELE
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other firm characteristics. With a higher percentage of firms in the manufacturing 
sector reporting access to the Internet, broadband, computers, and new computers, 
it is no surprise that a higher proportion of manufacturing firms are engaging in both 
e-buying and e-selling.

As for the structure of e-commerce, e-buying occurs much more frequently than 
e-selling. It seems to indicate a prevalence of B2B model over the B2C model in the 
country. This may have to do with Internet diffusion levels and usages among the 
population, which tends to be lower than diffusion among firms (especially larger- 
sized firms). It could be possible that the logistic platform for the B2B is more 
developed than for the B2C one. Also, it could be the case that consumers have less 
access to financial instruments (i.e., credit cards) that are needed to access the 
e-business which limits the B2C model. This finding is consistent with evidence 
found in developed countries regarding a greater tendency in business practices 
toward e-buying that toward e-selling.

13.4  Empirical Approach and Results

The framework for the empirical analysis is an extended Cobb-Douglas production 
function of the form:

 Q AK L H= a b g

 (13.1)

where the output Q is a function of physical capital K, labor L, and human capital 
H. A is a technology change term defined as a function of an e-commerce variable, 
of the form:

 
A = +( )exp d d0 1ECommerce

 
(13.2)

Expressing the variables in per-employee terms, taking logs, and adding an iid 
error term (e), the equation of labor productivity becomes:
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Equations 13.3 and 13.4 use different specifications of the e-commerce term, to 
show joint and separated effects of e-selling and e-buying. eSell and eBuy are 
defined as dummy variables taking value 1 if the firm sells or purchases on the 
Internet, respectively. In addition to these factors, we include in any equation a set 
of controls for observable firm heterogeneity, including the age of the firm, the 
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export conditions, and time and size dummies.5 The results from the weighted OLS 
regressions are reported in Table 13.2.6

The results seem consistent with the evidence in the developed countries. We 
find a significant positive relationship between e-commerce and labor productivity. 
If a firm is engaged in e-commerce, on average, its productivity will be 17% higher 
than a firm that is not engaged in e-commerce. Also in line with previous evidence, 
productivity gains seem to derive from e-buying and not from e-selling.

5 Summary statistics of the variables in the regression are presented in Table 13.3 in the Appendix.
6 We acknowledge this specification may have problems of endogeneity (i.e., the most productive 
firms engaged more in e-commerce activities). Therefore, we estimated also an IV model using as 
instruments the age of the manager and the density of e-commerce usage in the same sector of the 
firm. The results are consistent with the OLS estimation.

Table 13.2 The relationship between e-commerce and productivity in Chile

Dependent variable: log of labor productivity
Total Manufacturing Service

E-commerce 0.17*** 0.25*** 0.12**
(0.04) (0.07) (0.05)

E-selling −0.06 0.13 −0.05
(0.06) (0.09) (0.07)

E-buying 0.20*** 0.18** 0.17***
(0.04) (0.08) (0.05)

Age 0.01*** 0.01*** −0.01** −0.01** 0.01*** 0.01***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Age2 −0.00 −0.00 0.00*** 0.00*** −0.00*** −0.00***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Log of capital 
per worker

0.05*** 0.05*** 0.07*** 0.07*** 0.04*** 0.04***
(0.00) (0.00) (0.01) (0.01) (0.00) (0.00)

Log of 
employees

−0.46*** −0.46*** −0.31*** −0.31*** −0.47*** −0.47***
(0.03) (0.03) (0.05) (0.05) (0.03) (0.03)

Log of share 
of skilled 
workers

0.02*** 0.02*** 0.00 0.00 0.01*** 0.01***
(0.00) (0.00) (0.01) (0.01) (0.00) (0.00)

Log of share 
of exports

0.07*** 0.07*** 0.06*** 0.06*** 0.06*** 0.07***
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Constant 16.38*** 16.39*** 15.35*** 15.33*** 16.36*** 16.36***
(0.11) (0.11) (0.22) (0.23) (0.14) (0.14)

Firm size FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes
Observations 19,612 19,612 2691 2691 12,038 12,038
R-squared 0.549 0.550 0.660 0.660 0.554 0.555

Source: Own calculations based on ELE 1, 2, and 3. Standard errors in parentheses
*p < 0.10,**p < 0.05,***p < 0.01
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Disaggregating by sector, in Table 13.1 we showed that manufacturing firms are 
more engaged with e-commerce than those in the service sector. The results of the 
econometric exercise confirm the existence of different dynamics in the two sectors: 
the coefficients in the two sectors are both highly significant, but the one for manu-
facturing is twice larger than the one for services (25% vs. 12%). Again, in both 
sectors we find that the e-buying channel dominates the e-selling in explaining this 
relationship, and interestingly, when analyzing the different e-commerce channels, 
this difference between sectors tends to concentrate in the different effect of 
e- selling. Although not significant, the coefficient in the case of services is negative, 
while in manufacturing remains positive.

13.5  Conclusions

Over the last half-century, Latin America has failed to catch up with developed coun-
tries. Actually, the average income per capita has declined in comparison to the USA, 
decreasing from 1/4 in 1960 to 1/6 today [40]. There is widespread consensus on the fact 
that slow productivity growth is at the root of this weak economic performance [41].

Therefore, it is a priority for economies in Latin America to find channels to 
obtain substantial productivity gains. In this context, a deeper understanding of the 
potential impacts of e-commerce, which promises to be a very important aspect of 
private sector businesses in the coming years, is key. In fact, a risk for all empirical 
analysis is that it is constrained to the availability and the quality of the data. In 
developing countries, there is often a shortage of available data that are of high qual-
ity. The natural tendency then is to turn to evidence from developed countries in the 
hopes that the results and implications of empirical analysis will have similar appli-
cations across different settings. In the case of e-commerce, this could be particu-
larly risky, as most of the existing empirical evidence has been produced in advanced 
countries.

This paper contributes to this discussion by studying the relationship between 
e-commerce and productivity using microdata from the Chilean longitudinal firm 
survey. What the results of this document imply is that firms engaged in e- commerce 
are substantially more productive than those which are not also in the context of an 
emerging economy. Nevertheless, this effect seems to be caused only by B2B trans-
actions, while B2C commerce is not found to have a significant impact on produc-
tivity. Even if the effect of e-commerce is found to be larger in the case of firms 
operating in the manufacturing sector, it is relevant also for firms of the services 
sector.

This is particularly interesting, because not only the service sector employ a 
significant proportion of the population of the region, but its underperformance is 
cited as the biggest sectoral culprit in dragging aggregate productivity levels down-
ward [42]. Therefore, any gains that can be realized in that sector could constitute a 
meaningful opportunity for Latin American economies to reduce the productivity 
gap with advanced economies.
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Chapter 14
Assessing the Economic Potential of Big  
Data Industries

Ana Salomé García-Muñiz and María Rosalía Vicente

Abstract Information and communication technologies have made possible that 
data can be collected and processed at rates previously unseen. It is the big data 
phenomenon, which holds potential to boost innovation and improve productiv-
ity growth.

This chapter attempts to provide some evidence of the strengths and challenges 
faced by big data industries. Attention is focused on the position that these indus-
tries hold within the economic network in terms of their access to information and 
knowledge. To achieve this aim, network analysis is used over input-output table 
information. Given the absence of appropriate statistical data for developing coun-
tries, attention is paid to two developed countries, Slovenia and Slovakia, which 
show some common features in their patterns of digital development with some 
developing countries. Results show that while the levels of efficiency of these indus-
tries are high, they are missing some key economic links with other sectors of the 
economy.

