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Abstract

One of the most distinctive characteristics of the weightless economy is the increasingly important
role of the Information and Communication Technology (ICT) sectors, which, according to the OECD
(2009), consist of ICT products and media and content products. The ICT sectors have been identified
as contributing significantly to the economy through production, measured by the value of the ICT
outputs produced and the spillover effects to the other sectors, and the diffusion due to the higher
penetration rate of ICT products and services and the impact of the end-users. This dissertation aims
to investigate the problems underlying the production and diffusion sides of the ICT sectors based on
specific characteristics in the European, Asian and African regions.

On the production side, the dissertation found that the low contribution by the ICT sectors to the
output of the European economy during the later period of observation (2000-2005 compared with
1995-2000) is due to the sectors’ high dependence on export effects and technological change
effects, which have both declined. In Asia, a case study in Indonesia showed that the lower impact of
the ICT sectors on the economy can be addressed from the dominant size of the domestic final
demand affecting the change in output. Thus, the country is unable to upgrade the ICT sectors, as the
general purpose technology (GPT) is supposed to allow greater linkage to be generated to the other
sectors.

On the diffusion side, the dissertation found no evidence that any of the ICT devices have a long-term
relationship with the socio-economic variables in Asia, particularly primary education and health. As
in Asia, access to ICT devices (cellular and the Internet) has had very little impact on closing the
income gap or on other quality of life (QOL) indicators, namely participation and productivity, in the
African region.

On responding to these problems, the study found that a continual price decrease in the ICT sectors
will lead to higher GDP growth as well as an increase in the inter-relatedness between ICT and the
rest of the economy, solving the problem of disconnection in the European region. Moreover, the
upgrading of broadband deployment that corresponds to increasing the speed level is also believed
to enable greater opportunity for the European region to move forward in terms of economic
progress. In Asia and Africa, there is an urgent agenda to build a stronger linkage between the rapidly
growing ICT sectors and the socio-economic variables in the future as many studies have found that
there is no linkage between production and diffusion in the region. Infrastructure provision is the
most important issue in this regard.

Keywords: weightless economy, production, diffusion, economic growth, ICT sectors, broadband,
cellular, Europe, Asia, Africa, input-output, probit, panel data, panel cointegration, Gini coefficient
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Chapter 1 Introduction

1.1. The weightless economy

A single imported greetings card with a microchip that plays Happy Birthday when the card is opened
contains more computer power than existed on the planet 50 years ago. It weighs a gram or so...
(Coyle, 1997)

With the recent development of the economy, which is mainly supported by the increasing role of
technology, the more conventional measurement of economic value (with weight and mass) is
dematerialized (Quah, 1999). This means that, in the world of the Internet, technology seems
weightless and physical distance no longer plays an important role in the transfer of technology
(Keller & Yeaple, 2010). Coyle (1997) describes how the terminology of the “weightless economy”
was first conceptualized taking the example of trade activities in the United Kingdom. In 1885, the
country imported nearly 16 million hundredweights of wheatmeal and flour and 1.1 billion pounds of
raw cotton whereas the main exports in the same year were 3.1 million tons of iron and steel and 4.4
billion yards of cotton fabrics. Using the literal concept of ‘balance of trade’, the volume of exported
goods is scaled to that of imported goods to find the surplus or deficit of the trade activities. When
the concept was used a century later, in 1985, the measurement became less relevant to evaluating
trade activities because the value of computers imported into the United Kingdom was so high while
the size was small and the weight low.

Coyle (1997) accentuated the shifting of products that were typically big and heavy in the 19"
century (machinery, steel girders and furniture) to the miniaturization of products in the 20" century,
driven by the production and consumption sides. New materials with the same value are embedded
in less weight. For instance, automobiles are produced with more aluminium and plastic than steel
but, at the same time, the products become much more automatic with electronic windows, power
steering, Global Positioning Systems (GPS) and other supporting devices. In this regard, Wilenius
(2005) mentioned that “weightless” also relates to the interests of producers and consumers alike
that products become smaller and are aimed at increased usability.

