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ABSTRACT
The performance of the telephone/telecommunications industry has interested
scholars, as well as policy-makers, for decades. Since the privatization of British Telecom
and the divesture of AT&T until the late 1990s, the focus had been on the impact of
telecommunications reforms, i.e., privatization, introduction of competition, liberalization
and establishment of independent regulatory agencies, on the industry’s performance in terms
of network coverage, affordability and accessibility of primarily voice-based
telecommunications services, and the efficiency of networks. However, since the mid-1990s,
the attention has been gradually but steadily drawn elsewhere. In the wake of the recognition
of the digital divide and the revival of the concept of the Information Society, more efforts
have been put into research on the newly emerging “information industry”, which combines
the traditional telecommunications industry and various new information services. Research
on measuring the Information Society has advanced slowly, on account of the insufficient
amount of available data. Nonetheless, time has remedied this. In the past decade, a huge
amount of data have been collected, and in order to exploit this data, index systems which are
aimed to measure the Information Society have been devised by many national and
international institutions, most of whose headquarters are based in Europe. These indices, to
some extent, have taken advantage of the data, and have been able to produce preliminary
results that countries can use to locate their relative standing in the world. However, they are
hardly useful or helpful in setting measurable and reachable targets and pointing out a clear
direction which future development of the industry should follow. A close examination of the
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current indices further reveals that leaving what is to be measured undefined and lacking a
theoretical foundation and methodological rigidness has undermined the capability and value
of these indices.
This thesis proposes a solution to these problems. First, it evaluates the existing
indices that measure the Information Society, their underlying theories and methods, and
identifies their strengths and weaknesses. The thesis further compares performance measures
across the network industries that share similarities with the information industry, such as the
electricity and utilities industries and the public transportation industry, in the hope that these
comparisons may shed light on measurement of the Information Society. Second, it proposes
a concept of information well-being, elaborates on its theoretical foundation, operationalizes
the concept and derives an operational framework to translate the concept into a numeric
form. In this process, the thesis addresses the following shortcomings of the existing indices:
a) The concept is theoretically grounded; b) it has a clear definition as to what it is to measure,
its scope and applicability; c) it has a rigid methodological framework and guidelines; and d)
it defines a goal towards which the development of the Information Society should be driven,
and provides tools to measure the progress towards the goal. In the end, a recommendation is
put forward to policy-makers, on how to use this thesis as an example of fact-based,
data-driven policy-making for the future.
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1. Introduction
Measurement of information is at least two-fold: micro and macro. At the micro
level, it concerns information scientists and engineers, who devote considerable attention to
the processing and storage of information. To them, measurement is confined to the physical
and practical apparatus of information, which becomes signals. They handle information that
“initially comes from some form of sensor or transducer” (Lesurf, 2002, p. 1), in bits, bytes,
kilobytes, megabytes, gigabytes, and so forth. On the other hand, this measurement in return
“creates information” (Lesurf, 2002, p. 1), or materializes information, in that the sensor is
reacting to the arrival of some input pattern of energy or power. In this scenario, information
is transmitted in the form of signals, which are most commonly electric currents or
electromagnetic waves. The measurement further forms the fundamental physical structure of
information science and technology, whose view of information does not escape from being
seen as an engineering science. Indeed, electrical engineering is the primary application of
this philosophy. How information is generated, transmitted, processed, and stored are the
foremost questions raised and answered by generations of mechanists, technologists and
engineers.
Sociologists, on the other hand, have laid another meaning on the measurement of
information. In their eyes, measurement has more to do with the distribution and utilization of
bits and bytes, for it is also a socioeconomic concept, extended beyond the metaphysical view.
As a matter of fact, we have already assembled such a gigantic and ever-increasing pool of
information that a person can only be expected to exploit a small part in a lifetime. In
addition, ICTs have distributed information across the globe, to the remotest areas and
1

peoples. Sociologists care more about how equally and efficiently individuals are able to
retrieve the information they need, and to what extent the information changes their lives. It
is reasoned that people are active agents who are able to seek and distill information for their
own good (Kuhlthau, 1991), and sociologists have made an effort to promote equitable access
to and use of information.
At first sight, such efforts may seem unnecessary, because information possesses
characteristics which are supposed to not even raise these concerns. First, information is
non-rivalrous and non-excludable, especially in the digital era. Non-rivalrous means one
person’s consumption of information does not reduce the amount others can enjoy. For
example, that a person learns a story does not prevent other people from learning it, as the
quote goes, “he who receives ideas from me, receives instruction himself without lessening
mine; as he who lights his taper at mine receives light without darkening me” (Jefferson, n.d.
(no date)). Whereas non-excludable indicates that once information has been created, it’s
expensive and ineffective, if not impossible, to keep other people from accessing it. This
tallies with the perspective of information economics, which considers information as a
“public good” (Stiglitz, 1999). Furthermore, unlike natural resources, information does not
share the concept of scarcity. It just cannot be used up. These characteristics, coupled with the
abundance of information, should guarantee information’s availability to every individual.
However, this utopian prediction could not be further away from reality.
The gap between reality and ideal results from the following factors (Jago, 1980;
Stiglitz, 1999; Arvidsson, 2003). First, in order for people to exchange, trade and consume
information, and to put a price on it, it is necessary to package intangible information into
2

normal tangible goods. This can be done by packaging information in a physical carrier, such
as books, CDs, and even downloads. Classical economics then can be applied to such
information goods. Therefore, we are not surprised to find that the traditional economic
concepts such as demand and supply have long been applied to information in the literature
(Jago, 1980; Arvidsson, 2003). When this kind of transformation is finished, the
non-rivalrousness and non-excludability of information is reduced, or almost completely
disappears. The resulting products that contain information are no longer public goods. On
the other hand, to protect information creators from losing their works and to keep them
motivated and creative, intellectual property rights entitle their holders to enjoy the fruits of
their innovative activities for a limited period of time (Stiglitz, 1999). Nonetheless, these
rights inevitably prohibit certain information from flowing freely and without control. As a
result, the enforcement of intellectual property laws has also played a role in reducing the
non-excludability of information, and in creating a man-made scarcity with which
information is not born by nature.
It is rarely wrong to say that information does not exist in a vacuum, but it is
intertwined with other socioeconomic resources, which have their own concerns of inequity
and thus predictably complicate the issue of information inequality. First, as has been
discussed, in most cases information requires a physical carrier. Telecommunications
networks, so far, have been the largest pipelines through which large amounts of information
flow. They are the backbone of telecommunications services, and also a tangible good, which
unfortunately requires huge investments. Have these investments been distributed among all
the world’s regions and peoples? Not at all. Additionally, end-user devices are also a
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necessity to send and receive information. They are tangible goods as well so that only people
with enough money can afford them. Can all the peoples afford a computer or a cell phone?
Not at all. Finally, skills also determine an individual’s capability to utilize information, for
the ultimate goal of information is for people to exploit it and improve their lives. Only
through education, training and practices can these skills be acquired, which is unfortunately
very time-consuming and expensive. All these socioeconomic factors deserve attention when
we discuss information inequality.
There is a huge amount of information, and it is believed it is beneficial to every
single person and society, as long as it is accessible and it is exploited to satisfy people’s
needs and improve their lives. This should be the target of future development of information
and communications technologies (ICTs). However, information by itself and by nature does
not guarantee this. Instead, information service providers, regulators, policy-makers and
researchers should collaborate and make efforts to make it happen. The first step is to gain a
comprehensive understanding of our present situation. It is still under debate whether we
have entered the Information Society yet. For us to give an accurate answer, it is necessary to
first measure information in the society, with regards to how available information is, and
how useful information is in satisfying people’s needs and improving their lives.
Measurement of information has long existed, in various forms (Bricker, 1955).
The reforms of the global telecommunications sector from the early 1980s to the late 1990s
had put a spin on measurement. Additionally, since the mid 1990s, concerns of the
information rich and poor have further justified measurement of information. These periods
have witnessed the collection of data, the construction of measures, and the advent of
4

measurement models.
Chapter 1 lays the background for the discussion of information measurement,
which dates back to the early 1980s, when the global telephone/telecommunications industry
began to reform. The reforms brought researchers’ attention to the changes in performance of
the industry, which was the primary motivation that started quantitative measurement of the
industry. In the mid-1990s, the research focus was gradually shifted to the digital divide,
which has eventually been consolidated with the concept of the Information Society.
Following the historical development, Chapter 2, as a literature review, explores the current
measures that have been constructed and used to monitor the progress of the Information
Society. However, an in-depth examination of the measures and methods uncovers their
theoretical flaws and methodological weaknesses, which then raise the two research questions
that the thesis attempts to address. Chapter 3 makes a horizontal comparison across the
network industries, with particular reference to measures and methods which have been used
to measure the industries, in order to shed light on the measurement of the Information
Society. Chapter 4 establishes a seven-component theoretical framework for the thesis by
drawing on Maslow’s hierarchy of needs, theories of social well-being, and the
Stiglitz-Sen-Fitoussi (SSF) model of societal well-being. The framework is a hierarchy of
people’s information needs, which consists of five levels of information connectivity,
information security, information quality, information enlightenment and information
empowerment, in order from lowest to highest level. In accordance with the framework,
Chapter 5 operationalizes each component in the framework by suggesting appropriate
indicators and variables that can represent the component, and outlines research guidelines
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which researchers should follow when selecting indicators and collecting data on them.
Chapter 6 applies statistical tools to indicators and data on information connectivity, in order
to demonstrate how indicators can be selected, and weights assigned, automatically by the
datasets, with the help of statistical techniques. Chapter 7 concludes the thesis with a note to
policy-makers regarding fact-based, data-driven policy-making.
1.1 Overview of the global telephone/telecommunications industry
Unlike the United States, countries in Europe and Asia have had a long history of
putting the telecommunications sector under state ownership in the form of a state monopoly.
State-owned companies had run the sector for decades. One of the reasons was the large scale
of investment involved (Gutierrez & Berg, 2000). In the early 1980s, the assets of British
Telecom reached over £9 bn, with an annual turnover of almost £7 bn. Its investment
increased at an annual rate of £1.7 bn (Garnham, 1985). Because of this exceptionally huge
amount of capital, private funding had been considered inefficient. Another reason was
employment. The high level of employment would not have been sustained if profit-driven
private companies had been in charge. Third, in theory, the large economies of scale resulting
from the difference between the fixed and marginal costs made the telecommunications
industry a natural monopoly by nature. Any competition would duplicate infrastructure and
thus lower efficiency, it had been believed. Only control of a unified network could make
feasible optimum system investment to cover peak loading, and therefore the value of the
network would grow exponentially with each additional subscriber (Garnham, 1985). Fourth,
national security and defense was another argument for the telecommunications sector to be
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state-owned and controlled. Finally, the last reason was social equity. It had been argued that
state-owned companies could serve the public interest better, while private enterprises only
sought profits for stockholders and would only serve people in profitable areas, i.e., in urban
areas. It had been assumed that only under state monopoly could universal service be
achieved, and people in both rural and urban areas could have telecommunications services at
low affordable rates. This is how the theme basically appeared during the period of monopoly
in most parts of the world other than the United States.
On the other hand, the United States told a different story. Private companies had
monopolized the telecommunications sector. Concentration of ownership could be traced
back as far as the beginning of the telephone service (Trauth, Trauth, & Huffman, 1983).
AT&T had held a government-authorized phone service monopoly, while its subsidiary,
Western Electric, had monopolized the Consumer Premises Equipment (CPE) market. In the
last decade of the 19th century and the first three decades of the 20th century, as many of its
patents had expired, AT&T started to face significant competition in local exchange service
from independent telephone companies. Those small, independent companies started at the
local level to wire businesses and households, creating even more local lines than AT&T. As a
response, AT&T refused to interconnect with these independents to stifle competition as they
had already gained first-mover advantage in the market. Consequently, businesses had to
subscribe to two telephone companies with unconnected networks (Economides, 2004a).
AT&T argued that they were concerned about the quality standards of the independents and
that the interconnection might jeopardize their network. Finally, AT&T found some middle
ground to merge most of the independents into the Bell System. On the other hand, the near
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monopoly of AT&T in long distance had never been seriously challenged until the 1970s. In
its heyday, AT&T had dominated over 90% of the long distance revenue (Economides,
2004a).
Fortunately, things started to change, with the neoclassical economics and free
market movement around the late 1970s. Put into the mix were computers, which became
essential to communication and started the merger between the traditional
telecommunications industry and the new information industry, as communication became a
vital aspect of information processing. These changes led to the fact that the policy
orientation toward new types of communication was quite clearly in the direction of
deregulation (Trauth, Trauth, & Huffman, 1983). In Britain, after the Thatcher administration
came to power, British Telecom, which had been a state monopoly since its foundation, was
pushed through a radical process of change (Beesley, 1981). The British Telecommunications
Act of 1981 took the first steps to introduce competition in the UK telecommunications
industry. In particular, the Act separated British Telecom from the Post Office and
empowered the Secretary of State for Trade and Industry, as well as British Telecom, to
license other operators to run public telecommunications systems, although it still stipulated
that “the prime instrument” in a domestic telecommunications system should be supplied by
British Telecom, and only additional equipment by its competitors (Moon, Richardson, &
Smart, 1986). Additionally, a framework was established which enabled the Secretary of State
to set standards with the British Standards Institution for apparatus supplied to the public by
third parties, and had the effect of requiring British Telecom to connect approved apparatus to
its systems. Further actions were taken one year later, when the British Government formally
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announced its sale of up to 51% of British Telecom’s shares to the public. The announcement
was confirmed by the passing of the Telecommunications Act of 1984. Consequently, by the
end of 1984, BT had been transformed from a state-owned and controlled monopoly supplier
of almost all telecommunications goods and services into a limited public company operating
under license in which the British Government held only 49 percent of the company’s shares.
In the meantime, a number of competitive companies were founded. For example, Mercury
started to compete with British Telecom in trunk voice telephony and data transmission.
Local cable operators were allowed to offer data services in most markets. Competition was
introduced into local loop and cellular services as well (Garnham, 1985). The new structure
would be regulated by a government agency freshly established under the
Telecommunications Act of 1984, the Office of Telecommunications, which has been acting
as the independent regulator and competition authority for the UK telecommunications
industries and a counterpart to the Federal Communications Commission in the United States.
Since its foundation, the regulator’s mission has been to promote competition and maintain
the public interest.
On the other hand, across the Atlantic Ocean, an antitrust suit was filed against
AT&T in 1974, charging that AT&T had abused its monopoly over the telecommunications
industry by keeping competitors from the markets of equipment and long distance telephone
service. The settlement resulted in another major restructuring of the telecommunications
industry. The divestiture of AT&T was finalized in 1984, with AT&T agreeing to split its local
exchange service operating companies into seven independent Regional Holding Companies,
also known as Baby Bells. AT&T, reduced in value by approximately 70%, continued to
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operate all of its long-distance services. However, without the ownership of and control over
the Baby Bells, competition in long-distance services, suppressed by AT&T for nine decades,
was brought to life. MCI and Sprint were able to compete with AT&T without the local
exchange companies favoring AT&T anymore. This pattern of reforms, summarized as
privatization, introducing competition, and establishing independent regulatory authorities,
was pursued by countries worldwide in the following decades
The privatization of British Telecom in the United Kingdom and the divestiture of
AT&T in the United States have been considered the trigger events (Li & Xu, 2002), which
led to telecommunication reforms all over the world. However, unlike the UK and US, the
primary force driving the reforms was the industry’s poor performance under state ownership,
accompanied with rapid technological advances and lack of state financing needed for the
renewal and maintenance of infrastructure (Bagdadioglu & Cetinkaya, 2007). The World
Bank gave the reforms a final push (Wallsten, 2001). It has been involved in the global
telecommunications industry since the 1960s. In the mid-1980s, the World Bank expanded
the scope of its support by promoting the privatization of state-owned telecommunications
enterprises. The increased emphasis on privatization and competition by the World Bank and
other aid agencies as conditions for foreign aid affected the pace of reform efforts (Wellenius,
1992).
As a result, the 1980s and 1990s witnessed the most dramatic policy changes in the
telecommunications sector. Li and Xu (2004) pointed out that during this period, monopoly
incumbents were privatized, new competitors licensed, new services allowed, and new
legislation introduced in more than 150 countries. In 1980, only two percent of the
10

telecommunications carriers in 167 countries allowed private investors; by 1998, the number
had reached 42 percent (Li & Xu, 2004). By 1998, all the OECD member countries had
opened their telecommunications markets for competition, although the incumbents still
maintained a dominating market share resulting from the first-mover advantage (Boylaud &
Nicoletti, 2001). Figure 1.1 shows the number of independent regulatory agencies worldwide
from 1991 to 2003. While in 1991 there were only 13 such regulators on Earth, the number
had jumped to 123 by 2003.