Keywords Big data • Input-output analysis (IO) • Information and communication 
technologies (ICT) • Network analysis • Structural holes

14.1  Introduction

One of the most relevant features of the past few years has been the explosion in the 
generation, collection, and diffusion of data. It is the “big data” phenomenon: thanks 
to information and communication technologies (ICT), data collection is taking 
place at rates of quantity and speed previously unseen.
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As United Nations ([34], p. 2) states “data are the lifeblood of decision-making 
and the raw material for accountability. Without high-quality data providing the 
right information on the right things at the right time; designing, monitoring and 
evaluating effective policies becomes almost impossible.”

Within this context, “big data” can open up great possibilities in order “to unlock 
new sources of economic value” ([32], p.1), to improve citizens’ well-being [28], 
and, furthermore, to address the needs of developing countries [16, 28, 36, 40].1

However, the realization of the “big data” opportunities faces some big chal-
lenges: not only might countries lack the appropriate infrastructure and skills to deal 
with these data, but furthermore in some countries, there is little data available about 
these particular activities in order to evaluate their current situation and assess the 
potential strengths and weaknesses of the firms and sectors involved. Thus the nov-
elty of the phenomenon and the lack of appropriate statistics hinder the measure-
ment of the social and economic impacts of big data activities.

This is specially the case of developing countries. As United Nations ([34], p. 11) 
recognizes “too many countries still have poor data (…) and too many issues are 
still barely covered by existing data.” Within this context, the analysis of big data 
industries in other nations, where there is available and updated information, could 
offer useful insights for developing countries.

Henceforth, the aim of this chapter is to provide some evidence on the economic 
importance of big data industries as enablers of the diffusion knowledge and inno-
vation. In particular, we try to assess their position within the economic network and 
identify strengthens and weaknesses. To achieve this aim, we apply network analy-
sis tools over input-output table information.

Given the lack of appropriate data to carry out such an analysis for developing 
countries, the attention in this chapter is focused on two developed nations, Slovenia 
and Slovakia. These two countries have been chosen by three main reasons. In the 
first place, they have updated information of big data industries which allow making 
an appropriate analysis of these activities. In the second place, while they are both 
developed nations, they do not enjoy the levels of wealth of some of the “old” mem-
bers of the European Union (EU); accordingly, the analysis of big data industries in 
these countries might provide more useful insights for developing nations than 
those that could be gathered by studying other more developed nations. Finally, the 
conditions of the digital economy in Slovenia and Slovakia are similar to those of 
some developing nations, as shown by the Networked Readiness Index elaborated 
by the World Economic Forum [42]. In particular, the values of the Network 
Readiness Index in 2016 for Slovenia (4.7) and Slovakia (4.4) are something akin to 
the obtained indexes for some developing countries such as Chile (4.6), Kazakhstan 
(4.5), South Africa (4.2), Trinidad and Tobago (4.1), Turkey (4.4), and Uruguay 
(4.5),2 among others [42].

1 United Nations Global Pulse [37] has created the network of innovation labs, Global Pulse, with 
the aim of taking advantage of the potential of big data for human development, sustainable devel-
opment, and humanitarian aid.
2 Chile, Kazakhstan, South Africa, Trinidad and Tobago, Turkey, and Uruguay are all classified as 
developing nations by the United Nations [35].
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The chapter is organized as follows. The next section presents the literature 
review on the potential of big data for economic development. In Sect. 14.3, we 
describe the methodology used and, in particular, the tools from network analysis 
employed. Then, data sources are presented and results commented. We finally 
draw some concluding remarks.

14.2  Background

As already mentioned, big data has become one of the hottest topics in the business 
and economics field over the last few years. While data has always been an essential 
component of economic activity, it was difficult and costly to collect. At the present 
moment, information and communication technologies allow to collect and produce 
data at superfast speeds, in very large quantities, and with low costs. According, 
data has reinforced its role in creating economic value by enabling new ways to spur 
innovation and productivity growth [22, 23, 26, 28].

Much of the big data is generated within the firm: it is the data coming from 
firms’ daily activities and processes. While this data has been traditionally consid-
ered as a side product of firm’ main activity, now it has become a key input for the 
improvement of business’ efficiency and productivity.

Some big data is produced outside of the firm. There are companies which main 
business consists in collecting data and selling it to others. In addition, other big 
data comes from the public sector which is a major collector and producer of data 
as an essential element to carry out its public functions [38, 39]. In fact, govern-
ments worldwide have started to progressively make their data available to the gen-
eral public, that is, they are making it open [38, 39].

Essentially there are two main ways in which all this big data can generate value 
added: data-driven decision-making and data-driven innovation.

On the one hand, managers can use data to improve their decision-making. As 
McAfee and Brynjolfsson ([22], p. 62) indicate, “because of big data, managers can 
measure, and hence know, radically more about their business, and directly translate 
that knowledge into improved decision making and performance” and productivity 
growth.

On the other hand, big data can be used to innovate. Hence, firms can apply big 
data to develop new products, services, and processes or to improve the existing 
ones [23, 26, 28]. In this sense, OECD [26] has identified five key areas for data- 
driven innovation: (i) the development of new products, by using data as a product 
or as a key input, (ii) the optimization or automatization of processes, (iii) the 
improvement of marketing, (iv) the development of new management and organiza-
tional practices, and (v) the boost of research and development activities. In fact, the 
so-called app economy is no other thing that the result of the use of big data to 
develop new products and services, the apps [27].

Online companies were among the first firms to exploit the potential of big 
data: they tracked their customers’ visits and collected the related data (e.g., the 
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 products/services they bought, the links they clicked, the time spent on the website, 
the products/services checked), in order to know more about their clients and use 
that information to personalize offers to them.

Nowadays, big data has overcome the boundaries of the online world, and firms 
from every sector and industry are trying to find ways to take advantage of it and 
fulfill the potential it offers [23]. Hence, in the last few years, there has been an 
increasing tendency toward investments in data-related technologies and services 
across all the sectors of the economy [28]. Specially remarking are firms’ invest-
ments in data specialists. In fact, one of the key elements for firms to be successful 
in the use of big data is to have workers with the appropriate skills – much of big 
data is unstructured and presents different formats and hence requires very high- 
skilled workforce who are able to process all this data and put it in a comprehen-
sible way. Furthermore, firms need workers who are able to make sense of all this 
data and extract some economic value from it. Hence, one of the major threats to 
the big data revolution is the lack of data specialists. Though there is no unique 
definition on data-related skills, there is some agreement in the literature about the 
need of personnel with some knowledge in statistics, computer science, and busi-
ness, who are able to clean and organize large data sets, who know how to use 
visualization tools, and who can extract business and economic insights from the 
data [22, 26, 28]. Accordingly, the demand for professionals with such kind of 
skills has been consistently rising over the last years. Apart from the ICT industries, 
the economic activities which are hiring more data specialists are insurance and 
finance, science and research and development, advertising and market research, 
and the public sector [28].

Within this context, the measurement of the economic effects of big data has 
become a major issue. Much of the available empirical evidence is based on cases 
studies in the business literature [22, 32]; meanwhile economic studies which esti-
mate the impact of big data for firms and economic sectors are not many. Nonetheless, 
their results suggest that firms’ use of big data can boost their innovation and pro-
ductivity growth [1, 3, 31]. In this sense, recent research [3] has shown that compa-
nies relying on “data-driving decision-making” show higher performance than rival 
firms. In particular, they are about 5% more productive than those firms which do 
not use data so intensively in their decision-making processes [3]. Likewise, Bakhshi 
et al. [1] find that companies that do an intensive use of online customer data are 
between 8% and 13% more productive than those with low levels of data use [1]. In 
the same line, Tambe [31] estimates that firms’ investments in data-related tech-
nologies (measured by the shares of data specialists in their total workforce) are 
associated with faster productivity growths. In particular, his results indicate that 
productivity growth is 3% faster for firms doing such kind of investments, provided 
that they have already invested in data assets and that they are operating in markets 
where there is availability of complementary inputs. Specifically, Tambe [31] 
reports the importance of firms’ being able to access labor markets with workers 
with complementary skills to data investments. It is also worth noticing that there is 
some other evidence on the particular impact of the use of public big data by firms, 
that is, the data collected and produced by the public sector and that is becoming 
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progressively available to the public (firms, citizens, institutions). In this sense, 
Koski [18] found that the free provision of geographical public data was associated 
with 15% higher annual firm growth compared to countries where this kind of data 
was priced. Moreover, and as highlighted by Tambe [31], he underlines the impor-
tance of complementary inputs for data-driven innovation, i.e., firm’s absorptive 
capacity, ICT use, and external information sources [19].