Quah (1999) identifies some characteristics of the weightless economy: the increasingly dominant
role of Information and Communication Technology (ICT), intellectual property, electronic media
(video entertainment and broadcasting) and biotechnology (carbon base library and database). As
Quah (1999) mentioned, these sectors are similar to knowledge products whose physical properties
resemble those of knowledge. They are denoted for having infinite expansibility, meaning that the
products are not used up physically. For instance, computer software does not lose its usefulness as
more users run it: in fact, the opposite holds. This characteristic is also supported by the fact that the
initial cost to develop the products is high but the cost to reproduce and distribute them is very low,
hence, the marginal cost is very low or nil (Williams, 2008; Li & Shu, 2011).

Knowledge accumulation also becomes important since knowledge is conceived as a primary wealth-
creating asset (Castells, 1996; Fine, 1998; Evans & Wurster, 2000). In other words, skills and
innovation are seen as important elements, and high value-added activities are linked to the



production of “ideas” rather than “things” (Conceicao, Heitor, Sirilli & Wilson, 2004). Drucker (1966,
p. 3) also mentions that the knowledge economy is distinguished by the characteristics of the labour.
Thus, unlike the manual worker who uses his/her hands to produce goods or services, the knowledge
worker uses his/her head to produce ideas, knowledge and information. Tollington_(2001), and
Armistead and Meakins (2002) then added that in a weightless economy, the society embodies the
rise of service-based economies in which success comes not from having built the largest factory but
from knowing how to locate critical pieces of information and framing the ideas that others will
demand. At macro level, it is denoted by a growing and greater ratio of the weightless sector
(services) to the world’s Gross Domestic Product (GDP) and from this aspect, the higher penetration
of ICT supports the growth of a service economy (Antonelli, 2003).

Quah (1999) also added that the weightless economy is driven by knowledge products that
disrespect geographical distance. On this issue, Addison and Rahman (2005), and Gholami, Lee and
Heshmati (2006) stated that ICT (particularly the Internet, personal computers and wireless
telephony) allows countries to free themselves from the domination of geographical position. With
pervasive use of ICT, the products can be offered to the global market more efficiently because of
cost-efficiency in regional trade integration (Epifani & Gancia, 2007). In other words, the ubiquity of
ICT contributes greatly to global trade expansion and to linking nations to transnational exchanges
(Dicken, 1998; Cohen, DelLong & Zysman, 2000).

To describe the size of the weightless economy in terms of intellectual property, the study by
Granstrand (1999) exemplifies the importance of intellectual capital.

Table 1.1 Selected companies: market indicator and intellectual capital in 1997 (B USD)

Market Intellectual IC

No Company value Profit margin capital per employee

1 General Electric 222,748 12.3 188,320 0.9

2 Royal Dutch/Shell 191,002 8.9 114,363 1.1

3 Microsoft Corp 159,660 46.8 148,883 6.7

4 Exxon Corp 157,970 9.3 114,310 1.4

5 Coca Cola 151,288 32.1 143,977 4.8

6 Intel Corp 150,838 42.5 131,543 2.1

7 | Nippon T&T 146,139 5.9 103,071 0.4

8 Merck 120,757 27.3 108,143 2

9 Toyota Motor 116,585 5.8 70,804 0.7

10 | Novartis 104,468 26.5 82,036 0.9

Source: Granstrand (1999, p. 11)

Intellectual capital — measured by the ratio of market value to tangible assets — is an essential asset
in selected large companies in the world as shown in Table 1.1. The proportion of intellectual capital
of the market value of the company varies between 60% and 90%. When the World Bank online data
set (World Bank, 2010) shows that the total GDP for 48 Sub-Saharan African countries in 1995-1996
was approximately USD 325 billion (1995) and USD 338 billion (1996), it is very easy to conclude by
comparing these figures that the GDP of Sub-Saharan Africa is only 72% of the aggregate “weightless



economy” consisting of the intellectual capital in General Electric, Microsoft and Shell, let alone the
value of other assets.