123
114
105
85

93

74
55
42
26
13

30

33

16

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Figure 1.1 Number of independent regulatory agencies, worldwide (cumulative)
(Source: International Telecommunication Regulatory Database)
1.2 Reasons for measuring the telecommunications industry’s performance
The reforms were taken for granted. No country, not even the UK and US, which
were the reform’s heralds, knew exactly what changes would follow. There were few theories,
and little guidance. There were only speculations and assumptions. What the reforms would
bring to the industry was unclear. Advocates argued that the dramatic technological changes
in the industry had made the idea of natural monopoly obsolete, while they had made the
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reforms viable. Natural monopoly would erode over time, due to technological innovations
that had altered the cost conditions, which had supported the theory of natural monopoly.
Technological innovations would reduce fixed costs by offering a more efficient way to
provide telecommunications services. For example, wireless technologies offered a cheaper
way for service providers to reach customers’ premises than wired technologies (Schwartz,
1997). However, opponents also expressed a strong opinion. It had been firmly believed that
the efficiency of the telecommunications industry would decrease significantly if natural
monopolies were dismantled (Sharkey, 1982). The stakes were high, as telecommunications
had been a critical component of a modern economy’s backbone. However, no theory could
have predicted the results in a definite way.
Fortunately, the reforms turned out to work well in both the UK and US. Over time,
one by one, spurred by changes in technology, the abysmal performance of state monopolies,
and prodding by the World Bank and aid agencies, both developed and developing countries
were willing and obliged to take the risk. The reforms finally went global and reached almost
every corner of the Earth. To the opponents’ surprise, the global telecommunications industry
experienced extraordinary growth, with significantly improved performance. And this is
when measurement kicked in.
However, not until the mid-1990s did enough data become available and able to be
collected. With the data in hand, researchers took an a posteriori approach by conducting a
variety of empirical studies, in order to find out whether the reforms had in practice yielded
the desired results, i.e., improved performance of the telecommunications industry. Research
on the impact of reforms (i.e., privatization, introducing competition, and establishing
12

independent regulatory agencies) on performance emerged from the mid-1990s to the early
2000s (Petrazzini & Clark, 1996; Armstrong, 1997; Laffont, Rey, & Tirole, 1997; Ros, 1999;
Noll, 1999; Wallsten, 2001; Li & Xu, 2002). These studies followed a similar theoretical
framework and methodology, applied econometrics to data, and attempted to detect the
variations in performance measures before and after the reforms. In this process, privatization,
introducing competition, and establishing regulatory agencies were obviously exogenous
variables, while performance measures were endogenous. However, this method is flawed by
nature and has been criticized for its over-simplicity. First, operationalization of these
variables had to be confined within available data, whose reliability and validity were
questionable. Second, measures were vague and oversimplified. For example, competition
was operationalized only by one dummy variable, which was assigned a value of either 1 or 0,
depending on whether a country had some sort of competition in the telecommunications
sector or not at all. Despite these shortcomings, this type of research existed for several years.
The performance measures devised in these studies have become a legacy even though the
studies themselves became out of date. These measures later entered various index systems
which are aimed at measuring the digital divide and the Information Society. For instance, in
Ros’ research (1999), the performance measures included network expansion and efficiency.
Network expansion was operationalized by the number of main lines per 100 inhabitants, and
efficiency by the number of main lines per employee. The former can be found in almost
every single index, as an important indicator that measures the network coverage of
traditional telephone infrastructure; while the latter also has served as an indicator in various
indices, to reflect the level of efficiency. Additionally, Li and Xu (2004) constructed measures
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such as telecommunications investment per capita, price of a three-minute local call, total
revenue, and the number of mobile subscribers per 100 inhabitants. Most of these measures
can be found in the most recent literature and may still be in use, either in their original form
or modified. These early performance measures are the prototypes which helped construct
more complex and comprehensive indices later on.
The original goal of the reforms was to achieve better performance, and the
aforementioned empirical studies apparently suggested that the target was accomplished.
Measurement would have disappeared if this had been the end. However, this did not happen.
As the telecommunications industry has continued to grow and develop, so did the
measurement. Gradually but steadily, the telecommunications industry has expanded and
been merged with information services into the new information industry, which covers not
only the traditional telecommunications services, but also the new IP-based information
services.
The rapid growth of the telephone/telecommunications industry and later on the
even faster development of the information industry have been observed. The positive link
between telecommunications advances and economic growth, acknowledged by economists
both theoretically and empirically, has been confirmed (Hardy, 1980; Leff, 1984; Norton,
1992; Litchengerg, 1995). Both information economics and theories of technological
convergence predict that GDP is leveraged by an increase in telecommunications investment.
The tradition of exploring the contribution of the telecommunications/information industry to
overall economic growth still exists. Pearce and Pagano (2009) predicted that investment in
wireless broadband networks would yield a seven-to-tenfold increase in GDP in the long run.
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A study by the World Bank (2010) determined that a 10% increase in mobile subscribers
leads to a 0.8% increase in economic growth, while a 10% increase in high-speed Internet
leads to a 1.3% increase in economic growth. So this is one of the reasons why we still need
measurement. The following sections deal with other reasons for measurement to exist.
1.3 The digital divide
Measurement of the digital divide started around the mid-1990s. Along with other
academic and political movements, the digital divide helped transform the study of the
telecommunications industry into that of the Information Society in the Information Age.
Before the term “digital divide” came into being in the mid-1990s, there were
already groups described as the information haves and have-nots (Compaine, 2001). In 1994,
the U.S. federal government launched research on the have and have-not issue, conducted by
the National Telecommunications and Information Administration (NTIA). The federal report
resulting from the research, Falling Through the Net: A Survey of the “Have-nots” in Rural
and Urban America, has been considered a starting point of research on the digital divide.
The concept of the digital divide, introduced by the Clinton-Gore administration in
1996, quickly gained popular acceptance as a concept that addressed the inequitable access to
Information and Communications Technologies (ICTs) between and within communities
(Barzilai-Nahon, Gomez, & Ambikar, 2010). Although it seemed a simple concept at the
early stage, the digital divide has come a long way to its present understanding. As
Warschauer (2001) pointed out, “[t]he ‘digital divide’ is one of the most discussed social
phenomena of our era. It is also one of the most unclear and confusing.” (p. 1). For example,
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it has been used to distinguish between advocates and opponents in debates about the value of
ICTs (Moore, 1995), and to indicate the difference between the utopian and dystopian
perspectives towards ICTs. In another case, it was once used to describe the incompatibility
of analog and digital technologies (Steward, 1997). Furthermore, the digital divide can also
be found to identify racial discrimination in the unequal distribution of employment in the
high-tech field (Angwin & Castaneda, 1998). However, these connotations of the digital
divide failed to survive over time, and the digital divide has come to narrowly refer to the
inequitable access to ICTs (Compaine, 2001).
Early interventions which aimed to bridge the digital divide focused on the access
to infrastructure, and the affordability of end-user devices, in hopes of realizing more
equitable distribution of hardware. This can be summarized as the first phase of the digital
divide, where the attention was primarily put on infrastructure and hardware, and on
questions related to ownership, availability, and affordability. This is known as the first order
effects. Consequent measurement of the digital divide that followed this framework began to
emerge. For example, research by the NTIA (1995; 1998; 1999) suggested that by the year
2000 more than 80 percent of households with a computer would have connected to the
Internet, and the proportion of households with Internet access would have more than
doubled from 1997 to 2000. Selhofer and Hüsing (2002) proposed a Digital Divide Index
(DDIX). The indicators included the percentage of computer users, the percentage of
computer users at home, the percentage of Internet users, and the percentage of Internet users
at home. It is barely surprising that this simplistic approach has been criticized for its reliance
on hardware alone, which is not capable of pointing out a convincing and accurate direction
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to bridge the divide or promote social inclusion (Dewan & Riggins, 2005). As a solution, the
conceptualization of the digital divide needed to be broadened. It was gradually recognized
that the digital divide is a multifaceted concept with multiple dimensions. The digital divide
should be understood as a concept reflecting inequities derived from the digital environment,
in a continuum with other socioeconomic inequalities.
In recent years, attention has been shifted from the first order effects to the more
contextual second order effects. The second order effects refer to the inequalities of the
ability to effectively and efficiently exploit ICTs (Dewan & Riggins, 2005). So far, the
dichotomous view of the digital divide as a distinction between the information haves and
have-nots has become obsolete. Instead, questions about what components constitute a more
refined concept of the digital divide in a certain context have been raised. Research has been
expanded to a full range, from digital inequalities of access, use, skills and education, to
socioeconomic inequalities.
Measurement of the digital divide has developed accordingly. In the meantime, the
concept of the Information Society revived and efforts to measure it began to take off. Since
2003, as a leader in research on measuring the Information Society, the International
Telecommunication Union (ITU) has published its annual report, namely Measuring the
Information Society. The ITU has proposed various indices to measure the Information
Society, collected large amounts of data, and ranked countries in the order of index values.
Similarly, the Organization for Economic Cooperation and Development (OECD) has also
released its biennial report, OECD Guide to Measuring the Information Society, since 2005.
Both publications have been updated regularly to reflect the rapid changes in the
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telecommunications/information industry. The digital divide and measuring the Information
Society, originally two different paths, started to converge. As more data was available and
collected, a large number of comprehensive indices were built on the indicators that had been
previously used to measure the performance of the telephone/telecommunications industry
and the digital divide. Although the early indices were criticized in a similar way as their
constructing components for their reliance on access and affordability, over time, they have
evolved to incorporate more comprehensive indicators such as skills, education, and
socioeconomic and contextual factors. These indicators and indices, which are aimed at
measuring the Information Society, in return, can be used to monitor the digital divide. In his
study, Barzilai-Nahon (2006) reviewed five indices that can be used to measure the digital
divide. Three of them were originated to measure the Information Society.
So far this thesis has provided an overview of the measurement of the
telephone/telecommunications industry, the measurement of the digital divide, and the
measurement of the Information Society, in a roughly chronological order. Historically
speaking, what we have seen is gradually but steadily, as the former measurement becomes
obsolete, it becomes the foundation for the latter measurement. And now the measurement of
the Information Society has become dominant, after absorbing the fundamentals of the
former two kinds of measurement. The unit of analysis has expanded from the industry to the
Information Society. However, the aforementioned four drawbacks for which the thesis
attempts to make up are still existent and demand a remedy.
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1.4 The revival of the concept of the Information Society
The concept of the Information Society first emerged in Japanese literature in the
early 1960s (Karvalics, 2007). From 1960s to 1980s, there were competing terms that aimed
to capture the major social transformation that had taken place. The Information Society, the
Post-Industrial Society, and the Knowledge Economy, were the prominent ones among others.
American scholars were significant contributors to these concepts. Bell (1973) characterized
the Post-Industrial Society as a society where knowledge replaces capital as the key resource,
like capital in the industrial society replaced land as the key resource. Similarly, Drucker
(1993) described the movement as a societal shift in which knowledge becomes the key
resource. In his analysis of the US information sector, Porat (1977) proposed a concept of
information economy, which can be further divided into the primary information sector and
the secondary information sector. The primary information sector is in charge of producing
information and information tools, while the secondary information sector processes
information and accomplishes social missions such as finance and healthcare with the
information. It is claimed that in the old economy, information flow was physical, such as
cash, checks, face-to-face meetings, and direct mail. However, in the new economy,
information in all its forms is reduced to bits and transmitted at the speed of light (Tapscott,
1995). Tapscott (1995) called the new economy a “knowledge economy”, which is based on
the application of human know-how to everything that is produced and the way it is
produced.
Over time, however, criticized for being contradictory and vague, these terms
gradually lost their popularity and finally disappeared, except the Information Society, which
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became an overarching term to describe the elemental social changes that took place in the
second half of the 20th century (Karvalics, 2007). But not for long, as the term filtered
through to the political sphere and the language of the media. For a while, the European
Union’s political practice interpreted and used the concept in a way that was distant from its
meaning, which declared that the liberalization of the telecommunications industry was equal
to the Information Society (Beniger, 1986).
By the turn of the millennium the use of the “Information Society” had widely
revived. However, because of its sudden revival, the meaning of the concept had become
diluted, laden with contradictions and vagueness (Karvalics, 2007). It had been interpreted in
different ways. Among others, definitions of the Information Society included: “A new type
of society, where the possession of information (and not material wealth) is the driving force
behind its transformation and development” (Masuda, 1980); “A society where information is
used as an economic resource, the community harnesses/exploits it, and behind it all an
industry develops which produces the necessary information” (Moore, 1997); and “A new
type of society in which humanity has the opportunity to lead a new way of life, to have a
higher standard of living, accomplish better work, and to play a better role in society thanks
to the global use of information and telecommunication technologies” (Murányi, 2004). It is
evident that the definitions are based on hidden perceptions regarding which areas of life
have changed the most dramatically. Some are centered on resources, others around wealth,
possessions, and society.
There has been little consensus in the literature as to when a society enters the
Information Society, or what kind of things should be examined. To make things easier by
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bypassing such a tricky question, the world has been generally assumed to have entered the
Information Society. In its annual report Measuring the Information Society, the International
Telecommunication Union has treated over 150 economies in the world as an Information
Society, and ranked their standings. Technological convergence, advances and diffusion have
made the Information Society a universally recognized concept, with the help of the coverage
in the media and its proliferation in academia. The Information Society has become a term to
describe the most recent stage of social history, which has highlighted changes and
developments in technology and society.
Efforts have been made for a decade to measure the Information Society, and they
are still continuing. Data, measures, indicators and indices have proliferated, with the goal of
capturing the core of the Information Society. But what the core of the Information Society is
and how to measure it has been under debate. What makes things more difficult is that there
has been no clear and direct theory that addresses the questions. Without a theory, the
increasing amount of data would make little sense. A theory on measurement of the
Information Society is to data what Sir Newton’s Law of Gravitation was to Galileo’s records
of observations.
1.5 Summary
Measurement of information has gone through three stages, at each of which it has
gained new meanings and enlarged its scope. At the first stage, the
telephone/telecommunications industry was dramatically reformed worldwide, for many
reasons. Its monopoly status was constantly being challenged, meanwhile its performance
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was questioned. The neoclassical economics and free market movement around the late 1970s,
combined with rapid technological advances, pushed the telecommunications industry
towards deregulation, which happened first in UK and US, and eventually spread to every
corner around the globe. The reforms had three typical features: privatization (for
telecommunications operators were state-owned, except those in US), introduction of
competition, and establishment of independent regulators. These all paved the way to the
most dramatic policy changes in the telecommunications industry (Li & Xu, 2004; Boylaud
& Nicoletti, 2001). As a result, research on measuring the performance of the
telecommunications industry developed, for researchers and policy-makers were eager to find
out the effects of the reforms. Dozens of empirical studies emerged, which were intended to
capture the changes in performance of the industry in a more or less similar way. Despite
their simplicity, the measures and methods used in the early research has become a legacy
and even played an important part in the subsequent stages.
In the mid-1990s, research on the digital divide started to develop, whose early
focus was on access and affordability, in the hope of realizing more equitable distribution of
infrastructure, which is known as the first order effects. Later research shifted the attention to
the inequalities of the people's ability to effectively and efficiently use ICTs (Dewan &
Riggins, 2005), which forms the second order effects. Socioeconomic and contextual factors
have been taken into account as important influences that shape the digital divide. The
measures and methods used to monitor the progress of the telephone/telecommunications
industry were modified and expanded, after which they were employed to measure the digital
divide. Composite indices started to be constructed, which made easier and more
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straightforward the comparisons between the information haves and have-nots, and across
countries.
Around the turn of the 21st century, the concept of the Information Society was
revived, to which international attention has turned. Despite its contradictions and vagueness,
it has become an overarching term to describe the elemental social changes which took place
in the second half of the 20th century (Karvalics, 2007). International organizations and
governments have been attracted to the concept, and started research on its measurement. In
the next chapter, we delve into these efforts and explore their merits and flaws.
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2. Examination of existing measures of the Information Society and research
questions
Counting-based measurement of information in a society can at least date back to
the 1970s, when Japan first started to count “information”: the number of books published
every year, the number of total words in the publications every year, etc. Machlup (1962)
attempted to count the share of the US GNP connected with knowledge as opposed to other
kinds of activities, while his follower, Porat (1977) took one step further and measured what
percentage of US national wealth originated with the production, processing and distribution
of information goods and services. Almost all kinds of measurement involve some counting,
which remains a common technique up to the present. It’s hardly a surprise to find that
counting appears in the latest measurement models and indices. However, the numbers of
books and words have been replaced by measures such as teledensity (the number of
telephone lines per 100 inhabitants), and the broadband penetration rate (the number of
households with broadband Internet access per 100 households), and so forth. While Gross
Domestic Product (GDP), adopted as an indicator against the backdrop of the Great
Depression and World War II, counts a variety of economic activities in monetary value and
has merits and flaws, measurement of the Information Society counts information in different
units and dimensions, with merits and flaws as well.
Leading the research on measurement of the Information Society are international
organizations such as ITU, OECD, the World Bank, the United Nations, etc. A close
examination of their models and indices reveals their strengths and weaknesses, and lays the
foundation for an alternative approach to measuring the Information Society.
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2.1 ITU’s indicators
As a leader in measuring the Information Society, the International
Telecommunication Union (ITU) has initiated various projects. They have also collaborated
with the United Nations, Eurostat, OECD, etc. through the Partnership on Measuring ICT for
Development, and launched the World Summit on the Information Society (WSIS). In
particular, their efforts have included collecting, synthesizing, and disseminating statistics
and data on the Information Society. These statistics and data do not stay unchanged over
time, for great changes have been taking place in the information industry which have led to
noticeable social changes. As a response, the measures thus have been enlarged and revised
frequently over the past two decades.
The latest effort by ITU can be found in the Handbook for the Collection of
Administrative Data on Telecommunications/ICT published in 2011. There are a total of 81
indicators in the handbook, grouped under the following 11 broad headings (International
Telecommunication Union [ITU], 2011a):
Fixed-telephone networks
Mobile-cellular networks
Internet
Traffic
Tariffs
Quality of service
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Persons employed
Revenue
Investment
Public access
Broadcasting and other indicators
The handbook is the most recent of a series of ITU’s publications and has evolved
from its debut in 1994, which was at that time called the Telecommunications Indicators
Handbook. Again, the main reason to update the handbook frequently is to accommodate the
dramatic changes in the information industry. The indicators not only cover measures of the
traditional public switched telephone network (PSTN), but also include indicators of the
growing mobile and Internet services.
It’s apparently seen from the names of the headings that these indicators focus on
infrastructure, including the traditional telecommunications networks, and mobile and
Internet networks. On the one hand, these are valuable indicators that address an important
physical basis of the Information Society. However, despite the claim that the handbook “will
help countries monitor their progress towards becoming information societies on the basis of
international statistical standards” (ITU, 2011a, p. iii), these indicators are ignorant of the
socioeconomic and contextual factors, which play a major part in making up the necessary
qualities of the Information Society. It seems to be forgotten that infrastructure alone would
not give birth to the Information Society. Therefore, these indicators by and large would not
accurately measure the Information Society comprehensively, unless they are combined with
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other indispensible aspects of the Information Society.
A further examination of the Handbook found that these indicators are all on the
national level. The 81 indicators in the Handbook have been internationally agreed upon. The
data collected for the Handbook are administrative statistics, gathered by government
agencies, regulatory authorities and/or national statistical offices from ITU’s member
countries. One advantage of this kind of data is its easy availability. They are readily
accessible and up to date in most of the member countries, with copies which are inexpensive
to produce and transmit, for they are all based on administrative records (United Nations
[UN], n.d.). Additionally, issues of confidentiality can be well addressed by aggregate data,
for details of individual operators and companies are not disclosed. This is especially
important for those that have not been publicly listed. However, on the other hand, this data
raises reliability concerns and thus may provide inaccurate numbers and result in misleading
conclusions. For example, subscription indicators could mistakenly include inactive or
duplicate accounts so that penetration may be overestimated and misinterpreted (ITU, 2011a).
Second, the Handbook ignores all the other indicators that are either not accessible in
administrative records or not unanimously agreed upon by all the member countries (ITU,
2011a). The importance of these indicators cannot be overlooked and they deserve an
explanation in the Handbook of the variations resulting from leaving them out, which
unfortunately is missing. Finally, since they are at the national level, the indicators are able to
make comparisons among countries (ITU, 2011a), but they can hardly shed any light on
regional development within a country.
According to the Handbook, the data on the indicators is collected annually and
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structured as time series, in the hope of enabling long-term trend analysis (ITU, 2011a). This
would be a plan except that one element is problematic, which is the lack of consistency.
During the past two decades, the list of indicators has been updated regularly every two to
three years, due to the changes in technology, service, and society. For example, in 1994,
there were only 55 million mobile subscriptions worldwide, and the Internet was accessed
through a narrowband, dial-up connection, with fewer than 20 million users. By the end of
2011, the mobile subscriptions had expanded to six billion, while one-third of the world’s
population had become Internet users. The narrowband, dial-up connection had been replaced
by a broadband connection either through xDSL or cable (ITU, 2011a). Meanwhile, the
mobile 3G and 4G connection has risen steadily since 2007. As a response, the selection of
indicators has gone through corresponding dramatic changes as well. Twenty-two indicators
that were in the prior Handbook have been eliminated from the latest version (ITU, 2011a).
Not surprisingly, some new additions can be found in the newest Handbook. These indicators
are still likely to change in the future editions. So far only a small fraction of the indicators
have remained totally unchanged over time. This being said, structuring the data as time
series is not feasible in practice.
A group of more visionary indicators is listed in Measuring the WSIS Targets: A
Statistical Framework, published in 2011. It’s a collaborative work led by the World Summit
on the Information Society (WSIS). The indicators accompany 10 targets to be achieved by
2015, outlined in the Plan of Action resulting from the first phase of WSIS held in Geneva in
2003 (Partnership on Measuring ICT for Development, 2011). In 2011, the original 10 targets
were amended. The latest targets are as follows:
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Target 1. Connect all villages with ICTs and establish community access points;
Target 2. Connect all secondary schools and primary schools with ICTs;
Target 3. Connect all scientific and research centers with ICTs;
Target 4. Connect all public libraries, museums, post offices and national archives
with ICTs;
Target 5. Connect all health centers and hospitals with ICTs;
Target 6. Connect all central government departments and establish websites;
Target 7. Adapt all primary and secondary school curricula to meet the challenges
of the Information Society, taking into account national circumstances;
Target 8. Ensure that all the world’s population has access to television and radio
services;
Target 9. Encourage the development of content and put in place technical
conditions in order to facilitate the presence and use of all world languages on the Internet;
Target 10. Ensure that more than half of the world’s inhabitants have access to ICTs
within their reach and make use of them.
There are a total of 49 indicators for the 10 targets, with one supplementary target
and three corresponding supplementary indicators (Partnership on Measuring ICT for
Development, 2011). However, data is not yet enough to carry out research on measurement
of progress towards these goals, for the selection of the indicators is not confined to data
availability. Data on most of these indicators is either just being collected recently or yet to be
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collected. The indicators represent a broader and deeper view of the Information Society,
which takes into account education, content, and skills and use. In addition, unlike the ones in
the ITU’s Handbook, these indicators are more diverse and comprehensive. They are not
solely on the national level, but they attempt to reach more detailed analysis and consider
national contexts within a country. Out of the 49 indicators, only two can be found in the
ITU’s Handbook.
One recurring theme is that these 49 indicators have also been internationally
agreed upon, and relied on administrative records as the primary data source, in order to
ensure data availability and comparability across countries. This kind of practice has become
a standard and dominant way of making country-level analysis and comparisons.
One improvement these indicators have made is that they do not solely focus on
infrastructure and affordability. They attempt to provide a more comprehensive view of the
Information Society by introducing more socioeconomic and contextual components.
However, the emphasis is still heavily placed on connectivity, access, and prices, to which
more than half of the indicators are relevant. The reason is that for a long time the ITU has
specialized in generating indicators of such a kind, and accordingly collected a large amount
of data. So they still want to take advantage of this specialty, and not totally waste their
previous efforts. On the other hand, they do not necessarily have the expertise to generate
indicators on education, health, politics, and democracy, which interact with each other and
all play important roles in the Information Society. When developing an index that involves
one or more of such indicators, the ITU has often drawn on other authoritative sources of the
specific fields. For example, the ITU has borrowed indicators on education prepared by the
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United Nations Educational, Scientific and Cultural Organization (UNESCO), and used them
as a foundation in the construction of their ICT Development Index. This kind of
collaboration has been beneficial and has already improved the quality of measurement of the
Information Society.
2.2 ITU’s indices
The ITU did not stop at producing various indicators, whose quantity is too large to
be useful in either monitoring progress, guiding policy-making, or making comparisons
across countries. A complementary approach the ITU has taken is to construct an index,
which aggregates various indicators into a single-number result which in return is
representative of all the indicators included. In 2003, the first index was made public, which
is the Digital Access Index (DAI). It included eight internationally-agreed indicators. Table
2.1 shows the structure of the index.
Table 2.1 The structure of the Digital Access Index (Source: ITU, 2003)
Category