In spite of all this evidence, it is important to bear in mind that the measurement 
of the economic impact of big data is not an easy task: on the one hand, and given 
the relative novelty of this phenomenon, there is no standard framework to address 
its measurement, and there is a dramatic lack of data to carry out a proper economic 
analysis, especially in what regards developing countries; on the other hand, many 
of its benefits are not captured by market transactions [20, 21, 28]. Furthermore, the 
percentage of firms making use of big data is still very low. For example, European 
Parliament [11] recalls that only 1.7% of European firms make full use of advanced 
digital technologies (including data-related ones). For developing economies, such 
information is not available, but it is very likely to be even lower.

In addition, the studies carried out on the economic impact of big data suffer 
from some limitations which do not allow to generalize their estimates [28]. In this 
sense, it is important to take into account that the potential positive effects of big 
data vary across economic sectors and the successful implementation of data initia-
tives do depend on the availability of complementary inputs, e.g., high-skilled 
workforce with abilities related to data processing and analytics  [19, 28, 31]. 
Moreover, these studies suffer from some kind of selection bias as highlighted by 
OECD [28]: estimations are gathered from samples of high-technology firms 
located on developed economies (mostly the United States, USA).

Hence, the need for more studies allows to better understand the economic 
potential of big data activities [28]. This is the aim that the present chapter tries to 
achieve by providing further empirical evidence on the role of big data industries 
within the economic network.

14.3  Methodology

The raising importance of big data has gone with growing interests and efforts to 
quantify its economic impact [5, 25].

It is important to bear in mind that a proper analysis of the economic importance 
of any industry requires taking into account its role in the diffusion of knowledge 
and innovation throughout the economy. In the particular case of big data industries, 
their size in the economy is not much (by now), but their importance relies on the 
effects derived from its widespread diffusion across the economy. As the Networked 
European Software and Services Initiative ([25], p. 3) indicates “big data software 
and services generate value by supporting an innovative eco-system and by enabling 
completely new solutions that have not been possible before” throughout the full 
economic network.
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In this context, it becomes essential to consider the intersectoral relationships 
established in the industry network. Input-output (IO) analysis reveals as a very use-
ful tool to achieve this goal, since it details the interdependencies between sectors. 
Recent studies [14, 15, 29, 30] have incorporated the network theory in the input- 
output framework in order to capture some qualitative features of the industry net-
work. In this sense, network analysis can bring some novel insights into the potential 
of new technologies to facilitate knowledge flows and, consequently, to generate 
new sources of income and wealth. The flow of information and resources between 
two industries depends not only on their relationship to each other but also on their 
links to everyone else.

To take account of these features, three network measures have been considered: 
centrality, technical efficiency, and constraints, the latter two based on Burt’ 
Structural Hole theory [4].

Centrality is a basic feature in the network. Though there is no unique definition, 
centrality measures aim to identify the key nodes in a network. Many measures of 
centrality have been proposed along the years. In the present analysis, we will be 
using the eigenvector centrality [2]. This is a standardized measurement based on 
the algebraic method of the eigenvector calculation, which takes into account not 
only the direct relations a sector has but also how well connected are the sectors to 
which it is connected.

Complementary, and following Burt’ Structural Hole theory [4], we can consider 
the different positions that individuals (sectors) hold within a network in terms of 
the possibilities they have to access to information and, hence, to knowledge. In 
particular, some individuals (industries) are better positioned than others. Within 
this context, relations can be classified as redundant or nonredundant, where nonre-
dundant linkages are characterized by the fact that they give access to more varied 
and less homogenous information and thereafter they can facilitate innovation. 
Hence, nonredundant relations imply that competitive advantages can be gained 
over the others. According to Burt [4], these nonredundant links would be con-
nected by structural holes.

Methodologically, the measurement of nonredundant relations is gathered in the 
so-called effective size [4]. The effective size (TE) is calculated as:

 

TEi
j q

iq jqp m q i j= -
é

ë
ê

ù

û
ú ¹å å1 ; ,

 

(14.1)

where index q refers to those individuals (industries) that are connected to both 
individuals (industry) i and j, piq shows the proportion of direct relations, and mjq 
represents the marginal intensity of individual (industry) j in relation to individual 
(industry) q. The relative measure of these nonredundant relations is called effi-
ciency index, which is bounded between 0 and 1: values closer to 1 (0) indicate high 
(low) levels of efficiency, meaning high (low) access to nonredundant relations and 
thus a good (bad) position in the network in terms of access to information and 
knowledge.
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While the level of nonredundant relations is a basic indicator of an individual’s 
(industry’s) position in the economic network, such position can be constrained by 
the existence of dependences between individuals (industries). When the levels of 
these dependences are high, the benefits of nonredundant links can be small, even 
for a high-efficiency industry, as long as it suffered from the non-favorable condi-
tions of those industries it depends on. In order to measure the degree of dependence 
between individuals (industries), Burt [4] defines a constraint index as:

 

C ci
j
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(14.2)
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(14.3)

pij* is the relative intensity of the relations between i sector and j sector, and piq*(pqj*) 
are defined analogously.

14.4  Data and Results

In order to analyze the capacity of the big data-related industries for technological 
diffusion, for enhancing innovation, and for creating new market opportunities, it is 
essential to work with a homogeneous and widely accepted definition. In 2012, the 
OECD Working Party on Measurement and Analysis of the Digital Economy 
(WPMADE) attempted to measure big data-related activities from a National 
Accounts perspective. With this aim, they defined big data-related industries as 
those activities which aim was to collect, process, and diffuse digital data ([28], 
p. 74). Based on the International Standard Industrial Classification of All Economic 
Activities (ISIC, Rev.4), this definition included the following activities: (5812) 
publishing directories and mailing lists; (5819) other publishing activities; (6311) 
data processing, hosting, and related activities; and (6312) web data portals.3 This is 
the framework adopted in the present analysis order to study big data industries.

The description of the interindustry relationships of big data-related activities 
requires the use of input-output table data, provided that there is enough disaggrega-
tion at the industry level. In the particular cases of analysis, Slovenia and Slovakia, 
the latest input-output tables refer to the year 2010 with a level of disaggregation of 
64 industries (NACE rev. 2) and 64 products (CPA 2008) [13]. Such disaggregation 
provides enough information to be able to identify the big data-related industries.

3 The big data-related industries are identified by the codes of the International Standard Industrial 
Classification (ISIC, Rev. 4).
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Nonetheless, a very careful matching process is necessary in order to find the 
correspondence between the OECD definition and the information contained in the 
IO tables: the OECD definition relies on the International Standard Industrial 
Classification of All Economic Activities (ISIC, Rev.4) which was released in its 
fourth revision by the United Nations in August 2008; meanwhile, in the European 
member states, IO tables are based on the Statistical Classification of Economic 
Activities of the European Community (NACE 2), released in the year 2002. 
Following the correspondence between the two classifications, ISIC and NACE, we 
can identify the big data-related industries included in the IO table as those pre-
sented in Table 14.1.

It is important to bear in mind that these IO sectors include not only big data- 
related industries but also some other activities that might not be related to big data. 
Accordingly, and in order to make a rigorous and proper analysis of the sector, it 
would be necessary to isolate the part that is strictly related to big data. Henceforth, 
we have to disaggregate sectors 40 and 37 from the input-output table into the four 
mentioned big data industries.