In summary, there are many important elements to investigate in the weightless economy, but this
dissertation delimits the analysis by looking at the issue in relation to the growing role of ICT sectors
in daily life through the channel of producers (production) and consumers (diffusion), with the
analysis investigated at micro, meso and macro level'. Throughout the study, the terminology of the
“weightless economy” is therefore interchangeable with that of the ICT economy, as ICT is one of if
not the most important element of the era (Quah, 1999). A report by the Organization of Economic
Cooperation and Development (OECD) also shows the increasingly important role of the ICT sectors
(2009, p. 13). ICT has been used in every aspect of life, especially when businesses transform their
supply and demand chains, and their internal organization to fully exploit ICT. ICT has therefore
processed creative destruction through the birth of new firms and implied greater productivity and
economic growth in other sectors of the so-called General Purpose Technologies (GPT).

As Cohen et al. (2000), Jeskansen-Sundstrom (2001) and Pohjola (2002) mentioned, in relation to the
terminology, the definition of the weightless economy can be given different labels, each with its
own merits. The phenomenon illustrates the ongoing transformation of the economy, which is also
called the ‘post-industrial society’, ‘information society’, ‘innovation economy’, ‘knowledge
economy’, ‘network economy’, ‘digital economy’ and ‘e-conomy’.

1.2. Framework of analysis

1.2.1 ICT production and diffusion

To investigate the impact of the ICT sectors on the economy, the demand-supply analysis can be
adopted as the framework of the study, as shown in the report by the OECD (2005) and UNCTAD
(2007). The demand for ICT is mainly concerned with the use of ICT products by enterprises,
households and public sectors, with the data covering ICT equipment, technology capacity and
barriers to use. The supply side, on the other hand, represents the data related to ICT sectors’
manufacturing and trade, especially concerning the value of investment, employment and research
and development (R&D) activities. To operationalize this framework, continual surveys at household
and firm level are conducted, especially from the demand side, with the data on the supply side
being generally more readily available.

Nevertheless, there are many challenges to conducting these surveys. The OECD (2007), for instance,
described these difficulties when different industries, as part of their ICT, should have different
surveys, and it is hard to compare their results. This problem relates, especially, to methodical
differences between the surveys (e.g. the turnover of the wholesale trade of telephones has a
different quality to the turnover of a telephone manufacturer). At a higher level of the

! Dopfer, Foster and Potts (2004) explain that the terminology of ‘meso analysis’ is related to the conceptions
of market structures and industry clusters (i.e. bigger than micro but smaller than macro). The term ‘meso’ is
also described as a way of conceptualizing the dynamic building blocks of an economic system. The analyses of
industrial districts, clusters, regions, inter-firm industrial organizations, national innovations systems and
networks all fall under the heading of meso economics from the evolutionary perspective. Forge, Blackman and
Bohlin (2007) also describe meso-economics as economic arrangements that are not based on the
microeconomics of buying and selling nor based on aggregate demand from a macroeconomic perspective. The
activities can occur irrespective of level (individual, sectoral or national).
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macroeconomic survey, the OECD (2007) also mentions some challenges, as the figures of national
accounts are hard to calculate even on a three-digit level of industries. If the developed countries still
face these obstacles, then surveys will be even harder to conduct in the developing countries where
the surveys themselves generally lack reliability (FAO, 1995; Grosh & Glewwe, 1996; Vodafone, 2005;
Nayar & Razum, 2006). Instead of using the demand and supply perspective, this dissertation
therefore uses the framework of production and diffusion when analysing the impact of ICT sectors.
This approach is still very rare, especially when it is also used to compare the phenomenon in many
countries®. The majority of studies are carried out to investigate the production or consumption side
separately’.