Indicator

Weight

Fixed telephone subscribers per 100 inhabitants

1/2

Mobile cellular subscribers per 100 inhabitants

1/2

1. Infrastructure

Internet access price as percentage of per capita
2. Affordability

1
income

3. Knowledge

Adult literacy

2/3
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Combined primary, secondary and tertiary school
1/3
enrollment level
International Internet bandwidth per capita

1/2

Broadband subscribers per 100 inhabitants

1/2

Internet users per 100 inhabitants

1

4. Quality

5. Usage

Despite being the first effort to revolutionize the measurement of the Information
Society, the index was criticized for several reasons. First, it might be more appropriate to
name the index the Broadband Internet Access Index, with half of the composing indicators
being relevant to Internet and broadband access. This limited its scope and capability to
provide a comprehensive understanding of the Information Society. Second, equal and
arbitrary weight was given to each category, as well as each indicator within a category. This
practice was criticized for being oversimplified and lacking justification. Despite these issues
and problems, the methodology has become a fundamental prototype for the subsequent
indices. One advantage of an index as such is that it is able to reflect multivariate dimensions
of a concept by incorporating both socioeconomic and technological factors, and a
single-number result leads to its capability to make comparisons across the countries
(Freudenberg, 2003).
Two years later, in 2005 the ITU launched a second index, the ICT Opportunity
Index (ICT-OI), which was in fact the result of the merger of two predecessors, which are the
aforementioned ITU’s Digital Access Index (DAI) and Orbicom’s Monitoring the Digital
Divide. Monitoring the Digital Divide was a research project initiated by Orbicom in 2003,
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whose primary focus was on the digital divide. The merger further evidences the convergence
of measures of both the digital divide and the newly-emerging Information Society. The
project established a conceptual framework that went beyond infrastructure by introducing
skills. In operation, it constructed an index that consisted of 21 indicators, and collected data
from over 100 countries during 1996 – 2001.
Similarly, the ICT-OI used a slightly modified structure and produced a
single-number result. There were a few apparent differences, though. First, the indicators
expanded from eight to ten. With two more indicators, the index was supposed to capture a
larger scope. The additional information came from proportion of households with TV and
international telephone outgoing traffic, which resulted in more focus on infrastructure but
also more diversity of media types. Furthermore, the index could be further broken down to
four sub-indices: networks, skills, uptake, and intensity. This design enabled each country to
identify its specific strengths and weaknesses for each of these sub-indices, which made it
more concrete and practical in guiding policy-making (ITU, 2005). This methodological
improvement has been followed by the ensuing indices. The structure of the index is shown
in Table 2.2.
Table 2.2 The framework of the ICT Opportunity Index (Source: ITU, 2005)
Sub-index

Indicator

Networks

Main telephone lines per 100 inhabitants
Mobile cellular subscribers per 100 inhabitants
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International Internet bandwidth
Adult literacy rates
Skills
Gross enrollment rates
Internet users per 100 inhabitants
Uptake

Computers per 100 inhabitants
Proportion of households with TV
Total broadband Internet subscribers per 100 inhabitants

Intensity
International outgoing telephone traffic per capita
Flexibility was one goal of the design, for the sub-indices could also be combined
into a higher level category. In this case, Networks and Skills could further form a category
called Infodensity, while Uptake and Intensity form another category, which is Infouse.
According to the ITU, Infodensity referred to the productive capabilities and capacity of the
economy, while Infouse was defined as ICT consumption within a given period (ITU, 2005).
However, this definition was merely an exaggeration, for Networks and Skills fell far short of
representing the productivity of the economy. This finding reveals the gap between the ITU’s
ideal and its operation. Finally, the construction of Infodensity and Infouse conveyed a sense
that these two concepts were derived and labeled from their composing sub-indices, without
any theoretical guidance or justification.
Another difference from the Digital Access Index (DAI) was the computation
method. The composing indicators were still assigned equal weights. However, instead of
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taking an arithmetic mean, they were aggregated in three steps. First, after the indicators were
normalized, a geometric mean was taken from the indicators within each sub-index, which
was then assigned to the sub-index as its value. The next step was to combine Networks and
Skills into Infodensity, while Uptake and Intensity into Infouse, by taking a geometric mean.
The results were the values of Infodensity and Infouse, respectively. Finally, the ICT-OI score
was equal to the geometric mean of Infodensity and Infouse. The change in the computation
method suggested that the ITU had been aware of the critiques of the DAI that stemmed from
weighting, so it attempted to experiment with some alternatives, even though this method was
still over-simplistic and far from a satisfying solution. As we shall see later, this attempt
failed to survive. The ITU returned to its original weighting method in the future construction
of its indices.
So far, the ITU had produced a new index regularly about every two years. In the
year of 2007, another index, the Digital Opportunity Index (DOI), was published. With
substantial changes in indicator selection, the index was comprised of eleven indicators,
which were grouped into three clusters of opportunity, infrastructure, and utilization (ITU,
2007). The structure of the DOI is shown in Table 2.3. While the ICT-OI had a stronger
emphasis on voice services, literacy and education, the DOI focused more on the adoption of
emerging ICTs, including broadband and mobile Internet. This development coincided with
the launch of iPhone, which has since revolutionized mobile computing and mobile
broadband Internet.
Table 2.3 The framework of the Digital Opportunity Index (Source: ITU, 2007)
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Category

Indicator

Weight

Percentage of population covered by mobile cellular
33
telephony
Mobile cellular tariffs as percentage of per capita
Opportunity

33
income
Internet access tariffs as percentage of per capita
33
income
Proportion of households with a fixed line telephone
Mobile cellular subscribers per 100 inhabitants

Infrastructure

20

20

Proportion of households with Internet access at
20
home
Mobile Internet subscribers per 100 inhabitants

20

Proportion of households with a computers

20

Internet users per 100 inhabitants

33

Ratio of (fixed) broadband Internet subscribers to
33
Utilization

total Internet subscribers
Ratio of (mobile) broadband Internet subscribers to
33
mobile Internet subscribers
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The more recent indices built by the ITU are the ICT Development Index (IDI) and
the ICT Price Basket (IPB). The IDI, developed in 2008 and first made public in the 2009
edition of Measuring the Information Society, comprises eleven indicators that were selected
from the ICT Opportunity Index (ICT-OI) and the Digital Opportunity Index (DOI). The
indicators are grouped into three categories: access, use, and skills, which correspond to the
IDI’s three-stage conceptual framework. The first stage is ICT readiness, which represents the
level of networked infrastructure and access to ICTs, and which leads to the second stage,
where the level of ICT use is the focus. Stage three is the outcome of effective and efficient
ICT use and the impact of ICTs on the society. The IDI can be further divided into three
sub-indices, with each one corresponding to a stage (ITU, 2011b). The conceptual framework
and operational structure of the IDI are shown in Figure 2.1 and Table 2.4. The IDI combines
the ICT-OI and DOI by covering both traditional voice services, literacy and education, as
well as emerging ICTs, which makes it a more comprehensive and balanced index. Another
remarkable change is that the indicators on pricing are completely eliminated from the IDI.
Instead, they form a separate index, the ICT Price Basket (IPB). This separation suggests that
the inclusion of prices may not have worked well, for price indicators may correlate with
those non-price ones. For example, lower prices have a positive impact on ICT access. Over
time higher levels of ICT access and use may further lower prices, when either service
providers leverage economies of scale, or because of increased competition (ITU, 2011b).
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Figure 2.1 The conceptual framework of the ICT Development Index (Source: ITU,
2009)
Table 2.4 The structure of the ICT Development Index (Source: ITU, 2009)
Category

Indicator

Weight

Fixed telephone lines per 100 inhabitants
Mobile cellular telephone subscriptions per 100
inhabitants
ICT Access

40
International Internet bandwidth per Internet user
Percentage of households with a computer
Percentage of households with Internet access

ICT Use

Percentage of individuals using the Internet

40

Fixed broadband Internet subscriptions per 100
inhab.