However, such task is not free of difficulties due to the lack of appropriate infor-
mation and different possible disaggregation methods. Some selection variables are 
then needed to be able to separate big data subsectors from the ones that are not. 
Moreover, disaggregation has to take place at two levels (rows and columns), since 
the input-output table is a double-entry table for purchases and sales.

Given that the considered four big data industries belong to the services field, we 
use data from the annual detailed enterprise statistics for services [12] to identify 
and isolate big data industries. Specifically, data about the valued added and turn-
over are used. These two variables allow us to carry out the aforementioned disag-
gregation by columns and rows, respectively. In particular, the distribution of value 
added and turnover (see the percentages in Tables 14.2 and 14.3) is assumed to be 
the same along the particular row and column analyzed; in other words, we assume 
that the structure of purchases and sales equals the figures of value added and 
turnover.

Once the big data industries have been identified and their information disag-
gregated, their position in the economic network is analyzed through the network 
measures described in the previous section. Hence, efficiency, constraint, and eigen-
vector levels are calculated for Slovenian and Slovakian economies.

Table 14.1 Correspondence between ISIC and NACE

ISIC (Rev.4) Sector IO/NACE 2

5812 Publishing of directories  
and mailing lists

Sector 37/CPA J58. Publishing services

5819 Other publishing activities
6311 Data processing, hosting,  
and related activities

Sector 40/CPA J62 y 63. Computer programming, 
consultancy, and related services; information services

6312 Web portals

Source: own elaboration using Eurostat [13] and OECD [28]

A.S. García-Muñiz and M.R. Vicente



263

Tables 14.4 and 14.5 provide some descriptive statistics of the aforementioned 
network measures in Slovenia and Slovakia: the mean, the standard deviation, and 
the correlation coefficients between the network metrics and two key economic 
indicators, i.e., value added and output at basic prices. Results are presented as 
a matrix where the elements above the diagonal refer to the four activities identified 
as big data industries; whereas those below the diagonal correspond to the rest of the 
economy, that is, the non-big data sectors.

Results for Slovenia show that big data industries have high levels of efficiency 
(0.802), though they are a bit below the average efficiency for the rest of the econ-
omy (0.823). Hence, big data activities, while holding a good position in the eco-
nomic network and being able to access nonredundant information and knowledge 
(efficiency in the threshold of 0.8), do not contribute to promote diffusion and inno-
vation throughout the economy as much as other industries.

Moreover, big data industries do not present as many important connections with 
key sectors as other activities: the values of the eigenvector vector for big data 
industries (0.075) are below those computed for the rest of the economy (0.107).

Nonetheless, there are some positive features about Slovenian big data indus-
tries. A first strong point is that they have, on average, less constrained networks 
than those of the rest of the economy (note the averages for constraints: 0.119 in the 
big data sector compared to 0.122 in other industries). The level of constraint points 
out that big data activities have fewer restrictions and need lower investments in the 
configuration of their network of relationships than the rest of the productive 
industries.

In addition, big data industries show stronger correlations with economic indi-
cators. In particular, efficiency is highly correlated with both output and value 

Table 14.2 Value added and turnover. Slovenia 2010 (million EUR)

Big data industries Value added Turnover
(ISIC Rev.4.) Big data % Big data %

58.12 Publishing of directories and mailing lists 0.5 0.45 1.8 0.51
58.19 Other publishing activities 9.8 8.78 25.3 7.20
63.11 Data processing, hosting and related activities 43.6 9.96 102.8 9.87
63.12 Web portals 10.6 2.42 38.9 3.73

Source: Eurostat [12]

Table 14.3 Value added and turnover. Slovakia 2010 (million EUR)

Big data industries (ISIC Rev.4.)
Value added Turnover
Big data % Big data %

58.12 Publishing of directories and mailing lists 0 0 0.1 0.03
58.19 Other publishing activities 31.2 23.09 83.9 25.94
63.11 Data processing, hosting and related activities 217.8 27.25 324.8 20.05
63.12 Web portals 0.4 0.05 0.9 0.06

Source: Eurostat [12]
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added (correlation coefficients over 0.8). Such result suggests that efficiency 
improvements might easily translate into better economic performance, provided 
that constraints keep their low levels.

Within the big data sector, the low values of the standard deviation computed for 
the three network metrics indicate that the four considered industries seem to behave 
quite alike in terms of the level of connections with other activities, the access to 
nonredundant information, and constraints.

These lower levels of efficiency and centrality of Slovenian big data industries 
(compared to the rest of economic sectors) might be an indication that investments 
in research and development (R&D) activities in this sector are not enough as to 
promote and foster its role in the diffusion of knowledge within the economic net-
work. In fact, the figures of the ICT sector business enterprise R&D (BERD) expen-
diture (as a share of total BERD)4 show that Slovenia is below the European average 
and toward the bottom of the distribution of European countries: in Slovenia the 
share of the ICT sector BERD was about 10% in the period 2010–2012 compared 
to the European average of 17% [17].

Some more insights into the elements that potentially weaken Slovenian big data 
industries (and that explain its lower levels of efficiency) can be gained by looking 
at the general development of its digital economy. As already commented in the 
second section of this chapter, the potential of big data industries largely depends on 
having the right technology (infrastructure) to process and analyze this data but also 
on having a workforce with the appropriate skills and complementary inputs. 
Composite indicators such as the Networked Readiness Index of the  World 
Economic Forum [41, 42] and the Digital Economy and Society Index (DESI) 
developed by the European Commission [8] can help us to assess the availability of 
these elements, since they summarize the main dimensions of a country’s digital 
development.

In this sense, the values of the Networked Readiness Index show that Slovenia is 
quite well positioned in the digital economy, ranking 37th over a total of 143 nations 
[42]. In particular, it stands out in ICT infrastructure, skilled population, and 
e- business tools. However, “Slovenia does not manage to completely leverage the 
full economic potential of ICTs for boosting innovation, where it continues to lag 
behind other EU countries” (World Economic Forum [41], p. 20). In fact, Slovenia 
ranks 18th among the 28 members states of the European Union according to the 
Digital Economy and Society Index (DESI) [7, 10]. Nonetheless, it is worth notic-
ing that Slovenia belongs to the so-called catching-up group of countries, since it 
has been growing at a faster pace than the European average [7, 10].5

The strongest elements of Slovenian digital development rely on the use of ICT 
by firms and its high-skilled population, raking 11th and 9th in these two dimen-
sions (among EU members), respectively. In contrast, its weakest element refers to 

4 Given the lack of data of R&D investments in the big data industries, we use as a proxy R&D 
investments in the ICT sector.
5 According to the 2016 Digital Economy and Society Index [10], Spain, Italy, Latvia, Romania, 
and Croatia also belong to the catching-up group of countries within the European Union.
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the use of these technologies by its population specially in what regards digital 
public services and open data: not only the number of egovernment users is low 
compared to the European average, but also Slovenia is in the last position in its 
efforts to open its data and reuse it [7, 10]. What we see then is that the Slovenian 
digital economy is characterized by the existence of a gap between the potential of 
its human resources and their use of ICT.

Such a gap between potential capacity and actual use might be one of the factors 
that explain why big data industries show lower levels of efficiency and centrality 
compared to other economic sectors.

Another element of special concern is its low performance in open data given its 
clear connection to the big data field. In this sense, it is important to bear in mind 
that big data is not only being produced in the private sector, but also the public sec-
tor is a main producer of it [38, 39]. This public big data can generate economic 
value by being used by firms either as an input to create new products or services or 
to improve their decision-making ([24, 33, 38, 39]). In the particular case of 
Slovenia, its bad peformance in this area signals the high risk of losing all this 
potential to create new sources of innovation and wealth.

Table 14.5 shows the results of the network analysis for Slovakia. In this country, 
the average efficiency of big data industries is high (over the threshold of 0.85), and 
moreover it is over the computed average for the rest of the sectors of the economy. 
Such result implies that big data activities have access to nonredundant economic 
links which provide them with more varied and rich information (compared to other 
economic industries) and, hence, they can facilitate innovation.