Marcelle (2000) has drawn a general relationship between production and diffusion of ICT sectors
that shows that the diffusion of ICTs is more favourable in countries that host the global ICT
production networks. This means that countries are able to create wealth and produce value from
service-sector activities or ICT-intensive manufacturing. Moreover, the effects on diffusion are also
positive for countries that have the cultural orientation, skills and attitudes needed to enable the use
of ICT goods and services as well as the time and income to access the devices for work and leisure.

With regard to the relationship between production and diffusion, Wong (2002) investigated the
phenomenon of ICT production and diffusion in Asia and concluded a disconnection between
production and diffusion. It has therefore been found that while the production of ICT is generally
high and evolving, the region still faces a huge digital gap. Lin and Chiasson (2008) investigated the
role of government policy in production and diffusion of mobile TV especially driven by its ability to
allocate spectrum frequency and determine the type of technology. Murphy (2006) examined, from a
different perspective, how the range of agents of ICT production and diffusion in the Gulf Arab region
has sought to influence the actual impact on political space in the region.

To better describe the terminology, Jalava and Pohjola (2007) mentioned that activities in ICT
production support aggregate output and thus have a significant effect on the economy by fulfilling
the global market demand for exportable ICT goods and services (also echoed in the study by Wong,
2002, and Heng & Thangavelu, 2006). De Vil, Kegels and van Overbeke (2002) also defined ICT
production as manufacturing industries associated with the production and distribution of ICT,
following the classification of ICT products and services by the OECD, whereas in terms of the
product, Lim and Wi (2001) explain that the activities mainly consist of manufacturing hardware and
software.

On the other hand, the diffusion of ICT products and services defined as a process in which
technology is communicated through particular channels among the members of a social system. The
concept cannot be separated from the early theory of “diffusion of innovation” (Stoneman, 2002;
Rogers, 2003). In this framework, the use of new technologies over time typically follows an S-curve
for which the common tool of analysis is the epidemic model. The approach builds on the premise

2 Using Scopus and Science Direct databases, it has been found that less than ten papers or studies employ
production and diffusion in a comprehensive methodology. Many papers investigate the topic concerning the
impact of ICT sectors solely from production or diffusion.

* The author has the impression that ICT production and diffusion are more loosely defined than the ICT
demand and supply framework. Given the data availability, it is also more feasible to conduct the analysis
based on production and diffusion framework.



that the speed of usage is limited by the lack of available information about the new technology, how
to use it and what it does (Geroski, 1999). To operationalize the analysis, various models are
adopted, for instance, the Autoregressive Moving Average (ARIMA) (Lee & Cho, 2007; Wu & Chu,
2010), the Logistic model (for instance, in Singh, 2008; Gamboa & Otero, 2009), the Gompetz model
(Singh, 2008; Wu & Chu, 2010) and the Bass model (Michalakelis, Varoutas & Sphicopoulos, 2008).

Unlike the above analysis, this dissertation approaches the phenomenon of diffusion from an access
and use analysis (Bowden & Offer, 1994; Geroski, 1999; Wareham & Levy, 2002; Hollifield &
Donnermeyer, 2003). The underlying assumption of this approach is that the diffusion of innovations
has happened at individual level and, hence, technology adoption is also related to a number of
socio-economic characteristics such as education, income and age (Cancian, 1981). The analysis puts
the characteristics of individual adopters as the main determinants and, hence, the diffusion process
is not instantaneous since adopters are heterogeneous (Camerani, Corrocher & Fontana, 2010). The
use of the probit model as the tool to explain the diffusion can also be found in previous studies, for
instance, in David (1966, 1969), Davies (1979), Forman and Goldfarb (2005), Grazzi and Vergara
(2008) and Arduini, Nascia and Zanfei (2010). Figure 1.1 describes the general framework of ICT
production and diffusion used in this dissertation.