38

Active mobile broadband subscriptions per 100
inhab.
Adult literacy rate
ICT Skills

Secondary gross enrollment ratio

20

Tertiary gross enrollment ratio
The IDI marks the first time that the ITU has drawn on a conceptual framework in
the construction of an index, with which the operationalization of the index tallies. The
framework provides justification for indicator selection and thus reduces subjectivity and
arbitrarity of researchers. However, the theoretical foundation that underlies the framework is
left unexplained. It is suspected that this is a grounded framework. Computing the value of
the index uses the original weighting scheme. The ICT Access and ICT Use sub-indices are
assigned equal weights of 40 percent each. The ICT Skills sub-index is given less weight of
only 20 percent. Within each sub-index, the indicators are assigned equal weights. This being
said, the IDI still inherits the methodological flaws that stem from weighting.
The ICT Price Basket (IPB) has three sub-indices: fixed telephony, mobile-cellular
telephony, and fixed-broadband Internet services. The value of the IPB is computed by the
sum of each sub-index as a percentage of a country’s monthly GNI per capita, divided by
three (ITU, 2011b), times 100. This indicates that the IPB also assigns equal weights to its
composing sub-indices and indicators and has a value range from 0 to 100. Mobile Internet
services have not been taken into the consideration.
As a leader in measuring the Information Society, the ITU has been recognized for
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its contribution to the constant evolution and improvements of indicators and indices.
Although their efforts have not been unanimously accepted, the ITU has been working
towards reducing differences. Besides the ITU, other institutions and independent researchers
have also been active in measuring the Information Society, by proposing methodological
alternatives and contributing to future development.
2.3 Efforts by other international institutions
Among early works on measuring the Information Society was the European
Commission’s Information Society Programme, which was started in 2001 but terminated in
2003. The Statistical Indicators Benchmarking the Information Society (SIBIS) was devised
to meet the challenges of: 1) developing innovative measurement of the Information Society,
2) tracking the rapidly changing nature of the Information Society, and benchmarking the
progress of EU Member States towards the Information Society. The index consisted of 133
indicators, which covered general access to and use of computer networks (European
Commission [EU], 2003). Thirty-four of them were considered key, for the following
empirical research proved their capability and importance to monitor the Information Society.
The apparent weakness of the SIBIS was that it only concentrated on access to infrastructure
and computers, and was completely ignorant of socioeconomic and contextual factors
(Barzilai-Nahon, 2006). This problem was the most noticeable among the earliest indices and
measures, and has experienced substantial improvements ever since.
Another noteworthy research institution is the Partnership on Measuring ICT for
Development. As an international and multi-stakeholder initiative to improve the availability

40

and quality of ICT measurement, the Partnership on Measuring ICT for Development was
launched in 2004, after the first phase of the World Summit on the Information Society
(WSIS) was closed. Its mission was to define a list of core ICT indicators, collect data on
them, and develop internationally comparable ICT measurements. So far it has published two
lists of indicators, one in 2005, the other in 2010. The latest version has expanded to include a
total of 46 indicators and two reference indicators in six categories (Partnership on Measuring
ICT for Development, 2011), which is not too different from the first version. The first
version had 41 indicators and one reference indicator in the following four categories
(Partnership on Measuring ICT for Development, 2005):
ICT infrastructure and access,
Access to, and use of, ICT by households and individuals,
Use of ICT by business,
And the ICT sector and trade in ICT goods.
The newest list further breaks down the last category into two separate categories,
and also introduces a new one, which is ICT in education developed by UNESCO.
(Partnership on Measuring ICT for Development, 2011). In addition, the indicators have been
updated and modified to reflect the growing amount of mobile broadband Internet activities.
According to the Core ICT Indicators 2010 Report (Partnership on Measuring ICT for
Development, 2011), both the 2005 and 2010 lists are based on a supply/demand conceptual
model of the Information Society. This suggests that factors other than those closely related to
economics are excluded from both lists. The Report further admits that “some highly relevant
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indicators are not included in the core list because it is not possible to obtain good-quality,
internationally comparable data” (Partnership on Measuring ICT for Development, 2011, p.
2). Use of mobile phones by individuals in rural areas is such an example.
So far the most consistent index in use has been the Networked Readiness Index
(NRI), sponsored by the World Economic Forum (WEF) and developed by the Center for
International Development at Harvard University since 2004. Its main goal is to assess a
country’s capacity to exploit the opportunities offered by ICTs. The index has been regularly
modified and applied to over 100 countries in the past decade. The researchers have been
aware of the weighting problem when aggregating data. To address it, first, the concept of the
Information Society is supported by a conceptual framework, which can be broken down into
its underlying factors and which provides a more comprehensive and detailed overview of a
society and further enables deeper analysis on its strengths and weaknesses. The
aforementioned ICT Development Index (IDI) shares a similar philosophy and operation. A
noteworthy difference between the NRI and the indices we have discussed so far is that the
NRI takes into account the prospective development of the Information Society, by which it
means the degree of a country’s preparedness, and more importantly the potential to
participate in the Networked World (Kirkman, Osorio, & Sachs, 2002). The other difference
is that data does not only come from administrative records, but it is also collected by
questionnaires from more than 4,500 business and political leaders surveyed in more than 100
countries. Therefore, the sources of data are more diverse and robust, which include both
quantitative statistics and qualitative interviews and opinions. The NRI has gone through
regular revisions and updates, to reflect technological and social changes. The latest
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conceptual framework and operational structure of the NRI are shown in Figures 2.2 and 2.3.

Figure 2.2 The latest conceptual framework of the Networked Readiness Index
(Source: Information Technologies Group, Center for International Development at Harvard
University, 2011)
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Figure 2.3 The latest structure of the Networked Readiness Index (Source:
Information Technologies Group, Center for International Development at Harvard
University, 2011)
The index comprises four sub-indices that measure the environment for ICTs, the
readiness of a society to harness ICTs, the actual usage that happens in a society, and the
economic and social impacts of ICTs. The sub-indices can be further broken down to 10
second-level sub-indices, which are called pillars, according to the structure shown in Figure
2.3. There are a total of 53 composing indicators. Data on 25 of them comes from executive
opinion surveys and interviews, which means qualitative data accounts for 47 percent of all
data points. The resulting value of the index is an arithmetic mean of the four first-level
sub-index scores, while each sub-index’s value is an arithmetic mean of the composing pillars.
It is apparent that equal weights are assigned at each step of computation.
Besides these remarkable indicators and indices, OECD, World Bank, Eurostat, etc.,
all have supported and contributed to the development of measurement of the Information
Society. OECD and World Bank have developed social and economic databases from which
data is retrieved for various indicators and indices. Their databases, to a large extent,
determine the data availability, which is a critical issue in indicator selection. Their specialty
in education, health, and economic and social factors has enriched the measurement of the
Information Society and helped construct more integrative and comprehensive measures.
2.4 Efforts by independent researchers
Last but not least, independent researchers have been constantly driving the
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development of measurement of the Information Society. From the mid-1990s to early 2000s,
it was primarily researchers that repeatedly measured and kept track of the performance of
the telecommunications industry. At that time, performance was operationalized by
teledensity, affordability, service quality, employment, investment, etc (Boylaud & Nicoletti,
2001; Wallsten, 2001; Li & Xu, 2002; Li & Xu, 2004). Almost all these measures have
become a legacy and entered the measurement of the Information Society, which marks their
very first contribution to the field.
Since 2008, an integrated contextual iterative (ICI) approach has been adopted by
researchers to measure the Information Society, in the hope of understanding the complex
context in which the Information Society has developed, and which has also been influenced
by the Information Society (Ferro, Dwivedi, Ramon, & Williams, 2008). The ICI approach
has two self-explanatory characteristics: integrated and contextual. The former means that the
Information Society as a whole is the subject, which advocates comprehensive, detailed and
in-depth analysis of the Information Society. The other meaning of integrated relates to the
method. The index integrates various indicators into a single-number index, with which we
have been familiar so far. On the other hand, it’s equally valuable that the approach takes
contextual settings into consideration. In particular, factors that are unique to a society’s
special context are included in the index. Weights are assigned based on the relevance of
these factors (Ferro et al., 2008), which, however, the approach falls short of explaining how
to measure. Therefore, it is suspected that impartially choosing contextual factors and
objectively weighting them still remain a challenge and may incur criticism.
The last index to be reviewed is the Data Envelopment Analysis Opportunity Index
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(DEA-OI). As an example, the index illustrates a middle way that independent researchers
often take when conducting their own research. It’s barely feasible, if not totally impossible,
for independent researchers to collect their own data, because data needs to be collected in
various countries and/or communities and collecting enough data requires efforts and
resources on a large scale. Instead, independent researchers rely heavily on ITU and other
international databases as their data sources, which acts as a double-edged sword. The data on
the one hand supports their research by providing empirical evidence but on the other
inevitably confines the scope of their research. The Data Envelopment Analysis Opportunity
Index (DEA-OI), as a tweaked version of ITU’s ICT Opportunity Index (ICT-OI), was
proposed by three independent researchers, Emrouznejad, Cabanda, and Gholami (2010). The
index is built on the same indicators as the ICT-OI, but it applies Data Envelopment Analysis,
which is a linear statistical technique, to the indicators before aggregation. This is also an
example which shows that advanced statistical tools have drawn researchers’ attention and
have been tried as an alternative to weighting.
2.5 Two problems of the existing measures
Measures of the Information Society tend to be technology-centric
(Pruulmann-Vengerfeldt, 2006). The core issue is that there is lack of an overarching theory
which guides measurement. Without a theory, the results tend to be more descriptive than
explanatory and predictive (Taylor & Zhang, 2007). They describe how much technology has
accrued, but are not able to explain neither why it should, nor what benefits it has brought to
the society and people’s lives. What we are left with is a sea of data in which researchers and
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policy-makers may drown. There has not even been any grounded theory, which can be a
solution to this problem. Rather than beginning with a hypothesis, grounded theory operates
in a reverse fashion. The first step is data collection, followed by coding and grouping the
data into categories, which form concepts and create a theory by linking the concepts (Martin
& Turner, 1986).
Despite the lack of a theoretical foundation, there has been a widespread perception
that the more widespread the technology, the cheaper the price, the better the society. This
view has been formed since technology was regarded as the prime initiator of change in
society. However, as Mansell (2002) pointed out, the benefits of the technology are assumed,
in most cases. “[T]hese technologies do not create the transformations in society by
themselves; they are designed and implemented by people in their social, economic and
technological contexts.” (Mansell & When, 1998). It is generally acknowledged that a society
is not exclusively driven by technology (Dutton, 1999). The state of technology, such as how
many computers we have, how many Internet connections there are, tells little about the
actual state of the society, which is its well-being. In order to get a better understanding of the
Information Society, we must go beyond measures of the deployment and diffusion of
infrastructure and devices, and investigate the socioeconomic context in which the changes
are taking place (Pruulmann-Vengerfeldt, 2006).
Therefore, the thesis is obliged to establish an overarching theory that analyzes the
Information Society in-depth, disassembles the concept and identifies its major components
besides access to infrastructure etc., summarizes the concept and builds up a theoretical
framework which can guide the construction of measurement models, data collection and
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analysis. Our ultimate goal is a healthy ecosystem of measurement of the Information Society
which is able to generate predictions and hypotheses that can be tested, which provides
feedback to the theory and makes corrections and amends, and which produces valuable
results for both self-evaluation and policy guidance.
The other problem is the method used to compute an index. All the aforementioned
indices are weighted composites, including ITU’s ICT Opportunity Index (ICT-OI) which still
used equal weights but changed the computation method slightly from an arithmetic mean to
a geometric mean. These indices aggregate large amounts of data collected from various
national and international databases into a single-number result and/or produce a table of
standings. In particular, the method first groups and weights the indicators either in an
arbitrary way or based on an undisclosed rationale which often involves expertise and
subjective opinions. It has become a standard approach to constructing an index, which has
its unsurpassed advantage of integrating a large number of composing indicators into an
easily understood format and makes comparisons easier across countries. Composite indices
are commonly used in a variety of economics and policy domains, such as industrial
competitiveness, sustainable development, quality of life assessment, globalization,
innovation, and academic performance (Munda, 2005; Grupp & Mogee, 2004). The
proliferation of composite indices is a sign of their importance in policy-making and
benchmarking (Granger, 2001). In principle, a composite index can be constructed according
to a linear aggregation rule as follows:

(2.1)
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where xi is a normalized variable and wi a weight assigned to xi. This formula
assumes compensability among individual indicators, which means that they can be
substituted for each other at fixed ratios (Munda & Nardo, 2009), which can influence
policy-making and operations in a negative way. For example, economic growth can
compensate for environmental pollution. Such compensability is often not desirable.
On the other hand, it suffers from serious methodological flaws and limitations
(Grigorovici, 2004). The procedure of the method is listed as follows. The first step is to
normalize indicators, which is necessary, for the indicators are in different units and
dimensions and need normalizing. After normalization, the resulting indicators are free of any
dimension. Second, rescaling the normalized indicators is needed. After the first step, the
indicators are probably still on different scales. For example, the range of one indicator could
be from 0 to 1, while the range of another from 50 to 100. Being on different scales still
makes it impossible to apply the same arithmetic operations to them. Rescaling produces the
standardized indicators not only without any dimension, but also on the same scale. Third,
after they are prepared and ready for the following steps, the indicators are assigned a
numeric weight apiece. If the indicators are grouped into categories or sub-indices, a weight
needs to be placed on each category as well. Nonetheless, as we have seen, weighting is
usually arbitrary and lacks theoretical backing. Finally, the value of an index is computed by
summing up the product of the standardized value of each indicator and its assigned weight.
The understanding of the detailed procedure of the method helps uncover its
disadvantages. First, a weighted composite by nature is incapable of reflecting the complexity
of the intricate relationships between indicators (Freudenberg, 2003). For example, a simple
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index, formulated as an arithmetic mean, implicitly assumes the substitutability of indicators.
The more comprehensive an index is, the more inadequately it may reflect the complexity
(Freudenberg, 2003). The procedure shows that an index is a generalization of its composing
indicators, on which the quality of the index relies heavily. Ideally, indicators should be
chosen based on a solid theoretical grounding, as well as on their analytical soundness,
availability, relevance, and relationship to each other. However, an index conceals these
issues rather than presents them transparently. To complicate things, high-quality indicators
do not necessarily produce a high-quality index (Freudenberg, 2003), while low-quality
indicators hardly generate any valuable outcome.
The selection of indicators without theoretical guidance inevitably involves bias,
and in many cases it is arbitrary (Freudenberg, 2003). It is observed that the indicators chosen
for the aforementioned indices have kept being used and dropped without justification. As a
result, these indices lack consistency, and thus are unable to produce compatible results over
a longer period of time. Additionally, a potential problem with indicator selection is
autocorrelation. Indicators in an index can be highly correlated with each other, which means
whatever they try to measure, they measure more or less the same thing again and again.
Autocorrelation can seriously lower the validity and quality of the index (Freudenberg, 2003).
Data availability poses a critical threat to indicator selection, and further to the
quality of an index. Even though a typical index has only roughly a dozen indicators,
high-quality data on these indicators may still be hard to get, especially in developing
countries and when the subject consists of over 100 countries. This dilemma often results in
trade-offs between a broader country coverage and lower quality of data, and vice versa. An
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index may have to end up including only the most accessible indicators and leaving out some
unavailable but valuable ones, as some have admitted.
Unfortunately, most of the aforementioned indices overlook contextual factors.
Even if some do not, contextual factors only account for a small fraction. The results can be
misleading and inaccurate. For example, a small country with one million citizens and a large
country with 100 times the small country are not comparable without considering their
relative sizes. Small countries face different problems than large ones, especially in regards to
their capabilities to exploit economies of scale and reach critical mass.
Last but not least, the quality of an index depends heavily on weighting. Results
can change dramatically from different sets of weights. We have seen that in almost all the
cases the arbitrary equally-weighted scheme of the composing indicators has been the
dominant method without sufficient justification.
2.6 Two research questions
Having identified the two problems with the present indices, this thesis attempts to
propose a remedy to solve them. As has been discussed, the first and foremost issue is the
lack of a theoretical foundation, without which we barely know what is to be measured, for
there is no definition and scope of the subject. It is always assumed that the aforementioned
indices measure the Information Society as a whole, which should touch on all the major
influential elements in the Society, and which unfortunately is not the case, for we have seen
that the indices heavily monitor infrastructure, access, and affordability, but keep ignoring
socioeconomic and contextual factors which interact with the Information Society.
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Additionally, without theoretical guidance, the indices have had to take an a posteriori
approach, by which they collect large amounts of accessible data, and select those that are
“relevant” to the Information Society. However, what is relevant is a subjective matter which
has lacked an explanation and theoretical backing for a long time. Without a solid theoretical
foundation as well as a scientific and systematic method, it is unlikely to present objective
and valuable research results, or even prevent or detect researcher bias, for under the present
framework it is barely unfeasible to manipulate data and yield desired results. Additionally, a
robustness and reliability check is the indispensible final step which unfortunately has been
missing from the existing indices. As we have discussed, there has been evidence that
different sets of weights produce different results. It is suspected that the indices would
hardly stand the test if there were one. This being said, the research questions of the thesis are
as follows:
RQ1: How to conceptualize the Information Society? Which theory is involved that
can support the conceptualization and establish a theoretical framework? Further, how to
operationalize the framework and derive concrete measures?
The core question the thesis attempts to answer is whether there is a theory which
can guide the measurement of the Information Society. Ideally, the thesis looks for a theory
that: a) defines the concept of the Information Society and delimits its components and scope,
b) identifies core constituents and establishes a conceptual framework that can guide the
measurement of the Information Society, c) proposes hypotheses and predictions which can
be tested and falsified, and which can provide feedback to the conceptual framework, d)
develops indicators and variables, and e) guides data collection and result validation.
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RQ2: What alternative/complementary methods can be utilized so as to improve an
index’s theoretical and statistical soundness, reliability and validity?
The other research question is what operational approach can better construct an
index. As has been discussed, the aforementioned indices are a simple weighted average of
their composing indicators, with equal weights assigned to each indicator, which is an
arbitrary decision and one of the most problematic steps in the computation. A composite
index is still the best choice on account of its insurmountable advantages. In particular,
reasons for preferring and actually choosing a composite index include: a) a composite index
is able to aggregate multiple dimensions in a simple manner into an easily understood format,
which makes it feasible for country-wise comparisons and streamlines policy-making; b) an
index produces a single-number value or a ranking, and has substantial ease of interpretation
over the use of multiple benchmarks; and c) quantitative rankings facilitate communication
with stakeholders in the countries (Foa & Tanner, 2012). However, despite these advantages,
the method to compute an index needs reconsidering and improving. Two critical issues with
an index are indicator selection and weighting. The former can be fulfilled by implementing a
theoretical foundation and establishing rigid research guidelines for indicator selection and
data collection, which can reduce researcher bias and improve research rigidity. On the other
hand, instead of arbitrary weights, the thesis presents an alternative approach to determining
weights by resorting to advanced econometric techniques, such as exploratory factor analysis
(EFA). The goal is to explore the intrinsic relationships between indicators, by which the
weights can be determined automatically and impartially. Besides statistical tools, a more
accurate and comprehensive weighting scheme should be achieved through the collaboration
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of theoretical guidance and expert opinions.
2.7 Summary
The ITU has been leading the research on measuring the Information Society for
two decades. It has published and updated individual indicators and composite indices on a
regular basis. What these indicators are and the way in which the indices are constructed have
been discussed. In the discussion, more focus has been put on the indices, for they take
various indicators into account and aggregate them simultaneously. Therefore, compared to
individual indicators, they are more comprehensive and more representative of the
Information Society, which is a multidimensional concept. In addition, the result that an index
produces is a single number, which makes comparisons across countries possible and easy. In
general, it is acknowledged that composite indices have been an effective and efficient tool to
measure multifaceted constructs (Freudenberg, 2003).
Meanwhile, we’ve seen that various institutions and researchers have followed the
ITU’s lead, and have contributed to the measurement of the Information Society.
Collaboration has been a key to development, for different organizations are specialized in
different social fields, without any of which, measurement of the Information Society would
be incomplete and inaccurate. The Partnership on Measuring ICT for Development is such an
example, where organizations and researchers share and collaborate while still concentrating
on their specialty.
Over the years, there indeed have been significant improvements in the indices,
with regard to their scope and representational ability. The Digital Access Index (DAI), which
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was the first index devised by ITU in 2003, consisted of the indicators that focused mainly on
access to infrastructure and affordability. However, over the years, the latest version of the
Networked Readiness Index (NRI) has already taken into consideration the socioeconomic
and political environment. It is believed that such improvements will continue as the way in
which the Information Society is viewed is constantly enriched.
However, our discussion of the existing indices uncovers their theoretical flaws and
methodological weaknesses. The core problem is the lack of a theoretical foundation which
guides measurement. Without a theory, measures of the Information Society tend to be
technology-centric (Pruulmann-Vengerfeldt, 2006), and results unexplanatory and
unpredictive (Taylor & Zhang, 2007). In addition, the way in which an index is constructed is
questionable. As the essential steps, indicator selection and weighting, as we have seen, are in
most cases arbitrary, without sufficient explanation and theoretical backing. Equal weights
are mostly used, which is an over-simplistic method that needs improving.
Accordingly, this thesis attempts to propose a solution to these problems. First, the
thesis tries to establish a theoretical foundation which can clearly define the concept of the
Information Society and which can build a conceptual framework that can explain the
concept in a way in which not only technology and infrastructure, but also socioeconomic
and contextual factors can be taken into account. Second, with the guidance of the theoretical
foundation, the thesis establishes rigid guidelines for indicator selection. Indicators should be
selected in accordance with the theoretical framework and in consultation with experts,
practitioners, policy-makers and ordinary information users. Additionally, instead of equal
weights, the thesis resorts to advanced statistical techniques, such as exploratory factor
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analysis (EFA) and data envelopment analysis (DEA), as an alternative to determining
weights automatically and thus reducing researcher bias.
In search of a theoretical foundation and methods, Chapter 3 explores measures that
have been used by the network industries to monitor their performance. The
telecommunications/information industry, as one kind of network industry, shares common
characteristics with other network industries, such as the electricity industry and the public
transportation industry. The measures which these other industries have used to monitor their
progress may shed light on measurement of the Information Society, and hence they are
worth examining.
3. The network industries
Most network industries, such as utilities and public transportation, have natural
monopoly characteristics (Coelli, Estache, Perelman, & Trujillo, 2003). Economic theory
indicates that if left unchecked, monopolies have the ability to exert their market power and
set prices above costs so as to restrict supplies and yield above normal profits (Green &
Rodriguez-Pardina, 1999). For much of the 20th century, the answer to this potential problem
generally involved two options: a) government ownership, or b) private ownership combined
with some form of cost-plus rate of return regulation, in which the regulated entity is allowed
to set prices so as to cover noncapital costs plus a fair rate of return on capital (Green &
Rodriguez-Pardina, 1999). The US telecommunications industry has historically favored the
latter approach, while most other parts of the world have chosen the former.
However, these two options can malfunction, due to lack of efficiency incentives,
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which can result in costs that are above those that would exist in a competitive industry. This
concern has yielded the recent development of new forms of regulation that seek to be
incentive compatible (Coelli et al., 2003), as well as dramatic reforms of the network
industries.
Stimulated by technological change and a pervasive deregulatory trend, the
network industries have been transformed all around the world (Carter & Wright, 1999;
Ceriani, & Florio, 2011). In particular, previous national monopolies have been privatized
and competition encouraged, which is similar to what has happened to the
telecommunications industry. In other words, the network industries have gone through more
or less similar and comparable changes. In addition, these network industries share various
characteristics. The main common characteristics of the network industries which distinguish
them include complementarity, compatibility and standards, network externalities, switching
costs and lock-in, and most importantly, heavy investment in infrastructure and significant
economies of scale in production (Shy, 2001). Particularly, network industries exhibit
increasing returns to scale in production: unit or average cost decreases with increasing scale
of production (Economides, 1996; Asquer, 2011). Incremental cost is in many cases
negligible, for example in digital downloads. Additionally, networks are composed of
complementary nodes and links, at least two but often many more of which are required to
deliver a service over a network (Economides, 2004b). Furthermore, a defining feature of the
network industries is network externalities, which is the key for the importance, growth, and
profitability of the industries (Economides, 2004b). These structural and economic
similarities justify similar management strategies and comparable measures of the industries’
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development, which hints that the measures that these industries have used to monitor their
progress may shed light on the measurement of the Information Society.
Measurement of the network industries is not a newly-emerging issue. As has
happened in the telecommunications industry reforms, to ascertain the relationships between
reforms and performance variations requires various performance measures. On the other
hand, measurement has been called for by incentive regulation, which can take various forms.
The most common form involves price cap regulation, which specifies the maximum rate at
which regulated prices may vary, after adjusting for inflation, over a period of time (Coelli et
al., 2003). In particular, these prices are usually set to increase at a rate equal to the rate of
increase in the consumer price index (CPI) minus a productivity offset, designated as X. Thus,
price cap regulation is often called CPI-X regulation. The value of X is derived from the
regulator’s assessment of the productivity growth in the regulated network industry (Orea,
2002). It cannot be stressed enough that X is a crucial variable, and to accurately measure X
is a complex but important matter in the outcome. To estimate X requires measurement of the
progress and growth of a network industry, and of each individual operator in the industry in
some cases. High quality data, optimal measures, and sophisticated methods have been
indispensably applied to accurately estimate the performance of the industry. Section 3.1
gives an overview of the measures of the network industries. Although the
telecommunications/information industry is definitely an example of a network industry, the
following discussion of network industries does not concern the
telecommunications/information industry, unless otherwise specified, for reasons that are to
be revealed later.
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3.1 Overview of measures of the network industries
Various measures of the network industries have been adopted in recent empirical
studies (Rungsuriyawiboon & Coelli, 2006; Atkinson & Halabi, 2005; Coelli, 2002; Meibodi,
1998). In their book, Coelli et al. (2003) wrote a detailed overview of the measures, which are
summarized and presented in Box 3.1.
Box 3.1. Performance measures of the network industries (Source: Coelli et al.,
2003)
Production frontier (or production function) is a function, y = f(x), which
describes the maximum output, y, that an operator can produce using any particular set of
inputs, x. Production functions are usually estimated using sample data on a number of
operators.
Technical efficiency (TE) is an operator’s capability to achieve maximum output
given its inputs. TE scores vary between 0 and 1. A value of 1 indicates full efficiency and
operations are on the production frontier. A value of less than 1 reflects operations below
the frontier. The wedge between 1 and its observed value measures technical inefficiency.
Technical change (TC, or technological progress) is the change in the maximum
output that can be achieved given two sets of inputs, x1 and x2, and is reflected in a shift in
the production frontier over time. This is often slow for utilities and public
transportation. However, the telecommunications industry is an exception, where
progress has been dramatic.
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Scale efficiency (SE) is a measure of the degree to which an operator optimizes
the size of its operations. An operator can be either too small or too large, which leads to a
productivity penalty that stems from not operating at the technically optimal scale of
operation.
Input mix allocative efficiency (AE) is an operator’s capability to select the
optimal mix of inputs so as to ensure that the input price ratios equal the ratios of the
corresponding marginal products which are the additional output obtained from an
additional unit of input. AE scores vary between 0 and 1. A value of 1 indicates full
allocative efficiency, while a value of less than 1 reflects operations below full efficiency.
The difference between 1 and its observed value measures allocative inefficiency.
Output mix allocative efficiency is an operator’s capability to select the
combination of outputs in a way which ensures that the ratio of output prices equals the
ratio of marginal costs which are the additional cost corresponding to the production of an
additional unit of product. An operator which is technically efficient, scale efficient, and
achieves input mix and output mix allocative efficiency, can maximize profits for a given
set of inputs and outputs.
Total factor productivity (TFP) is the ratio of output over input, y/x. In practice,
there is more than one input and output, when the calculation requires weights to be
specified, and an input index and an output index to be calculated separately beforehand.
The input index is defined as a weighted sum of all inputs, whereas the output index is a
weighted sum of all outputs. The weights are usually determined by price information. For

60

example, the weights which are assigned to inputs are based on cost shares, while those
assigned to outputs revenue shares. TFP is determined by TE, AE, SE and TC.
Cost efficiency (CE) is an operator’s capability to produce a particular output, y,
at minimum cost, given a set of inputs. CE = AE × TE. Therefore CE varies between 0
and 1, with a value of 1 representing full cost efficiency.
Cost frontier (or cost function) is a function, c = g(y, w), which relates the
minimum cost, c, that is required to produce a particular output, y, given a set of input
prices, w. The distance an operator is above the cost frontier reflects its cost efficiency,
which, according to the formula CE = AE × TE, results from AE and/or TE.
Distance function is a function, d = h(x, y), which measures the efficiency wedge
for an operator in a multi-input, multi-output production context. It is thus a generalization
of the concept of the production frontier.
The overview reveals that the recent development of measures of the network
industries has centered on economic variables, to which monetary values can be assigned
more easily. These measures are more applicable in the utilities and public transportation
industries, where the content that is transmitted, either water, electricity, or traffic, is
homogeneous, and thus can be metered and charged at a flat rate. Further analysis can be
carried out along economic guidelines. However, in contrast, information is a heterogeneous
good, which can take various forms of text, audio, or video that cannot be priced at the same
rate. As I have discussed in Chapter 1, some characteristics are unique to information goods,
which are non-rivalrousness and non-excludability and are not present in other products, such
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as water and electricity. Some information is indeed associated with a price. For example, a
song is priced at $1.29 on iTunes. However, there has been building a gigantic and ever
growing pool of information that has become a public good, and that is free of charge and
accessible to each individual who can utilize information. Therefore, for the information
network, its performance relies on its reach, reliability, and affordability. As we shall see
shortly, for the Information Society, it is information content that affects people’s lives, and
thus impacts the performance of the Information Society. Additionally, information content
requires intellectual processing, which the information network alone is unable to deliver and
which demands socioeconomic and educational support from society.
The most favorable measure of the network industries is total factor productivity
(TFP), which can be found in various studies (See & Coelli, 2013; See & Coelli, 2012;
Atkinson & Halabi, 2005; Kleit & Terrell, 2001; Scully, 1998; Weyman-Jones, 1991). As is
defined in Box 3.1, TFP is a straightforward performance measure which tells how much
output is achieved with each unit of input, for it is equal to the ratio of output over input.
However, more often than not, there are multiple inputs and outputs involved in the
operations of a network operator. For example, inputs may include labor and capital, which
have varying importance across operators. When this is the case, TFP is constructed as the
ratio of an output index to an input index. The linear weighting form of TFP is as follows

(3.1)
where am and bk are weights that reflect the relative importance of the various inputs and
outputs. Here, it appears that the input and output indices are calculated in a similar way as
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the indices which we have discussed in Chapter 2. Ym and Xk are indicators that are selected
to represent output and input respectively. Each of them is assigned a weight and aggregated
into a single number index. In addition, the calculation of total factor productivity often
encounters challenges and difficulties, which leads to a workaround. In particular, the total
factor productivity of an industry is defined as the real output produced by the industry over a
period of time divided by the real input used over the same period of time. However, it turns
out to be difficult, if not impossible, to measure the real output and real input, on account of
the heterogeneity of outputs and inputs (Diewert, 2000). On the contrary, it is feasible to
measure output growth and input growth between any two time periods. As a result, an index
can be constructed which aggregates a weighted average of the rates of growth of each of its
components over two periods of time and which produces a meaningful aggregate growth
rate (Diewert, 2000).
The network industries face the same problems as the
telecommunications/information industry in regard to measurement. First, how do we select
indicators? Second, how do we assign weights? Third, is a linear function appropriate or
should we choose another mathematical form?
Since total factor productivity (TFP) is an economic concept with a clear definition,
conducting research on TFP follows corresponding economic guidelines. Particularly, in
order to measure the TFP of an industry, it is necessary to have accurate price and quantity
information on all the outputs produced, as well as on all the inputs utilized. In principle,
outputs are gross outputs, which can be approximated by revenues. Inputs include labor
inputs, capital inputs, land and other inputs (Diewert, 2000). In practice, to calculate an
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accurate value of TFP encounters various challenges, which are described in Groth,
Gutierrez-Domenech & Srinivasan (2004), and Coelli et al. (2003). Most of these challenges
can be overcome by solutions which are derived from economic theories. For instance, as we
have discussed, TFP growth is a handy substitute for TFP, in order to solve the problem that
the real output and input are difficult to measure. Another example is the Solow residual,
which is a standard measure of TFP growth and used to describe empirical productivity
growth in an economy from year to year (Breton, 2013). It is equal to the output growth
which cannot be accounted for by the growth of the primary factors of production, i.e. capital
and labor. In particular, the Solow residual is constructed by subtracting the growth of the
primary inputs from the growth of outputs (Groth et al., 2004). A third example is that by
following the definitions and using mathematical derivations, the TFP change (TFPC) can be
decomposed into the product of three components: technical efficiency change (TEC),
technical change (TC), and scale efficiency change (SEC) (Grifell & Lovell, 1999; Balk,
2001). To sum up, the definition of TFP directs indicator selection and data collection in a
clear and straightforward way. If in practice it is impossible to acquire necessary data,
economic theories help develop workarounds which make use of available data, take a
different path, and reach the same destination.
The second issue concerns how to decide weights. In general, there are two choices:
market prices and shadow prices (Coelli et al., 2003). Market prices are those people must
pay for goods and/or services. For example, consider the case of a water supplier. Input prices
may include the wage rate per hour for labor and the rent for land and buildings. Output
prices could be the price per gallon for water supply. In contrast, shadow prices are derived