However, the results for constraints and centrality measures suggest there might 
be some limiting factors to the role of big data industries as enablers of innovation 
and knowledge diffusion. Both measures, constraints and eigenvector, show lower 
values in big data industries compared to the average of the rest of the economy.

The lower value of the eigenvector indicates that big data industries are missing 
connections with some important economic sectors. While this lack is attenuated (at 
least, to some extent) by the access to nonredundant information (we recall that the 
efficiency score is high and over the average), it might constitute a threat for the 
future development of the big data industries.

In addition, the level of constraints of big data activities is a bit higher than that 
of the rest of the economy. This result indicates, on the one hand, that the big data 
industries show more dependence on other industries than the average and, hence, 
negative shocks in the economy are likely to have a bigger impact over them (due to 
its higher dependence); on the other hand, the higher level of constraints points out 
the establishment of new links and connection requires big data industries more 
efforts and costs than the average of the other economic sectors.

As to the correlations between the network metrics and the considered economic 
indicators (output and value added), it is worth mentioning that they are not signifi-
cant and, furthermore, they do not present the expected signs for the case of big data 
industries. Such result again points out the idea of the existence of some conditions 
that limit the potential of big data industries (as already suggested by the lower 
values of centrality and higher constraints compared to the rest of the economy).
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In this sense, if we analyze the pattern of digital development in Slovakia, we can 
see that it is positioned toward the bottom of the distribution of the European coun-
tries, ranking 21th among the 28 member states [6, 9]. In fact, over the last years, its 
pace of growth has been slower than the European average. Therefore, it has been 
classified in the cluster of “falling-behind” countries [6, 9].6

While the most outstanding dimensions of Slovakian digital development are 
population’ skills together with the take-up of ICT, it shows quite important weak-
nesses on businesses’ integration of digital technology, connectivity, and the offer 
and use of public services online [6, 9]. This low use of technologies by firms might 
be the reason that explains the observed score for the centrality network measure: it 
was below the average indicating that some important connections were missing. 
Hence it seems that the connections of big data industries tend to be concentrated in 
some particular sectors of the economy (on which they are quite dependent) and are 
not able to fully expand to other important sectors due to the lack of appropriate 
technology and infrastructure. Therefore, the comparatively low use of ICT by 
enterprises raises a serious concern and threat for such big data activities.

Other important weakness for the development of Slovakian big data industries 
are related to the defficiencies in Slovakian open data initiatives. From 2015 to 
2016, Slovakia’s position has deeply worsened, falling seven places from ranking 
14th to 21th [9]. This fact also poses a serious threat about the future potential of big 
data activities in this country.

14.5  Concluding Remarks

Over the last few years, more and more attention has been paid to the opportunities 
that big data can create for countries’ economic competitiveness and growth. Most 
of the empirical evidence in this field has focused on the most developed countries 
such as the USA, and much less is known about the state of these activities in other 
less developed nations mainly due to the lack of appropriate information.

Within this context, this chapter has tried to provide some evidence on strengths 
and weaknesses of big data industries. Due to the lack of appropriate data to carry 
out such analysis for developing countries, we have paid attention to two relative 
recent member states of the European Union, Slovenia and Slovakia. In addition to 
the availability of updated data on big data industries, their patterns of digital devel-
opment show some common features with those of some developing countries. 
Henceforth, the analysis of their big data industries could throw more useful insights 
for a developing country than that of a high developed nation.

Network analysis tools combined with input-output information have been used 
to assess the position of big data industries in the network of economic relations and 
identify their weaknesses and strengths. In particular, we have used centrality, effi-
ciency, and constraint network measures.

6 The other countries that are also falling behind are Bulgaria, Cyprus, the Czech Republic, France, 
Greece, Hungary, and Poland [6, 9].
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Results have shown for Slovenia that the levels of efficiency and centrality of big 
data industries are a bit below the average of the rest of the economy, indicating that 
(i) these activities are not contributing to promote diffusion and innovation through-
out the economy as much as other industries and (ii) that some important connec-
tions are missing. The level of constraints, however, is lower than those suffered in 
other economic sectors.

In the case of Slovakia, efficiency is above the mean, but centrality is lower. 
These two results point out that while big data industries are able to access nonre-
dundant information, there are still some key links missing. Moreover, the costs to 
establish those connections might be high for the big data industries given that they 
have a higher level of constraints than the rest of the economy.

It is important to bear in mind that the economic analysis of the big data sector is 
a quite difficult issue to address due to its novelty, the lack of a standard definition, 
and the shortage of appropriate data. This lack of data is especially severe in those 
countries which are not the most developed nations. In this sense, it would be essen-
tial to have information (for this kind of countries) not only about the proper big 
data sector but also about the level of ICT skills of the population and, in particular, 
whether the workforce is qualified enough to deal with big data. The two countries 
analyzed here are both strong in terms of the skills of their populations. However, 
that not might the case of many developing countries, a feature that could limit their 
opportunities to develop data-driven economies.
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Chapter 15
Is ICT the Solution of the Problem 
for Estonia?

Tõnis Mets

Abstract The Singing Revolution led to regaining independence after 50 years of 
Soviet occupation and created a new socioeconomic situation in Estonia in 1991. 
One of the first steps, of the Estonian government, was a telecommunication con-
cession to the private company Eesti Telekom, in 1992. In 1995–1998, the Estonian 
government launched the national ICT strategy followed by the e-governance pro-
gram. Fast economic and welfare growth in 1995–2007 ended with the global crisis, 
reminding many that linear growth of the economy is not sustainable anymore. 
Some new trends appeared in the last 8 years: Estonia has become the home of 
many new ICT startups which soon became global. There are opinions that it is not 
important for the Estonian economy, and ordinary Estonians will never experience 
a better living standard from such ICT startups. The chapter, based on data available 
from the statistics and multiple case studies, tries to find the answer.

Keywords National ICT Program • E-governance • Startups • Globalization

15.1  Introduction

Estonians declared their own state in 1918 and defended their rights of self- 
determination in the Estonian War of Independence against Soviet Russia and Baltic 
Germans from 1918 to 1920. Estonia, as well as the other Baltic states, was occu-
pied by Soviet Union in 1940 as the outcome of secret protocols of the Molotov- 
Ribbentrop Pact [1]. The Singing Revolution led to regaining independence after 50 
years of Soviet occupations and created a new socioeconomic situation in Estonia in 
1991. The inhabitants of Estonia had great determination with catching up to the 
standard of living, commensurable to the people of Finland. If Estonia and Finland 
had been economically on the same level in 1940, then the estimates for Estonia in 
1988 indicated per capita household income six times lower than in Finland [2].  
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It had been the consequences of a long period of Russification, Soviet command 
economy, and suppression of entrepreneurial mind-set, if not to mention, direct ter-
ror in the 1940s and 1950s.

In the new beginning, since 1991, the Estonian government, having very limited 
resources, chose liberal economic policies supporting foreign direct investment. 
After the “shock” of welfare drop and restructuring of the economy, this policy has 
facilitated fast growth since 1995, reaching approximately the level of 60% of the 
European Union’s GDP per capita in purchasing power by 2006 (absolute values 
twice lower) (based on [3]). At the same time, Estonia became famous with its 
e-governance achievements, including online tax declaration and e-voting in gen-
eral elections. Fast economic and welfare growth ended in 2007 with the global 
crisis and big recession reminding many that linear growth with the old structure 
of the economy is not sustainable anymore. Although Estonia has decided “smart 
specialization” being further development strategy, there is still a lack of confi-
dence on how to reach that target. There also appeared new initiatives, such as 
Startup Estonia and widening information and communication technology (ICT) 
studies on the higher education level. This new situation has raised the question 
about the role of ICT as well as ICT entrepreneurship. Are these creating new per-
spectives for socioeconomic development? There are opinions that it is not impor-
tant for the Estonian economy, and ordinary Estonian people will never experience 
a better living standard from such ICT startups [4]. This opinion could not be 
noticed if having no attention from among the public and some politicians. Part of 
Estonians is more optimistic about the impact of ICT and technology entrepreneur-
ship on the Estonian economy.