International market

A

Domestic

market

ICT production -2

Figure 1.1 ICT production and diffusion

Figure 1.1 shows ICT production and diffusion and the relationship between them. As has been
discussed, ICT production consists of manufacturing of ICT products and services (hardware and
software) and the definition may follow some classification (e.g. OECD), which aims, in particular, to
fill global trade. ICT diffusion explains the phenomenon of access and use of ICT in an individual level
analysis. It is generally conceived that the diffusion of ICT products is affected by production, even
though an empirical analysis does not always support this link. A more comprehensive and expanded
framework on ICT production and diffusion is illustrated in Chapter 2 and 3.
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1.2.2. ICT production and diffusion across regions

The following section discusses the underlying characteristics of ICT production and diffusion in the
European, Asian and African regions. The analysis of ICT production explains how the sector currently
evolves and which countries are playing a major role in the global market. In terms of diffusion, the
international inequality and global digital divide in ICT has been identified as an extreme case of
digital exclusion (UNCTAD, 2005). This phenomenon is mainly supported by two aspects:
geographical groupings that show high dispersions among regions, and income level (Alonso, Alvarez
& Magania, 2005). The analysis to identify the problems underlying this phenomenon in each region is
therefore important, as the regions are very different in terms of ICT and economic development.

In terms of production of ICT sectors, Venturini (2009) concluded that the growth impact of ICT has
been particularly sizeable in the European countries, although the region seems to have lost
momentum as the countries are unable to exploit the sector to increase labour productivity, which
Temple (2002) addresses as the result of the lag in competitiveness due to the delayed start of ICT
investment. Barrios and Burgelman (2008) addressed that the problem is due to a small amount of
ICT capital in the European region. While some European Union (EU) countries, notably the
Scandinavian countries, seem to be able to speed up the investment, these countries are generally
relatively small so their overall influence on the EU region in general is almost undetectable.
Comparing the phenomenon with that in the United States, Van Ark, O’Mahony and Timmer also
identify the problem of ICT sectors in Europe driven by lower multifactor productivity. This means
that the contribution of ICT to supporting the efficiency level in the production process is lower than
that of the same sectors in the United States.

While there is no particular problem in relation to the basic ICT penetration rate (telephony and
cellular), the European region still has a huge problem in relation to broadband adoption (Kyriakidou,
Michalakelis & Sphicopoulos, 2011) with the differences in terms of economic prosperity and level of
infrastructure development being among the obstacles to achieving equal diffusion between
countries (Bauer, Berne & Maitland, 2002; Jakopin, 2009). Based on the analysis, which consists of
164 regions covering the EU-27, Vicente and Lopez (2006) found that the United Kingdom and
Greece presented the biggest gaps within countries even though the first country is among the top
ten, achieving the highest ICT progress in the region.

In Asia, the production of ICT sectors has been identified as clustered only in the leading East Asian
countries (South Korea, Taiwan, Hong Kong and China), with Singapore and India recently becoming
closer partners (Tseng, 2009). There is high intensity of knowledge transfer but it is limited to these
countries, with each country trying to specialize in a particular ICT sector. However, while the
emerging Asian economies have benefitted from ICT investment, some countries have not yet been
able to do so (Wong, 2002; Ramlan & Ahmed, 2009). The problems become more serious when there
is an indication that the ICT production has little or no positive spillover effects on ICT diffusion
(Wong, 2002). Wong (2002) indicated that the diffusion rate of ICT devices in Asia should be greater
when looking at the potential economy in the region. In fact, except for the cellular devices, the rate
of diffusion is generally low. Wong (2002) concluded that the digital divide between Asian countries
is even wider than that of the GDP per capita, indicating a potentially more severe digital divide in
the future.



The slow emergence of socio-economic progress is another big challenge. For instance, Chatterjee,
Prakash and Tabor (2004) found that when using the poverty line of 1 USD/day there were still 700
million poor people on the Asian continent in 2000, a fall from the previous figure of 800 million. Friel
and Baker (2009) discovered that the life expectancy rate for all the Asia Pacific countries increased
significantly during 1990-2008 but that the distribution between the countries is not uniform. Japan,
Taiwan and Korea have an average life expectancy of 82 years while Lao, Myanmar and even
Cambodia have a rate of only about 60 years. The study also found that by grouping the population
based on quintiles, the richest quartile in India is vulnerable to the risk of the under-five mortality
rate of about 40%, which is equal to that of the rich in the poorest quartile in Vietham. Based on this
evidence, it would be an important question whether the development of ICT sectors has
contributed to the socio-economic variables in Asia.