64

from the underlying production frontier, and are expressed in ratio form (Coelli et al., 2003).
For example, the ratio of the shadow price of labor to the shadow price of land and buildings
reflects the degree to which labor can be substituted with land and buildings, with output
levels held constant. The ratio in economics indicates the marginal rate of technical
substitution between inputs. Under conditions of perfect competition, shadow prices and
market prices are equal (Diewert, 2000). However, mostly they are not in reality, and a
certain amount of input mix and/or output mix allocative inefficiency exists, which may
result from the distortion of market prices due to regulations and/or price interventions, and
market failure.
Which prices are used as weights is determined by the choice of methods. In
general, there are three methods: price-based index numbers (PIN), stochastic frontier
analysis (SFA), and data envelopment analysis (DEA). The PIN method uses market prices,
while the latter two involve the estimation of a production frontier, and hence the use of
shadow prices derived from the estimated frontier (Rodriguez-Alvarez, 2000). The following
section discusses these methods in detail.
3.2 Overview of weighting and aggregate methods
There are three kinds of methods to determine weights:
z

Price-based index numbers (PIN)

z

Stochastic frontier analysis (SFA)

z

Data envelopment analysis (DEA).
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They can be categorized into two groups, based on the prices employed. The PIN method
utilizes market prices, while the SFA and DEA methods make use of shadow prices (Grifell &
Lovell, 1999). As with any method, understanding the instrument’s limitations is a
requirement for ensuring the credibility of its uses. A necessary condition for its effective use
is a good understanding of what each index hides and the extent to which it applies to what it
measures. As we shall see shortly, because market prices may vary during a period, shadow
prices are considered to be a better option for weights, for they are expressed in ratio form
and represent substitution between inputs or outputs, which is more stable than prices (Coelli
et al., 2003).
The PIN method is the sensible choice when the level of data availability is low
(Groth et al., 2004). Only comparable information on outputs and inputs for two end points in
time is needed: the base time or period 0, and the end of period or period 1. Once the data is
obtained, the only outstanding issue is how to assign weights which, as a natural choice, are
the market prices of outputs and inputs. The TFP growth from period 0 to period 1 can be
written as follows:

(3.2)
This expression assumes that the weights, which are market prices, are the same at
the two time points (Groth et al., 2004). However, market prices may vary during the period.
Now the question becomes: Should we use the base time prices or the end of period prices?
Using the period 0 prices produces a TFP change index, which is the ratio of a
Laspeyres output quantity index to a Laspeyres input quantity index, while using the period 1
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prices yields a Paasche index. Either choice is considered arbitrary. Therefore a middle way is
preferred, which is a geometric mean of these two indices, known as the Fisher index (Rushdi,
2000). Recently, there has developed a popular alternative, which is the Törnqvist index. The
difference is that it uses a translog technique. But the Törnqvist index still produces similar
results (Coelli et al., 2003).
These indices can be calculated with information provided by balance sheets on
cost and revenue shares of each input and output. However, data availability is a potential
threat to the calculation of a PIN index. Although outputs, such as volume of traffic, number
of kilowatt hours of electricity and gallons of water, are accessible on balance sheets, in
principle, data on inputs is barely convenient to obtain, because little breakdown of the data is
generally available on balance sheets, and thus it is cumbersome to discern which data comes
from labor, which from energy consumption, and which from overheads, unless strict
regulatory accounting rules are enforced, which is a rare case (Grifell & Lovell, 1999). To
solve the problem, as we have seen hitherto, economic theories play an important role in
developing a workaround which in this situation provides an indirect TFP index. The index is
defined by deflating total revenue and total costs by price indices, which is an approximation
and may introduce bias into TFP measures though (Balk, 2001).
The PIN method is useful when data is limited. But it cannot decompose TFP
growth further into components, as the SFA and DEA methods are able to do. The PIN
method is in various ways similar to the one used to construct the indices of the Information
Society we have discussed in Chapter 2. One of the similarities is that none of them uses
advanced statistical techniques. However, as we shall see later, the PIN method is still often
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employed in the empirical studies of the network industries. It is used as a reliability test,
altogether with the SFA and DEA methods
As we continue to delve into the methods, two main approaches, which are used to
construct production frontiers, emerge: data envelopment analysis (DEA) and stochastic
frontier analysis (SFA). Both methods require data on the input and output, in order to fit a
frontier over the top of these data points and measure technical inefficiency as the distance
between each data point and the estimated frontier. DEA uses linear programming methods to
construct the frontier, while SFA takes advantage of regression. Hjalmarsson, Kumbhakar,
and Heshmati (1996) pointed out that the difference in statistical handling leads to their
strengths and weaknesses. SFA is more capable of accounting for the effects of data noise,
and thus more suitable for datasets which have many missing data and errors. On the other
hand, DEA assumes that data is free of noise, so it requires data to be prepared and cleaned
up beforehand. In addition, SFA has a second advantage that enables standard statistical tests
such as t-tests, in order to test the significance of variables in the model, while this is
disallowed by DEA (Coelli et al., 2003). However, DEA has a couple of pros which are not
shared by SFA. First, DEA automatically determines a functional form for the production
frontier given a set of data, while SFA requires a function to be preset by researchers, for
example, logarithmic or translog. Second, DEA uses less complex algorithms to calculate the
estimated production frontier, and hence to set it up is easier than SFA. In addition, it uses
less computing resources so calculation is faster. In general, both methods are used as a
robustness and reliability test so as to see whether they produce similar results (Carrington,
Coelli & Groom, 2002).
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In particular, the DEA method produces a Malmquist index, which measures the
TFP change (TFPC) between two time points by calculating the ratio of the distances of each
time point relative to a common technology, which usually uses the period 1 technology as
the reference technology (Fare, Grosskopf, Norris & Zhang, 1994). Therefore, The
Malmquist TFP index is formulated as follows:

(3.3)
where D1(Y0,X0) indicates the distance from the period 0 observation to the period 1
technology, which is the reference technology. An alternative Malmquist index can also be
defined relative to the period 0 technology. Again, choosing any index is considered arbitrary.
Similar with the Fisher index, a middle-way solution is a geometric mean of these two indices,
which has been used by some researchers (Fare et al., 1994).
As has been discussed, TFP change (TFPC) can be decomposed into the product of
three components: technical efficiency change (TEC), scale efficiency change (SEC), and
technical change (TC) (Grifell & Lovell, 1999; Balk, 2001). On the one hand, this provides
one more alternative approach to calculating TFP change by computing its three components.
On the other hand, the decomposition allows a detailed analysis of the contribution of each
component to TFP change, i.e., changes in technology, technical efficiency, and scale
efficiency (Balk, 2001).
The SFA method can decompose TFP change in the same way as well. However,
when using the SFA method, researchers must choose a function for a cost frontier and a
production frontier respectively, as the method is unable to generate a functional form itself.
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These two frontiers can, and often do, provide differing results. The biggest differences occur
when there is a large amount of allocative inefficiency (Coelli et al., 2003). When this
happens, the estimates of the parameters of the frontiers are biased, and thus the efficiency
decomposition is also biased. The allocative inefficiency can result from regulatory
distortions, as well as various other factors, such as errors and unexpected market changes.
The last question is concerned with aggregation: whether a linear function can be
relaxed or not. Let’s revisit equation (3.1), which is:

(3.1)
where TFP is defined by the ratio of an output index to an input index. Both the output and
input indices are linear. They aggregate linearly across dimensions using a vector of weights.
We have been familiar with such indices since Chapter 2, where various indices of the
Information Society are discussed. Linear aggregation has been so widely used that a
composite index automatically implies that a construct is built by a linear combination of
constituting indicators (Bollen & Lennox, 1991). A clear advantage of a linear functional
form is its convenience, and the fairly small amount of data required. Most of the indices we
have discussed in Chapter 2 use only 10 to 12 indicators. The method is easy and
straightforward, which is the reason why it is so popular and commonly used.
On the other hand, the method is arbitrary and restrictive. It’s acknowledged that to
use a linear aggregation rule, the assumption that no uncertainty exists must always apply
(Munda & Nardo, 2009). In addition, the results are highly contingent on the choice of
weights: a slight variation in the weights may produce differing outcomes. Although there are
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plausible methods for selecting initial weights, none may be so convincing as to exclude all
alternative vectors of weights (Decancq & Lugo, 2013).
Given the restricted nature and weaknesses of a linear function, researchers who
study the network industries have sought more flexible functional forms. The most
commonly used function is a translog functional form, which requires the estimation of more
parameters but which does not have the restrictions and weaknesses of a linear function. Both
the DEA and SFA methods are applied in this way by taking a translog function (Coelli et al.,
2003). In the following section, measures and methods used in empirical studies on the
network industries are examined.
3.3 Empirical studies on the network industries
First consider the electricity industry. Reforms of the industry have occurred in
many countries, including both developed and developing countries (See & Coelli, 2013). In
general, the choice of which market liberalization structure to adopt is in part influenced by
the state of their economies and their development levels (See & Coelli, 2013). For example,
it is observed that developing countries, which have difficulties in financing the expansion of
the electricity industry on account of its capital intensiveness, resort to private sector
participation as a viable option to secure investment (Jamasb, 2002). This kind of strategy has
been applied to the telecommunications industry in some countries as well, for example, in
Argentina. It is evident that contextual factors play an important role in choosing the path of
reforms.
Similar to the early research on the impact of telecommunications reforms on the
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industry’s performance, which we have discussed in length in Chapter 1, researchers have
been conducting empirical studies to investigate the relationship between electricity market
reforms and the industry’s productivity, with mixed results. On the one hand, it is largely
believed that reforms of the electricity industry, such as increasing competition and
unbundling vertically, are capable of enhancing efficiency, which has been tested by various
empirical studies (Atkinson & Halabi, 2005; Rodriguez-Pardina & Rossi, 2000). Additionally,
other studies (Nagayama, 2009; Jamasb, 2002) also suggested that the unbundling of
electricity activities promotes competition which leads to potential cost savings. Kleita and
Terrell (2001) used Bayesian stochastic frontier analysis (SFA) to study cost efficiency of 78
US power plants operating in 1996, and found that efficiency rose immediately after
deregulation and restructuring of the electricity industry in the US. A more recent study by
Atkinson and Halabi (2005) showed that Chilean hydroelectric plants achieved improvements
in technical efficiency and total factor productivity (TFP) growth after privatization in 1985.
Therefore, market reforms can improve performance of the industry, provide a better service
and lower the price to the customers.
However, in contrast, Bishop and Thomson (1992) employed a weighted index
approach to estimate the total factor productivity (TFP) of the British electricity industry
from 1970 to 1990 but found no evidence of efficiency gains after the reforms. In addition,
Yunos and Hawdon (1997) used data envelopment analysis (DEA) and measured the
productivity of the electricity industry between National Electricity Board in Malaysia,
Electricity Generating Authority of Thailand and Central Electricity Generating Board in the
UK. They concluded that changes in ownership would not bring development to the industry
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without the existence of competition. Interestingly, similar findings can also be found in the
research on the telecommunications reforms as well (Wallsten, 2001), which further alludes
to the similarities between the two industries.
For the purpose of my analysis, there is no need to delve into the details of the
studies. It is sufficient for the thesis to investigate the measures of the electricity industry, and
the methods which have been employed. As we have discussed in the above sections, a large
part of measures of the electricity industry center on efficiency and productivity, which is at
the core of many of the standard responsibilities assigned to regulators (Coelli et al., 2003).
The most common instance in which a regulatory agency should be interested in measuring
efficiency is when implementing incentive-based regulation. This type of regulation, such as
price cap regulation, aims at promoting efficiency among operators. Regulators may also be
interested in implementing comparative efficiency evaluations to promote yardstick
competition. Indeed, as has been pointed out by Coelli et al. (2003), in most cases regulators
have multiple objectives, many of which have something to do with various aspects of
efficiency.
Particularly, in their study, Atkinson and Halabi (2005) focused on input and
employed three measures: input mix allocative efficiency, technical efficiency, and
productivity change. They used mathematical derivations in order to estimate these measures,
and applied stochastic frontier analysis (SFA) to the data so as to construct an estimated input
distance function, both in linear and translog functional forms. Similarly, Yunos and Hawdon
(1997) studied one aspect of economic performance, namely the efficiency with which
electricity was generated in Malaysia. The authors used a Malmquist index as a measure of
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total factor productivity change (TFPC), and applied data envelopment analysis (DEA) to
estimate a production function.
On the contrary, Nagayama (2009) concentrated on output, in particular electricity
prices, and used panel data from 78 developing countries for the period from 1985 to 2003. In
addition, he chose regression and used the ordinary least squares (OLS) method, in order to
investigate the relationship between prices and the selection of the liberalization paths. Kleit
and Terrell (2001) collected a 1996 data set of cost, output, and input prices for 78 steam
plants in the United States using natural gas as their primary fuel. Input was measured by the
wage rate for utility workers in the country where the power generating plant was located, the
average price of natural gas burned at each plant, the capital stock, taxes, overhead,
depreciation, and operating and management expenses. Output was measured by output in
megawatt hours and peak output in megawatts. They used an extension of stochastic frontier
analysis (SFA), which is Bayesian stochastic frontier analysis to calculate an estimated
translog cost function, on the assumption that monotonicity and concavity conditions were
met.
In addition, Bishop and Thomson (1992) conducted a comprehensive study on
various network industries in the United Kingdom, including British Airways, British Gas,
British Rail, British Telecom, British Electricity, British Post Office, and etc, for a period of
20 years from 1970 to 1990. They employed weighted composite indices for the output of
each industry, with the share of total revenue as weights. For example, particularly, in the
case of British Rail, output was measured by the weighted sum of indices of passenger miles,
net freight ton miles and loaded wagon forwarded for parcels traffic. Similarly, the weighted
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index for inputs was disaggregated into four components, including labor, capital, energy and
other inputs. The authors took one more step further to calculate the total factor productivity
for each industry, and the growth rates of output and labor productivity. However, they did
not apply any statistical techniques to the data, but only used descriptive statistics to illustrate
the trends.
Now move to the public transportation industry, in particular the railway industry.
By the end of the 20th century, the railway industry had been in dire straits, with the market
share ever shrinking at an alarming rate in Europe and many other parts of the world (Friebel,
Ivaldi & Vibes, 2010), in part because of increasing competition from autos, buses, airplanes,
trucks, waterways and pipelines. In countries with private railways, such as the US and
Canada, bankruptcies had been threatening to eliminate many services, while in countries
with state-owned railways, such as in Europe or the developing world, the subsidies required
to maintain service had become a serious burden on the state (Gómez-Ibáñez & de Rus, 2006).
In addition, surveys showed that customer satisfaction with the industry had been decreasing
(INRA, 2000).
In order to improve the situation, many countries have sought to increase the
efficiency of the industry through a variety of reforms, which include privatization,
establishing independent regulatory institutions, and providing access to the network to third
parties (Friebel et al., 2010), which is equivalent to introducing competition. The reforms are
in the exact same direction as the telecommunications industry, due to the fact that the idea
was inspired in part by telecommunications and electricity (Gómez-Ibáñez & de Rus, 2006).
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A notable feature of the railway industry is that it produces multiple products.
There are various types of passenger output and freight output. Due to data availability,
researchers tend to restrict output to two aggregate dimensions, passenger and freight (Cantos,
Pastor & Serrano, 2000). Measures of output, such as passenger miles and ton miles, are
commonly used (McGeehan, 1993). These demand-related measures of output adequately
reflect efficiency and productivity if there is little or no regulation (Oum & Yu, 1994), which
is a rare case. On the other hand, when there is a high degree of government intervention,
supply related or intermediate measures of output which place the emphasis on the degree of
capacity are more appropriate (Cantos et al., 2000).
In their research on the impact of vertical and horizontal separation on reducing
cost, Mizutani and Uranishi (2013) focused on input by analyzing costs including input factor
prices, labor price, energy/fuel price, material price, and capital price, and using a translog
cost function to estimate the total cost. They further studied the effect of vertical and
horizontal separation on the total cost, and found that horizontal separation reduces the total
cost of a railway, while the effect of vertical separation changes according to the train density
of a railway operator. With lower train density, vertical separation tends to reduce costs, while
with higher train density, it increases costs.
In an earlier study by Kim and Kim (2001), who analyzed the cost structure of
Seoul’s subway systems by using corrected ordinary least squares (COLS) to estimate a
stochastic translog cost frontier for a period over 23 years from 1976 to 1998, inputs were
measured by labor, energy/electricity, rolling stocks, and capital.
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Friebel et al. (2010) collected data from 11 EU countries over a period of 20 years
on both input and output. Output was measured by passenger kilometers and ton kilometers,
while input by the number of employees in each country, capital, and route kilometers which
measured the total size of the network for each country. The authors applied a linear
production function to the data and estimated a production frontier. Similarly, Lan & Lin
(2006) examined 39 world wide railway systems over a period of eight years from 1995 to
2002 where inputs were measured by the number of passenger cars, the number of freight
cars, and the number of employees, while outputs included passenger kilometers and ton
kilometers. Stochastic frontier analysis was employed to calculate two stochastic distance
functions: a stochastic input distance function with an inefficiency effect defined to evaluate
technical inefficiency, and a stochastic consumption distance function with an ineffectiveness
effect introduced to assess service ineffectiveness.
3.4 Summary
In this chapter, we examine the measures and methods used to monitor the progress
of the network industries, which share various economic, regulatory, and transformative
characteristics in common, such as complementarity, compatibility and standards, network
externalities, switching costs and lock-in, and most importantly, heavy investment in
infrastructure and significant economies of scale in production (Shy, 2001). In addition,
stimulated by technological change and a pervasive deregulatory trend, the network industries
have been transformed all around the world (Carter & Wright, 1999), and have gone through
more or less similar and comparable reforms as those which have taken place in the
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telecommunications industry, including privatization, introducing competition, and
establishing independent regulatory authorities. In the meantime, performance measures have
become a necessary and decisive issue, due to two primary reasons: a) to ascertain the effect
of the reforms on the change of productivity and efficiency of the industries, and b) to supply
incentive regulation with required information, the most common form of which is price cap
regulation and which is aimed at promoting efficiency and competition among operators
(Coelli, 2003).
We have reviewed a comprehensive list of performance measures of the network
industries, the most commonly used of which is total factor productivity (TFP), which is
equal to the ratio of output over input. However, these measures cannot be directly applied to
the measurement of the Information Society for the following reason. They are attached to
monetary values, since the content that is transmitted, either water, electricity, or traffic, is
homogeneous, and thus can be metered and charged at a flat rate. As a result, they follow the
general rules of economics.
Despite the inapplicability of these measures to the measurement of the Information
Society, the way the network industries measure their performance still throws light on the
measurement of the Information Society. First, they have a set of theories and rules to follow,
in particular economic theories and mathematical tools. As a result, there has formed a
symbiotic relationship between the theories and empirical research, such that the theories and
rules guide the research process, and research results arbitrate an evaluation of the
appropriateness of the theories, which is lacking in the measurement of the Information
Society. In addition, the theories and rules can produce alternative solutions to make use of
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available data and measure the performance, by working out workarounds and parallel
variables on which data is more accessible.
Second, in spite of the heterogeneity of information goods and a growing amount of
public information goods, monetary values of information should not be overlooked, and may
provide valuable insights into the Information Society. Some kinds of information have a
price, such as songs on iTunes, which are priced at $1.29 each. However, such price
information has never been incorporated in the measurement of the Information Society.
Indeed, there are difficulties in doing so. Unlike the songs on iTunes, most other kinds of
information do not possess a separate outstanding price tag, so long as the conduit used to
transmit them is paid for. For example, when broadband or mobile Internet is paid for, most
information online does not require any additional charge to users, since it is paid mostly by
online advertisers, and also by other sources of revenue, such as donations. Ideally, the value
of information can be determined by all the sources that pay for it, including monthly
subscription fees, advertisements, donations, etc. In practice, however, to estimate and assign
a price to information could be a cumbersome and difficult job that may involve bias and
arbitrariness. Nonetheless, the door should not be shut completely, in the hope that future
research may find a way to address the issue.
Third, bias may be reduced by combining the results from different sets of weights,
when different weights can be arrived at by different methods. We have already learned that
to calculate total factor productivity change (TFPC), either the period 0 prices or the period 1
prices can be used as weights, and thus two indices can be yielded, to choose either of which
is arbitrary. However, by taking a geometric mean of the two indices, a middle-way solution
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is reached in which bias is reduced. Similarly, weights assigned to indicators of the
Information Society can be drawn from different sources, such as expert opinions, and data
correlations. After different sets of weights are obtained, instead of arbitrarily designating one
set as the final weights, they can be synthesized and averaged before being assigned to
indicators.
Last but not least, the measurement of the Information Society should resort to
advanced statistical techniques, so as to incorporate the intrinsic relationships among
indicators and reduce researcher bias. Research on the network industries has already taken
advantage of statistical advances, such as employing data envelopment analysis (DEA) and
stochastic frontier analysis (SFA), with variations and extensions. On the contrary, for a long
time, in the practice of calculating an index of the Information Society, indicators have been
aggregated in a primitive way. Among all the indices which have been discussed in Chapter 2,
only one index, the Data Envelopment Analysis Opportunity Index (DEA-OI), applies data
envelopment analysis to the indicators used by the ICT Opportunity Index (ICT-OI)
(Emrouznejad et al., 2010). Therefore, a methodological breakthrough is called for, by
applying advanced statistical tools and restructuring the construction of an index. In addition,
a linear aggregation rule has been the only way to aggregate indicators, which remains
unchanged in this thesis even if some advanced statistical technique is in use, such as data
envelopment analysis (DEA). Although it may be a little early to consider this, for there are
more urgent issues which need to be covered, it would be important to think of whether a
linear functional form is sufficient and needs to be relaxed or not.
On the other hand, research on the network industries is scattered, and not as
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unified as the research on the Information Society, which can be both a good and bad thing.
The advantage of unified research is that efforts can be concentrated on the one same issue
and are unlikely to be duplicated and wasted. In addition, resources can be put together and
utilized more efficiently. However, unified research reduces diversity and eliminates
opposing opinions and viewpoints, which researchers should be alert to and avoid. Peer
review, being open to critique, and interaction with other fields and subjects can help ease the
problem.
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4. Theoretical and conceptual framework for measuring the Information Society
As has been discussed in the previous chapters, measures of the Information
Society tend to have an underlying philosophy of technological determinism (Webster, 2007).
They seek to identify the Information Society by counting phenomena which are assumed to
cause substantial changes to the socioeconomic order such as the diffusion of Information
and Communications Technologies (ICTs), the economic worth of information, and the
widespread deployment of infrastructure. As a result, when it comes to measurement,
measures tend to be technology-centric. It has been acknowledged that such measures may
pose a potential threat to their validity, that is, whether what they actually measure is what
they are designed and intended to. Duff (2000) pointed out that a typical formulation of
measurement simply concerns a mass of empirical data regarding technology applications in
the home or office, and then proceeds “without further conceptual ado to talk about the
Information Society (p. 235).” Subscribers to the philosophy keep collecting data on
technology and infrastructure, and then without a theoretical justification, they assert that
these quantifiables represent a transformation of the society, which has been coined the
Information Revolution (Webster, 2007).
Without a theoretical foundation that bases the Information Society in its
socioeconomic context, the Information Society is postulated to be a standalone concept that
is separate from the society. As a result, what we have been striving for is more bits of
information, more varieties of devices, more coverage of networks, faster speed of
communications, and cheaper prices, so much that this has directed our thinking and
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constituted the “the larger higher faster cheaper the better” theory. However, Roszak (1986)
pointed out that to most people the content of information and what it means to people’s lives
is of the essence. While it is scarcely negligible that there has been an ever-growing amount
of ICTs and information, it should also be realized that we need to take a step further and
investigate the effect of technology and information on people’s lives, so as to be able to find
the impact of the information explosion on society.
Information and technology have shaped people’s behaviors and society
dramatically. On the other hand, they have been shaped by people and society as well.
Research on the Information Society has focused too much on the technology side and
unilaterally studied the deployment of infrastructure and the diffusion of technology, while
overlooked the active agent - the people. This thesis proposes an alternative approach that
attends to how people make use of technology and how their lives are influenced by
technology and information by drawing on Maslow’s hierarchy of needs.
4.1 Maslow's hierarchy of needs
Abraham Maslow (1908 – 1970) was arguably one of the most influential
psychologists of modern times. In a survey carried out by Haggbloom et al. (2002), Maslow
was ranked the 14th most frequently cited psychologist in introductory psychology textbooks;
while according to various criteria, Maslow was proclaimed as the 10th most eminent
psychologist of the 20th century. The hierarchy of human needs outlined by Maslow (1954) is
one of his most enduring contributions to psychology (Koltko-Rivera, 2006). Though versed
in Freud, Maslow was repulsed by the negative implications of psychoanalysis and
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behaviorism for human potential, because of their focus on psychopathology (Maslow, 1970).
He responded by formulating a psychology that encompasses higher levels of human function,
which leads to a humanistic approach to psychology (Zalenski & Raspa, 2006).
Maslow (1954) attempted to synthesize a large body of research related to human
motivation. He postulated that each individual is an integrated and organic whole. Thus, a
theory of motivation must include the study of ultimate human needs and goals appropriate to
humanity’s full range of being. In addition, he asserted that the fundamental desires of human
beings are similar, and are shared across geographic, racial, gender, social, and religious
boundaries. His motivational scheme is listed in Table 4.1, which was originally constructed
to have two groupings of needs, deficiency needs – so called because their absence is highly
motivating – and growth needs. Maslow (1943) proposed the earliest and most widespread
version of Maslow’s hierarchy in which human needs are arranged in order:
It is true that man lives by bread alone – when there is no bread. But what happens to
man’s desires when there is plenty of bread and when his belly is chronically filled? At
once other (and “higher”) needs emerge and these, rather than physiological hungers,
dominate the organism. And when these in turn are satisfied, again new (and still
“higher”) needs emerge and so on. This is what we mean by saying that the basic human
needs are organized into a hierarchy of relative prepotency. (p. 375)
Table 4.1 An explanation of Maslow’s hierarchy of needs
Motivational level

Description of person at this level
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Self-actualization

Seeks fulfillment of personal potential

Esteem needs

Seeks esteem through recognition or achievement

Belongingness and love needs

Seeks affiliation with a group

Safety needs

Seeks security through order and law

Physiological (survival) needs

Seeks to obtain the basic necessities of life

The initial version of Maslow’s hierarchy includes only five motivational levels. In
addition to physiological needs, Maslow posited needs for safety, belongingness and love,
esteem, and self-actualization, in ascending order. The deficiency needs include esteem,
belongingness and love, safety, and biological and physiological needs. Within these needs,
each lower need must be met before moving to the next higher level. When it is denied,
however, attention quickly shifts to the lower need as the top priority (Huitt, 2007). This
original conceptualization included only one growth need of self-actualization. According to
Maslow (1954), an individual is ready to act upon the growth needs if and only if the
deficiency needs are met. Indeed, the fulfillment of the deficiency needs is considered a
prerequisite to such pursuit. Maslow described self-actualization in this way:
It refers to the desire for self-fulfillment, namely, to the tendency for him to become
actualized in what he is potentially. The specific form that these needs will take will of
course vary greatly from person to person. In one individual it may take the form of the
desire to be an ideal mother, in another it may be expressed athletically, and in still
another it may be expressed in painting pictures or in inventions. (Maslow, 1943, p.
382-383)
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This formulation still stands as a strong statement with regard to the structure of
human motivation, and has received broad support from research on the hierarchical structure
underlying human goals (Chulef, Read, & Walsh, 2001). Even many undergraduate textbooks
in psychology perpetuate this version of the model, with self-actualization at the top of the
hierarchy (Myers, 2003; Larsen & Buss, 2002). However, this configuration was not
Maslow’s final statement concerning the motivational hierarchy.
In the following years, Maslow (1969) developed compelling doubts about
self-actualization’s suitability as a motivational level, and surmised that in describing
self-actualization, he had contaminated that construct with notions that belonged to a higher
motivational level. He noted that some individuals have gone beyond self-actualization as a
salient motivation. Such individuals arrive at the top of Maslow’s new hierarchy of
self-transcendence, that is, such individuals seek a benefit beyond the purely personal and
seek communion with the transcendent, perhaps through mystical or transpersonal
experiences. They come to identify with something greater than the purely individual self,
and often engage in service to others (Maslow, 1969). An illustration of the updated hierarchy
is shown in Figure 4.1.

86

Figure 4.1 Maslow’s hierarchy of needs
Briefly, the first level is physiological needs, e.g. the needs for food, air, water, and
warmth. The second level is safety needs, which include security, stability, protection, and
freedom from fear, anxiety, or chaos. The third level is belongingness and love, which
involves giving and receiving affection. “When they are unsatisfied, a person will feel keenly
the absence of friends, mate, or children. Such a person will hunger for relations with people
in general – for a place in the group or family – and will strive with great intensity to achieve
this goal” (Maslow, 1970, p. 20). The fourth level of needs is esteem, which is fulfilled by
mastery of the environment and the prestige that comes from societal recognition. The fifth
level is the need for self-actualization, which entails maximizing one’s potential in life.
Living at this level can lead to peak experiences and even transcendence – the deep
connection with people, nature, or God, and the perception of beauty, truth, and the sacred in
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the world (Ventegodt, Merick, & Andersen, 2003). Such experiences become highly
motivating, and thus can lead to feelings of being enlightened.
In discussions of the limitations of the hierarchy, Maslow (1970) took pains to
stress that the hierarchy is a schema which is far from perfect. Needs can be partially fulfilled
at lower and higher levels. Inversions or reordering of needs for particular individuals at
particular turning points are not unusual. It is reminded that Maslow’s hierarchy of needs is a
framework for understanding and action rather than a rigid prescription governing all human
activities (Zalenski & Raspa, 2006).
Scholarship in social science and humanities also questions the usefulness of
Maslow’s hierarchy. Postmodern notions such as the politics of knowledge may suggest that
there are more accurate representations of contemporary cultural forces and dynamics of
motivation (Parry & Doan, 1994). Further, the discourse of how knowledge is legitimated, for
whom and for what purposes, challenges Maslow’s conceptualization of a universally shared
human nature (Foucault, 1982). Other researchers may consider Maslow’s theory to be
superseded by newer ones.
4.2 Adapting Maslow’s hierarchy to information
Despite these limitations, this thesis postulates that Maslow’s hierarchy of needs
can be adapted to information, and a theoretical framework can be derived from Maslow’s
approach and be used to direct the measurement of the Information Society. Maslow’s theory
provides an alternative lens through which the Information Society can be investigated in a
different fashion. The conventional way to measure the Information Society focuses on
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infrastructure and technology. However, as Carr (2003) pointed out, information technology
has become a commodity of sorts and therefore provides little significant advantage to the
society, which struggles to clearly articulate the value that is produced by information
technology. Whereas, Maslow’s approach throws light on new possibilities to bring attention
to information users, who are the active agents driving forward the evolution of the society.
Maslow’s theory offers insights into the motivations behind behaviors. People have
unsatisfied needs in almost every one of the hierarchy’s levels. Those who are homeless, for
example, are focused on the most basic physiological needs, while others on safety. In order
to satisfy each level of needs in Maslow’s hierarchy, information is a necessity. Information is
a symbol or a set of symbols that has the potential for meaning and reducing uncertainty
(Faibisoff & Ely, 1974). In addition, information assists in decision-making. The level of
needs has implications for what kind of information is requested. In the past, humans
survived by successfully applying their senses to collect, store, and make use of information
about their environment and taking appropriate actions.
It is beyond question that people do need information. Nehnevajsa (1965) pointed
out that the question is not whether people need information, for they do. Rather, the issue is
whether information available to them is of the right kind and quality and quantity, of
acceptable accuracy, and of appropriate timeliness. These criteria can still be applied to our
current information environment, which is characterized by a proliferation of information and
a multiplicity of methods for accessing information.
Norwood (1999) transformed Maslow’s hierarchy into the kinds of information a
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person seeks at different levels of needs. In particular, people at the lowest level seek coping
information, in order to meet their basic survival needs. Information that is not directly
connected with helping meet the needs is simply left unattended. People at the safety level
need helping information which assists them to understand how they can be safe and secure,
and be protected from physical endangerment. Enlightening information is sought by
individuals seeking to meet their needs for belongingness, caring, love, and relationship.
Empowering information is sought by people at the esteem level, who are looking for
information on how their egos can be developed. Finally, people at the growth levels seek
edifying information which addresses cognitive, aesthetic, and transcendence needs. This
theory tallies with the uses and gratifications approach, which is audience-centered and useful
for understanding why and how people actively seek out specific information from mass
media to satisfy specific needs. Clearly, people cannot live without information. People have
needs for information, and these information needs form a hierarchy too. A hierarchy of
individual’s information seeking strategies is shown in Figure 4.2.