Trying to answer the question asked in the title, this chapter makes an attempt to 
find evidence of the potential for ICT startups in Estonian economy and welfare.

That means also:

• Disclosing ICT framework of socioeconomic transition of Estonia
• Overview of economic outcome of ICT sector in Estonia
• Evaluation of the potential of ICT sector in economic growth
• Disclosing investments into ICT startups
• Analysis of value and jobs created by startups

A short overview of the framework and transformation of Estonian economy and 
developments of ICT sector is presented in the next two sections. These are fol-
lowed by analysis of the ICT sector and its startups specifically. Conclusions and 
recommendations end the chapter.
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15.2  ICT Framework for Socioeconomic Development

15.2.1  ICT and Economic Development

Several researchers find ICT investment contributing to economic growth and socio-
economic development [5, 6]. But there still is an opinion that “theoretical capabili-
ties to study technology innovation in relation to socioeconomic context” remain 
weak “about IT-enabled socioeconomic development” ([5], p. 1). Not interfering 
with this discussion, there are noticed several ways how society is influenced by 
ICT (author’s compilation, partly based on [5]):

• Diffusion/transfer of knowledge (to developing countries) on society and per-
sonal levels.

• Social embeddedness perspective of ICT. This is the question about sensemaking 
and accommodating ICT-based innovations and capability to attend in society by 
citizens. Partly, a digital divide (e.g., access to the Internet) has seen being a new 
form of inequality, not only between developed and developing countries but 
also between different age and income groups in society.

• ICT, as an enabler of economic development, has two sides:

 (a) ICT as a technological basis of socioeconomic development. Partly, besides 
diffusion and embeddedness that is related to communication and informa-
tion systems (management). Access to digital communication is seen as an 
assumption to attend in international trade. ICT is also a source of productiv-
ity in traditional industries, and it is an enabler of new businesses in any 
field. As a result, ICT is an enabler of competitiveness of the country in 
general.

 (b) ICT, as an economic sector, has a direct as well as indirect impact on society. 
The direct impact on national income includes highly paid jobs in the ICT 
industry – production and services and export of both. The indirect impact 
can be seen in a multiplier effect by the creation of jobs in other tradable and 
non-tradable sectors (e.g., local services). The potential of this effect is dif-
ferent in different countries, e.g., in the USA and Sweden, the effect can 
appear between 0.4 and 5 [7, 8].

Adoption of ICT is growing in the knowledge economy, based on new knowl-
edge created by R&D and innovation in wider meaning including social and cul-
tural practice [9]. In addition, the growth of service-based industries is the trend 
intrinsic to knowledge economies [9]. In particular, small, open economies, like 
Estonia (or Finland), have their “push” factors, coming from the need to cover 
R&D expenses, and “pull” factors, related to the attractiveness of bigger interna-
tional markets [10]. As a result, most of technology, including ICT, startups need 
to go internationally or even globally at an early stage. Partly, lack of seed capital 
at the home country and searching for international investments for business 
development support that trend.

15  Is ICT the Solution of the Problem for Estonia?
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15.2.2  Methodology

A general overview of socioeconomic development in the chapter is based on litera-
ture review and the statistical databases of the Statistics Estonia. The main attention 
focuses on the influence of ICT on the mode of e-governance, economic growth, 
and the creation of new jobs. The empirical part of the chapter analyzes economy 
aspects of the ICT sector and its subsectors. Among ICT production and services, 
more influential subfields are analyzed. For that, subfields are selected according to 
the Estonian Classification of Economic Activities (EMTAK), which is the national 
version of the international harmonized NACE classification. The data, available 
from the statistical databases of the Statistical Office of Estonia, indicates the share 
of ICT sector in sales, value creation, export, and employment comparing with other 
areas and economy in general. Less can be found about the contribution of ICT to 
other (traditional) sectors, although, supposedly, it could be that the employment of 
ICT specialists is much wider than in the specific sector according to EMTAK. That 
is the aspect needing further studies.

A particular topic is the contribution of ICT startups into socioeconomic devel-
opment. This is the aspect not counted in the official statistics. As these startups are 
making small share among the total number, nearly 6,000 ICT companies, multiple 
case studies are used to map their patterns. For that purposes, the data from web 
pages of special startup networks, public media, interviews, and data of the 
Commercial Registry are analyzed. A sample selection is based on the Garage48 
Hub (http://hub.garage48.org/) [11] and the author’s previous studies [10]. The cri-
teria for that is the Estonian origin of the idea, success of the entrepreneurial pro-
cess, and international business focus of the startup. The companies meeting those 
requirements have already been launched and reached the market independently or 
successfully (for the founder and investors) led to IPO or merged/acquired by the 
new owner (exit). Among 30 Estonian startups with most capital raised, ICT appli-
cation is the leading technology within 27 of them. A sample for case studies, from 
the top 30 startups, is based on the author’s better knowledge of new ICT ventures 
which are demonstrating a variety of ways on how they contribute to the Estonian 
economy and welfare. Altogether five startup cases are selected, representing the 
biggest investment (TransferWise), successful exit (GrabCAD; Fits.me), as well as 
market success (Click & Grow; Defendec).

15.3  Framework for the Socioeconomic Transition of Estonia

15.3.1  Economic Re-structuration

At the beginning of restored independence, in 1991, Estonia, leaving the old Soviet 
command economy and Russian influence, found itself in an absolutely new situa-
tion. Market relations had to be established and the economy restructured to the 
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market needs. For that, it was necessary to create an environment for entrepreneur-
ship and disconnect own economy from the inflating Soviet ruble. Notwithstanding 
warning voices of several Western experts in 1992, Estonia introduced its own 
kroon, which being fixed to the German mark served for stable developments until 
changing to the euro in 2011. Disconnection of the own economy from the Soviet 
economic system was not a painless process, although nobody can suppose that the 
collapse of Soviet Empire could be that in any case. The subsequent decrease of 
economy lasted 3 years. It was an introduction of the market economy and starting 
radical reforms and, also, the beginning of a period not only of “shock therapy” for 
the economic system but also of social shock in the Estonian society.

The first steps were privatization of state enterprises, the return of property 
expropriated by Soviet system to owners, privatization of state housing to residents, 
and attraction of foreign direct investments into the economy. The government, led 
by Mart Laar, also established a flat income tax. These were decisions, creating the 
legal framework, boosting the entrepreneurial activity of many people. All that acti-
vated the economy, GDP started to grow since 1995 with the speed between 4.4% 
and 10.5% (in fixed prices) per year until 2007 (Fig. 15.1) (the exception was GDP 
growth 0.3% in 1999 during the “Russian crisis”).

1995–1998 was the period of integration within the European Union (EU) and 
NATO. It was also the period of economic stabilization. Fast economic and welfare 
growth also continued until 2007, after accession to the EU and NATO in 2004. The 
global crisis and big recession of the GDP −4.2% in 2008 and −14.1% in 2009 (see 
Fig. 15.1), but also the unemployment rate reaching 16.9% in 2010, reminded the 
Estonian government that linear growth with the old structure of the economy is not 
sustainable anymore. The subsequent growth remained around 2–3% annually, and 
the level of 2007 was nominally reached again in 2011 (in 2014 at fixed prices).
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Fig. 15.1 GDP per capita, value added (productivity) per employee in the Estonian economy, 
EUR in fixed prices (Source: The author based on Statistics Estonia 2016)
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Estonia, as a small country, has implemented a policy of open economy, which 
has been described by a high share of export between 26% and 36% of total sales in 
the last 10-year period. Although Estonian government has selected the goals toward 
the growth of productivity and smart specialization [3], there is still a lack of confi-
dence about further trajectory.