In Africa, Joseph and Gillies (2009) stated that if the basis of the explanation of globalization is the
relationship to the international economy, then the central paradox in the African context tells the
story that by the early 1990s, Africa’s relationship with the international economy was mainly due to
or mediated by public aid flows. It began even before some African countries gained their
independence with some philanthropic programmes initiated by donors, creating stagnation,
distortion or even contraction of economic growth in the African region. As a result, Joseph and
Gillies (2009) show that one sixth of the bottom billion do not benefit from the current expansion of
the economy with half of that bottom billion identified as Sub-Saharan African countries.

In view of ICT production, Soderbaum and Taylor (2008) stated that most African countries exploit
their human capital too little for the development of science and technology. It becomes
contradictory because the region should attempt to leverage the level of human capital considering
that most African countries are dealing with technology transfers and acquisition of imported
technological products from other countries (Senghor, 2000). A case study in Tanzania, for instance,
shows that public companies in capital-intensive industries that predominantly use imported
technological products from the rest of the world contribute little to the growth, employment and
regional quality that typify the public enterprises in Africa (James, 1995). There is therefore still slow
emergence of economic progress benefitting the development of ICT sectors (ITU, 2009; Aker &
Mbiti, 2010).

On the diffusion side, the African region has an even greater variety of challenges due to differences
in terms of the physical, political and economic landscape (Joseph & Gillies, 2009). Under-capacity in
telecommunication has been a problem of African countries, for instance, as shown in Nigeria, a
country in which only six cities (of the fourteen most populous) have international direct dial. In
Egypt, where a quarter of households have a phone connection, the waiting list for access was still at
1.2 million over the last decade. External factors (civil war) also greatly contribute to the slower rate
of telecommunication infrastructure. For instance, as a result of the civil war in Congo, teledensity
has declined to only 0.04%, which was the lowest for the African countries by the end of 2000. The
political situation is also crucial as shown in South Africa. By the mid-1990s, the country had the
highest teledensity of the African countries reaching 10% of the penetration rate. At that time, the
penetration rate was unequally distributed with 64% in white areas and less than 1% in rural black
areas (Carmody, 2010).



The central question for the African region is thus also similar to that in Asia and it will be directed to
answer whether the current development of ICT sectors (mainly the diffusion of cellular devices and
Internet) has been able to improve the quality of life (QOL) where ICT production is still out of reach
to contribute to the economy.

1.3. Purposes and research questions
The dissertation aims to achieve the following main purpose:

To identify the problems faced by the European, Asian and African regions concerning the production
and diffusion of the ICT sectors.

Taking the purposes as the point of departure, the main research questions built into this study is:

What is/are the specific problem(s) concerning production and diffusion of ICT sectors faced in the
European, Asian and African regions? In what ways can one or more strategies address these
problems?

The question is first concerned with the identification of problems in ICT sector production. In the
case of Europe, the question is investigated by calculating the contribution by ICT sectors to the
economy in terms of output, using multiplier analysis to show how the change in the ICT sectors’ final
demand contributes to the enlargement of the economy. To give a better perspective on this
measurement, a comparison between ICT and non-ICT sectors is also employed to distinguish the
relative position of the ICT sectors. The decomposition analysis is also employed to see whether the
change in output has been affected by the domestic final demand effect, export effect, import
substitution effect and technological change effect. This research question aims to point out the
most important decomposition factor as well as discover which decomposition factors have to be
considered further. Equally important, it addresses the problem on diffusion in relation to the
broadband gap and demand-side analysis taking Sweden as a case study. This problem becomes
important since broadband is seen as the means for enabling the transformation of the region
towards a knowledge society, yet, the region still has severe disparities concerning the broadband
penetration rate.