15.3.2  ICT and E-Governance

One of the first steps of involving international capital into infrastructure develop-
ment by the Estonian government was a telecommunication concession to the pri-
vate company, AS Eesti Telekom, in 1992. With this decision, Estonian government 
prepared modernization and (re)construction of the telecommunication network, 
the backwardness of which, comparing with developed countries, as inherited from 
the old system, was approximately 20–30 years. From 1995 to 1998, the Estonian 
government launched the national ICT strategy (the “Tiger Leap” program). 
Computer literacy training had already started at schools. Ninety-seven percent of 
schools were connected to the Internet in 1997 that was followed by the e- governance 
program; Estonian government’s assemblies became paper-free since 2000.

After that, Estonia has developed numerous public e-services including elec-
tronic identity card based on that system. The electronic identity card can be used 
for authentication and signing documents digitally. There is now “one-stop shop” 
portal (www.eesti.ee) gateway to e-Estonia where the citizen can apply practically 
for all state services. Among them are, for example, the Electronic Health Registry 
and e-Prescription. Of particular interest internationally is the e-residency system 
developed following changes to the residency legislation in 2014 [12]. Electronic 
ID cards are part of the e-residency system. Many Estonian experiences are bench-
marks, not only for developing countries but also, for example, highly developed 
Japan [13].

The achievements of Estonia, in e-governance and business development, have 
found wide attention globally. However, Estonia is not ranked in the first positions 
(mainly 6–28) of any components of a Networked Readiness Index (NRI) by the 
World Economic Forum [14]. Commenting on the situation, advisor for the 
Government, Mr. Sikkut, mentions that in part Estonia has left others behind [15]; 
that means, in several aspects, NRI has no indicator/measurement as of yet.

Besides public e-services, some new trends can be noticed in the last 8 years: 
Estonia has become the home of many new ICT startups, which will soon become 
global. Good examples for that have been Regio, Skype, and Fortumo [10]. Now, 
entrepreneurship training at all educational levels, seed funding, and creation of 
accelerators for startups have become the policy of the Estonian government. ICT 
and, particularly, software development-oriented businesses are dominating among 
the startups [11]. This is calling us about the analysis of the potential of ICT orienta-
tion for further welfare development in Estonia.

T. Mets
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15.4  Technology Entrepreneurs

15.4.1  ICT Sector in Estonian Economy

The sector is characterized by growing the share of ICT companies from 2.2% in 
1995 to 4.9% in 2015, absolute numbers – from 681 to 5,767 for the same period. 
As, according to the Statistical Office, there are 117,398 registered companies per 
1.316 million inhabitants in Estonia (2015), these numbers are impressive. Although 
absolute numbers and the share of ICT have grown remarkably (Table  15.1, 
Fig. 15.2) in the last 10-year period, the role of the (ICT) manufacturing sector in 
value creation remains modest.

The reason behind can be seen in foreign ownership and sub-contract production 
function of the ICT manufacturing industry in Estonia. Productivity (value added) 
per employee at 28.7 thousand euro remains lower from the mean 31.95 thousand 
euros describing the Estonian economy in 2014.

With employment and productivity numbers (8,316 employees and value added 
per employee 37.0 thousand euro in 2014), programming sector surpasses tradi-
tional manufacturing industries, e.g., furniture production (~7,500; 13.7), pulp and 
paper (~1,400; 26.4), chemical (~4,200; 33.3), clothing (~6,000; 11.0), textile 
(~3,800; 17.4), gum and plastics (~3,900; 22.1), manufacture of means of transport 
(~4,300; 21.8), and machinery and equipment (~3,600; 25.8) (author’s calculations 
based on approximate data [16]). The share of export in sales of the manufacturing 
industry is 67.7%, share in value added −16%, and employment −18.2% [16].

Although the importance of the ICT (manufacturing and service) sector, in 
export, started to grow after economic recession period 2007–2009 (Fig. 15.2), the 
(absolute and relative) share of employment in ICT manufacturing industry has 
decreased in 2005–2014 (Table 15.1). That process may continue in the future, as 
one could assume from the numbers of employment as well as from lower average 
added value by the ICT manufacturing sector (Table 15.1).

More productive in value creation is the ICT service sector. Bigger subsectors of 
that are telecom(munication) and programming (software development). The 
Estonian telecom sector has been concentrated already between five bigger compa-
nies (with over 250 employees) employing 74.6% of the workforce and making 
76.2% of sales in the sector. The main share of telecom ownership belongs to for-
eign corporations. Although these companies are making a good profit (and added 
value), they are internal market oriented. The market in telecom is not very open 
anymore.

The software development (as service) sector grows much faster (Table  15.1, 
Fig.  15.3), employing twice as many people, than telecom. This data does not 
include software developers working for other sectors and financial institutions. 
Banks in Estonia have had traditionally large ICT departments. In addition, 15.2% 
of all Estonian companies, in the statistical profile (6,870 with ten and more employ-
ees in 2014), have their ICT specialists (or departments), among them,  programmers. 
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So the total number of employees, in programming, may reach remarkably bigger 
numbers than directly in the ICT sector statistics.

The companies with the number of employees between one and nine are employ-
ing 38.6% of all software developers in 2014. Remarkable is their share 31.3% in 
value creation and 25.7% in the export of the software sector. This is the group 
sourcing the number of startups in the field reaching 2,275, employing 3,210 people 
and involving over 900 on an irregular basis, in 2014. The number of new software 
businesses is between 130 and 200 last years.

Monthly wages of the software (programming) sector remarkably (1.5 times) 
surpass the figures of other sectors and the ICT manufacturing sector, particularly 
(Fig. 15.4).
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Fig. 15.2 The share of 
ICT (manufacturing and 
service) sector in Estonian 
economy, % of total 
number of employees, 
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The author based on 
Statistics Estonia 2016)
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A flagship of Estonian software developers, Skype Technologies (owned by 
Microsoft Corporation), belongs to top institutions with its wages. Besides direct 
contribution to the income of employees and taxes for the Estonian state, that is an 
indicator of the potential of the sector in the indirect creation of new jobs mentioned 
by Moretti [7]. Growing importance of ICT, in the last 25 years, indicates that 
Estonia has passed the stages from developing transition economy to developed 
innovation-driven economy [17].

15.4.2  ICT Startups of Estonian Origin

As mentioned above, up to 200 new software companies are founded every year in 
Estonia. More public attention among them is paid on startups attracting funding by 
investors. Funding, from outside the owners’ circle, could be considered as an indi-
cator of the magnitude of business potential. The first private venture investors in 
Estonia appeared in the 1990s [18], but more active investments into ICT startups 
started after sales of successful IT companies and portals, among them Microlink 
and Delfi in 2004 and 2005 [11]. A strong impact was from the sale of Skype to 
eBay in 2005. Estonian engineers, former co-owners of Skype, became investors 
through their holding company Ambient Sound Investments [19]. Since May 2008, 
Estonian Development Fund, as a public institution, started investments into new 
ventures [20], initiating and supporting new innovative businesses and also encour-
aging private co-funding.

In 2014, the number of startups, receiving outside investment, in the smallest 
country of the Baltics  – Estonia  – was 38; neighboring countries with similar 
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Fig. 15.4 Monthly wages in ICT manufacturing, programming, Skype, and Estonia generally, 
EUR (Source: The author based on Statistics Estonia and Commercial Registry 2016)
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 historical backgrounds, Latvia and Lithuania, had 41 and 23, respectively [21]. 
Comparative data of the three Baltic countries is presented in Table 15.2.