In the regions of Asia and Africa, the central issue is linking ICT diffusion to the socio-economic
variables. To operationalize this investigation, a set of unbalanced panel data in Asia will be
investigated through a panel cointegration model to see whether the development of ICT sectors
(mainly telephony, the Internet and television) has contributed to improving the socio-economic
variables (education and health). A similar aim is applied in Africa but with a different methodology.
A set of household data comprising 20,000 observations in 2008 is investigated to see whether
access to a cellular device can improve quality of life (in terms of income, productivity and decision
making). On the production side, the problem of a low impact of ICT investment in some Asian
countries is also addressed taking Indonesia as a case study. This case is presented to answer the
qguestion of why some countries in Asia are not yet able to obtain greater impact from ICT
investment.

The investigation regarding ICT production in the European region and (a case study in) Asia is
conducted employing the input-output (I0) methodology. The same aims and methodology can be



seen in Timmer and Ark (2005), Jalava and Pohjola (2007), De Backer and Yamano (2007), and Wan,
Xuan and Lv (2011). The analysis on the diffusion is mainly approached from an individual level. Thus,
the analysis focuses on the characteristics of individual adopters as determinants of adoption and
assumes that the diffusion is not instantaneous as adopters are heterogeneous (Camerani et al.,
2010). The study uses the probit model as the tool to explain the diffusion, as was also done in older
studies (David, 1966, 1969; Davies, 1979) and more recent ones (Forman & Goldfarb, 2006; Grazzi &
Vergara, 2008; Arduini et al., 2010). The framework of the analysis can also be found in Bowden and
Offer (1994), Geroski (2000) and Wareham and Levy (2002).

The detailed derivation of the sub-research questions assigned to each region is explained in Chapter
3.

1.4. Scope and limitations

By retrieving current studies in the literature, it was found that there is no strong consensus on how
the terminology of ICT is defined. When referring to this concept, some studies approach the analysis
based on “sector” investigation, whereas others refer to “product” or “device”. The other studies do
not exemplify the terminology but rather provide the boundary of definition. For instance, “ICT
sectors” can be identified in terms of technicality; the sectors should then be termed high-
technicality activities (Deakins & Hussain, 1993). “ICT products” exhibit fixed entry costs and low
marginal costs (Varian, 2001), with recovery of the fixed entry costs being very difficult (Koski &
Majumdar, 2002) as a result of the high level of R&D activities and the degree of uncertainty (Aoun &
Hwang, 2008). Some studies define ICT in relation to the level of innovation, for instance, based on
studies of Helpman (1998) and Freeman and Louca (2001), Antonelli (2003) mentioned that ICT is a
general purpose technological system with all the characteristics of a radical innovation. ICT is also a
superior technology worldwide in a great array of product and factor markets.

De Vil et al. (2002) characterized the ICT market as heterogeneous, thus, to sustain competitiveness,
producers attempt to create attractive conditions in which strong R&D capacities, qualified labour
forces and easy access to venture capital are available. Hence, with regard to the labour market in
the ICT industry, Grabowski (1968) shows that firing and rehiring is very costly because the firms are
highly technical, thus, even educated workers require firm-specific knowledge and training. The
experience of the firm’s knowledge base may be lost or even transferred to competitors if the
(skilled) labour is fired. These characteristics justify the later finding that ICT production is generally
clustered in specific countries.

Indexes are also being used when investigating ICT. Alvarez and Magana (2008) summarized how the
indexes evolved. For instance, the World Economic Forum’s (WEF) technological indexes measure
Internet access, telephone mainlines and personal computers (PCs) as well as some other categories
that represent innovative capacities and technology transfers (WEF, 2002, 2004). The WEF has also
introduced the Global Competitiveness Index (GCl) to define a comprehensive set of technological
and innovation factors that