Since 2006, the total number of startups in Estonia was 406, compared to 220 in 
Latvia and 206 in Lithuania. Evaluation of employment in startups shows 2,154 for 
Estonia and approximately 900 for Latvia and Lithuania, together [21]. The total 
amount of raised (accumulated) capital up to August 2015 was €262.4m in Estonia, 
€97.7m in Latvia, and €101.6m in Lithuania [21]. According to the data of Estonian 
networks of startups, Garage48 [11], the share of domestic capital is 16.7% in the 
period until July 2016 (incl.). Usually, Estonian capital combines both – public and 
private funds. Dynamics of investments into Estonian startups is presented in 
Fig. 15.5.

Among the top 30 capital raised new ventures, the author has selected five startup 
cases (Table  15.3) characterizing different development patterns, as mentioned 
above (expert sampling). They represent the biggest investment (TransferWise), 
successful exit (GrabCAD; Fits.me), and market success (Click & Grow; Defendec). 
These startups correspond to the most mature development stages proving their 
businesses’ efficiency [23]. The biggest investment (€95.6m) is counted in 
TransferWise (Table 15.3) which could only conditionally be considered an Estonian 

Table 15.2 Summary of startup statistics in the Baltic states 2006–2015

Indicator Estonia Latvia Lithuania

Population, million, 2014 1.31 1.99 2.93
GDP per capita, PPS, USD, 2013 18,722 15,946 18,776
Number of startups 406 220 206
Capital invested into startups, MEUR 262.4 97.7 101.6
Number of new jobs created 2154 450 450

Source: The author based on Funding of Estonian startups [11], Labsoftlatvia: Baltic Startup Scene 
in Numbers [21], and The GEDI (The Global Entrepreneurship and Development Institute): Profile 
of Estonian National System of Entrepreneurship [22]
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Fig. 15.5 Investments into Estonian startups 2016 QII, MEUR (Source: The author based on [11])
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startup because of the founders’ Estonian origin and the development unit with 400 
people in Estonia. The value of TransferWise, the innovator of banking, was 
announced over 1 billion USD in 2015 [24], which is the highest valuation for an 
Estonian startup.

Massi Miliano (Fits.me) belongs to one of the success stories of an Estonian 
startup, although the value of the deal is not known [20]. It is a good example of the 
university R&D contribution, based on robotics science, and reaching the global 
exit. The company’s Estonian subsidiary reported global clients/brands (Superdry, 
Hugo Boss, Mexx, Ecko) and profit since 2013. After the acquisition by Rakuten, a 
Japanese Internet business corporation, the technology development department of 
Fits.me remained in Estonia [25].

GrabCAD is the most successful story for Estonians, after Skype. If the business 
(model) of Skype belonged mostly to foreigners, and Estonians’ role was technol-
ogy, then GrabCAD differs by the fact that the idea and business model both origi-
nate from Estonia. As an open innovation platform, it could be considered the 
biggest revolution in mechanical engineering, after CAD technology. GrabCAD 
integrates over three million engineers, i.e., more than half of CAD users, and pro-
duction industry globally. The platform is shortening the product development pro-
cess and production cycle, radically. The platform development unit has remained 
in Estonia.

Click & Grow is a startup innovating plant cultivation process starting from an 
intelligent flowerpot and moving toward smart farm concept for growing plants for 
food. In that way, the company is integrating different technologies – agriculture 
and hardware (electronic chips and plastic pots) with software. Compared to tradi-
tional agriculture technology, it saves approximately 95% of water usage and needs 
much less space. Click & Grow has used multiple sources for funding product 
development, including crowdfunding environment Kickstarter (campaign in 2013). 
The headquarters (HQ) are still based in Tartu, Estonia.

Defendec, which designs and produces electronic surveillance (security) sys-
tems, is another startup integrating software with hardware. Also, its technology is 
based on high-level university research and patents. The company has its business 
branch offices in Asia and America. Defendec declared a profit in 2014.

15.4.3  From the Export of Global Startups to the Export 
of Smart Products

Estonian success stories of globalized technology startups have generated the trust 
of international investors to Estonia as can be seen from the growth of capital inflow 
(see Fig. 15.5). But the cases also show common patterns describing the entrepre-
neurial process of Estonian startups.

All these companies started in Estonia and developed their business model in 
their home country and moved to global market, somehow. But, in the further 
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 development of business, in most success cases, the headquarters are moved out of 
the homeland, and Estonians abandon the ownership and control of the business; 
new owners are usually big international corporations. In the best cases, part of 
software/technology development remains in Estonia, creating jobs for program-
mers and ICT system developers. That means, Estonians are exporting global ideas, 
which are moving out with the headquarters of startups and only partly support the 
national welfare, via software sector. Partly, the reason for that comes from the 
interest of venture capitalists to rapidly earn their investments back. Another side of 
the problem is a lack of domestic venture/angel capital, which is covering only 
16–17% of the need.

There are some identifying signs that this trend could be changed with smart 
products, but the cases of Click & Grow and Defendec are at the beginning of that 
process, and there is no confidence that the situation will continue in the future with 
these businesses. What is important is that these signs exist already. Behind of all 
these successful startup ideas is ICT competence, which integrated with other tech-
nologies, creating new value.

15.5  Discussion and Conclusions

15.5.1  Perspectives for the Ordinary People

Looking for an answer to the question about the contribution of ICT startups into 
the Estonian economy and welfare of the “ordinary people” specifically, one can 
meet the multifaceted character of the problem (by “ordinary people” we mean the 
people not employed as programmers). First, direct contribution in creating new 
jobs and value added for the Estonian economy is already remarkable. The number 
of new jobs, 2,154 mainly in ICT startups, as mentioned above, generates approxi-
mately a fourth of employment in the software industry. Considering 1.5 times 
higher wages and the increased productivity of added value per employee contribu-
tion of software, (sub-)sector supports society via taxes and consumption of local 
goods and services. Second, the indirect impact for Estonia has not been studied, as 
it was done for the USA and Sweden by Moretti and Thulin [7]. This multiplier 
effect is dependent partly on the direct impact. The indirect impact of creating new 
(or maintaining existing) jobs for so-called ordinary people is not measured yet. 
But, considering that median monthly salary in 2014 was a little over 600€ (based 
on data from Tax and Customs Board), the average salary contribution of software 
sector (including ICT startups) to the local consumer market exceeds that number 
more than 2.5 times. That is the factor feeding jobs of “ordinary people” in services’ 
and the consumer market. Another factor is a startup as a customer for local indus-
try. Among the case companies, Defendec and Click & Grow are ordering part of 
the components for their products from Estonian subcontractors. Finally, although 
headquarters of successful startups move out of Estonia (sometimes after exit, 
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sometimes  – in the business development process), their development branches 
remain at homeland contributing to Estonian welfare as described above. Is moving 
out of Estonian startups the best solution for the “ordinary people?” It is the ques-
tion for government and politicians as well as for researchers and needs their com-
mitment on the topic.

15.5.2  Policy Conclusions

The experience of Estonia has shown that the role of ICT and e-governance is remark-
able for creating a competitive advantage of a (small) state. Growing trust among 
international investors, as well as experts’ assessment of entrepreneurial ecosystem 
and success stories of high technology startups, supports that opinion. But this experi-
ence also shows that reaching such results takes 10–15 years from policy measures 
like the “Tiger Leap” program and wider appearance of its outcomes in socioeco-
nomic development. This is a key for the further trajectory of smart specialization. 
That means the route for that has been started already. This must be recognized by 
politicians. That is important because, frequently, decisions are motivated with the 
argument of budget savings. They do not even discuss whether their decision is about 
a single expenditure or an investment into the future. In such a way, by closing higher 
education IT programs in a rural center, politicians deepen inequality between the 
periphery and the capital city [12]. That inequality is growing in Estonia [26].

Estonia has its startup policy and infrastructure as well as a public foundation for 
seed capital, which is supporting private initiatives. Now, it appears not to be 
enough. The question is about the expectations concerning the contribution of start-
ups into the Estonian economy and how ICT could support that in the best way.
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