Figure 4.2 Hierarchy of individual’s information seeking strategies (Source:
Norwood, 1999)
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Some researchers have taken a further step and adapted Maslow’s theory to the IT
business environment. Aimed at understanding, comparing, and articulating the progressive
value of IT to business organizations, Urwiler and Frolick (2008) proposed an IT value
hierarchy, which is based on and bears a resemblance to Maslow’s hierarchy of needs. The
structure is shown in Figure 4.3. The components of the IT value hierarchy are not dissimilar
to those of Maslow’s hierarchy. Further, like Maslow’s theory, the levels of needs are grouped
into two categories: Commodity IT and Innovative IT. At the foundation of the hierarchy is
the need for IT infrastructure and connectivity. People at this level have the need for access to
communication networks that are functional and able to connect them with other people of
their interest. Like Maslow’s hierarchy, the satisfaction of the basic infrastructure and
connectivity need is the foundation for one’s advancement to higher levels in the hierarchy,
while the absence of lower level needs can cripple one’s ability to realize higher level needs,
and can bring attention quickly to these unsatisfied lower level needs.
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Figure 4.3 IT value hierarchy (Source: Urwiler & Frolick, 2008)
The second level of needs is stable and secure IT infrastructure and connectivity,
which corresponds to the counterpart in Maslow’s hierarchy. Technology and infrastructure
must be available in a consistent and predictable manner, for the interruption of information
flow is considered as a negative effect on the business flow (Urwiler & Frolick, 2008). When
the second level of needs is satisfied, businesses often desire enriched and integrated
information, in order to fully realize the power of information in the society and focus on
making sound decisions. To accomplish this, the society must work in an integrated fashion.
IT becomes an interface for cross-functional technology solutions and a catalyst for
collaboration and evolution in the society. As an organiztion moves to higher levels, it
delivers a higher level of inspired and innovative thinking (Urwiler & Frolick, 2008). The
authors further pointed out that many business organizations are reasonably satisfied with
reaching the third level of needs, which then becomes the level of maturity (Urwiler &
Frolick, 2008). Not all businesses strive for the highest level of maturity. Any level can be the
level of maturity depending on particular requirements and specific contextual conditions.
When those three levels of information needs are met, the need for competitive
differentiation emerges. Business organizations achieve a recognized level of competitive
differentiation and competitive advantage through the use of innovation of information
technology. Information becomes an integral part of the business. Not only is it an enabler of
efficient productivity, but also a means of leap-frogging the development of the business. The
highest level of needs leads to the establishment of a completely new social order, and
substantial changes in human history. New paradigms can be developed and established
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through the use of IT, and can fundamentally change the way the society functions. For
example, the rise of ebooks as an educational tool, is promising to revolutionize academics’
and students’ book-buying behaviors and change the way they learn (Chou, Stu, Lin, & Hsieh,
2010).
Adapting Maslow’s approach to information paves the way and leads us to the
construct of information needs, which is a complex term. People need information to survive,
and the society needs information to function properly. The term information needs has
become an umbrella under which a variety of interpretations fall. In retrospect, the first
publications studying information needs appeared in the first decades of the 20th century.
However, it was not until the 1960s that the first studies emerged which investigated the
information-seeking process from the users’ perspective (Taylor, 1968). The 1980s witnessed
a change in the approach to information needs and uses studies, which can be described in
two phases (González-Teruel & Abad-García, 2007). The first phase of scholarship focused
on requests made by particular groups of users, whose aim was to obtain data which would
determine patterns of information use and to apply the patterns to other groups. This phase of
research was criticized for its limited focus, and the fact that the results produced were rarely
capable of improving information systems (Brittain, 1982).
The second phase is considered as a reply to the limitations. Researchers began to
reconsider the need for information, and build theoretical and methodological foundations
that were oriented towards users instead of information systems which had been the focus
(Dervin & Nilan, 1986). Therefore, subsequent studies were more concerned with
understanding information-seeking behaviors of users, who are interacting with their
93

surroundings, rather than concentrating on transactions between a user and an information
system (Hewins, 1990). A fundamental characteristic of this user-oriented approach was the
introduction of qualitative assessment, which has resulted in greater knowledge of user
interaction with information and which has facilitated more complete and effective research
by means of triangulation (Wang, 2001).
In general, information need is an individual’s desire to locate and obtain
information to satisfy a conscious or unconscious want. The “information” and “need” in
“information need” are interconnected and inseparable. In addition, it can be considered as a
generic concept, consisting of two components that address information demands and
information wants respectively. The term information demands refers to the requirements that
may be vocal or written, analog or digital, and made to an information system (Brittain, 1970).
Information wants is a broader concept. In some cases it is interchangeable with information
demands. In other cases, information wants is either a felt but unexpressed need, perhaps
because there are not enough details about the need to translate it into a demand, or an unfelt
need. Once the distinction between information demands and information wants is clear, this
thesis narrows down the concerns merely to those information demands and wants which are
felt and expressed.
4.3 Well-being and satisfaction of needs
In 2008, the British government received a major report on “Mental Capital and
Well-being”, which was prepared by a distinguished commission (Foresight Mental Capital
and Wellbeing Project, 2008). In 2009, former French President Nicholas Sarkozy established
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an equally distinguished commission to report on ways to measure the well-being of an entire
population (Stiglitz, Sen, Fitoussi, 2009). More recently, British Prime Minister David
Cameron commissioned his country’s official statistics agency to devise an index aimed to
measure national well-being, as a complement to Gross Domestic Product (GDP). Gross
National Happiness (GNH) was a term coined by Bhutan’s fourth Dragon King in 1972, and a
namesake index has since been used as an indicator which measures quality of life and social
progress in a more holistic and psychological way than only the economic indicator of GDP.
What is well-being? The nature of well-being is one of the most enduring and
elusive subjects of human inquiry. As was pointed out by Bradburn and Caplovitz (1965),
despite the numerous publications on well-being, there has been no generally accepted
definition for it, nor well-defined procedures for assessing it. Well-being can often be found
to be interchangeably used with welfare, quality of life, happiness, and life satisfaction,
without clear distinction. Generally speaking, well-being is the condition of an individual or a
group’s social, economic, psychological, spiritual, and medical state. It is mostly commonly
used in philosophy to describe what is non-instrumentally or ultimately good for a person
(Crisp, 2013). However, what is good for a person is not universally applied and depends on
the contexts. Thus, there have developed various schools which investigate “good for” from
different perspectives, such as cognitive well-being, affective well-being, spiritual well-being,
subjective well-being, and etc.
In general, well-being includes economic well-being, which is such an important
component that in many cases well-being has even been equated with the material position of
a person, measured by income, or of a country collectively, measured by Gross Domestic
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Product (GDP). The corresponding link between income and well-being rests on the
assumption that income allows increases in consumption, and further consumption increases
utility. As a result, such thinking suggests that life circumstances, particularly income and
employment, have a lasting effect on well-being. It is implied that people can improve their
well-being by increasing their income, and that policies aimed at increasing the income of
society can lead to greater well-being. It has long been postulated that if income increases
considerably, well-being moves in the same direction (Pigou, 1932).
However, there has been disagreement on how increases in consumption represent
improvements in well-being (Conceicao & Bandura, 2008). It is scarcely questionable that
well-being extends economic conditions to the enjoyment of civil liberties, relative freedom
from crime, enjoyment of a clean environment and individual states of mental and physical
health (OECD, 2001). In addition, income and GDP have their own shortcomings, for they
have significant limitations as a measure of economic output. On the one hand, GDP excludes
non-market household activity such as parenting and activities such as conservation of natural
resources that contribute to future well-being through net additions to the capital stock of
society (OECD, 2001). On the other hand, GDP includes goods and services which
jeopardize well-being, and for which a term “regrettables” has been coined. Pollution, crime,
and divorce are such examples. Despite the flaws of economic measures, they are still the
first choice for well-being, given that they are mature, widespread, readily available and
reliable (McGillivray & Clarke, 2006).
However, there have been efforts to move beyond GDP by conceptualizing
well-being in a more holistic way. Recent scholarship has turned away from the pure
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economic focus and tended to encompass broader socioeconomic dimensions such as social
and environmental aspects, democracy and human rights (Sumner, 2006). It has been widely
recognized that well-being is a multidimensional concept which addresses various parts of
human life (McGillivray, 2007). One of the approaches is to monetize social and
environmental aspects that are not counted in GDP, which inevitably encounters
disagreements on and difficulties in quantifying social life, such as to determine the value of
leisure and the cost of pollution (Conceicao & Bandura, 2008). Another popular approach to
looking beyond GDP is to replace GDP by constructing composite indices, which capture
multiple dimensions of well-being, and thus offer societal and environmental information
beyond the economic status (Conceicao & Bandura, 2008). Measures such as education,
health, environment, empowerment and participation have been incorporated. However, the
disadvantage of the approach is the quality and availability of data, which makes
cross-country comparisons nearly impossible (Sumner, 2006). One of the first attempts to
construct such an index was in the late 1970s when the Physical Quality of Life Index (PQLI)
was created. The index combines infant mortality, life expectancy and adult literacy (Morris,
1978). In the 1990s, another influential index, the Human Development Index (HDI), was
built by the United Nations Development Programme (UNDP). The index takes into account
income per capita, life expectancy, adult literacy, and education enrollment rations (UNDP,
2007). And the latest such effort was done by the Stiglitz-Sen-Fitoussi Commission in 2009,
which is to be reviewed in detail in the upcoming section.
The philosophical use of the term “well-being” encompasses both the positive and
negative aspects of how one’s life goes. Therefore, well-being usually depends on a wide
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range of factors, both positive and negative. The negative factors are things which should not
be done to people, such as murder, arbitrary confinement, pollution, etc, while the positive
factors include things that should be present to people, which at the most basic level include
the physical necessities of life, such as water, food, air, and warmth, and the goods and
materials to sustain ordinary everyday life, such as clothing and shelter. At higher levels, the
factors are social, such as security, interaction with other people, affection, and personal
fulfillment (Seligman, 2012). It is postulated that the states of well-being correspond to the
levels in Maslow’s hierarchy.
The positive factors can be translated to needs. People have low well-being, or even
can hardly live if their basic needs are not satisfied. Needs are necessary to well-being.
Without them, well-being is vitiated. Feinberg (1973) pointed out that needs are essential to a
person’s well-being. Someone who does not have needs will find it difficult, if not impossible,
to function as a person. However, there has long been a debate on what needs are necessary.
There has been an absolute view of needs, opposed to a relative view. Advocates of the
absolute view argue that needs apply irrespective of social circumstances or conditions
(George, 1988), whereas those of the relative view assert that it depends on the contexts in
which needs take place. People need food, water, and shelter to survive. However, the way in
which these things are provided and acquired is determined by the contexts one lives in. For
example, what constitutes food depends on what it is acceptable to eat. Pork is not classified
as food for the Muslim population. Sen (1983) pointed out that there may be a core list of
absolute needs. However, the materials which are needed, and the characteristics of the
materials, are contextually determined.
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For ordinary people, needs go beyond survival. The most essential needs include
security, interaction with other people and forming relationships. The United Nations has
sought to develop a concept of basic needs, which extends basic subsistence to incorporate
social needs, such as education and health care (United Nations, 1990). It is not unusual that
what people need extends far beyond the minimum necessities for survival. Some higher
needs are socially constructed.
In order to survive and thrive, plants require soil nutrients, water, sunlight, and
certain atmospheric conditions. Without any of these in proper amount, a plant will
eventually wither and die. Similarly, humans must satisfy certain needs to survive and thrive,
and obtain a certain level of well-being. Besides the basic physiological needs, research
suggests that at least four more needs appear to be crucial. The extent to which they are
satisfied determines one’s well-being (Sheldon, Elliot, Kim, & Kasser, 2001). The first need
is to be safe and secure, to be protected from physical and psychological endangerment, and
to have sufficient resources to maintain life. In addition, according to the self-determination
theory, some fundamental needs do not vary much in their importance for different people or
across different cultures, which has been supported by the evolutionary perspectives that
focus on the universal and species-typical features of human nature (Deci & Ryan, 2000).
Second, people need to be competent and efficacious. Low well-being often results when
people believe that they are either unable to successfully do the things they care about or that
they are generally unworthy (Kasser, 2010). Well-being is further increased when the third
need for relatedness or connection with other people is satisfied, for humans are social
animals who require love and intimacy but struggle under conditions of loneliness, rejection,
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and exclusion. Finally, people have a need to feel free and autonomous, choosing their own
behavior rather than feeling coerced by internal or external pressures.
Satisfying needs feels good. In other words, there are natural satisfactions to be
found in the process of exercising one’s competencies to move towards desires (Sheldon &
Elliot, 1999). Need satisfaction has been found to contribute to the experience of heightened
psychological and physical health in a variety of domains (Sheldon & Niemiec, 2006).
Studies have shown that when people’s needs for autonomy and competence are satisfied,
they have greater well-being, or need satisfaction (Deci & Ryan, 2002). To sum up, it is
hypothesized that the satisfaction of needs leads to enhanced well-being.
4.4 The Stiglitz-Sen-Fitoussi model (the SSF model)
The Commission on the Measurement of Economic Performance and Social
Progress (the Commission) was created at the beginning of 2008 through a French
government initiative. As has been noted, increasing concerns have been raised about the
adequacy of current measures of well-being. Reflecting on these concerns, former French
President Sarkozy created the Commission to investigate the issue. The Commission was
composed of three leading experts and economists, Dr. Joseph E. Stiglitz, Dr. Amartya Sen
and Dr. Jean-Paul Fitoussi.
The Commission’s mandate was: 1) to identify the limitations of GDP as an
indicator of social progress and well-being, 2) to consider what additional information might
be required for the production of more relevant indicators of social progress and well-being, 3)
to assess the feasibility of alternative statistical tools, and 4) to discuss how to present the
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statistical information in a more appropriate way (Stiglitz et al., 2009), on account of the
observation that:
“[T]hose attempting to guide the economy and our societies are like pilots trying to steer
a course without a reliable compass. The decisions they (and we as individual citizens)
make depend on what we measure, how good our measurements are and how well our
measures are understood. We are almost blind when the metrics on which action is based
are ill-designed or when they are not well understood. For many purposes, we need better
metrics (Stiglitz et al., 2009, p. 9).”
Another key message that the Commission conveyed was that the time is ripe for
the measurement system to shift attention from measuring economic production to measuring
people’s well-being. And measures of well-being should be put in the context of sustainability.
However, such changing emphasis does not mean dismissing GDP and production indicators
completely. Despite deficiencies, our metrics of production have developed for decades and
become mature. Thus, they continue to provide valuable information to many important
questions. Well-being is as important because there appears to be an increasing gap between
the information contained in aggregate GDP data and what counts for common people’s
well-being (Stiglitz et al., 2009). We are standing at a transition point.
According to the Commission, to measure well-being requires working towards the
development of a measurement system that complements indicators of market activity with
measures which are centered on people’s well-being, and which capture sustainability. Such a
system must, of necessity, be plural, for no single indicator can summarize something as

101

complex as the well-being of society. It must encompass a range of different aspects. The
issue of aggregation across dimensions, however, is subordinate to the establishment of a
broad measurement system that captures as many relevant dimensions as possible (Stiglitz et
al., 2009).
The concept of well-being was central to the Commission’s discussions.
Well-being is a multi-faceted concept, which has long been limited to economic and
psychological factors. Studies have suggested mixed results towards the link between
material conditions and well-being. Easterlin (1973) pointed out that there is no evident
correlation between economic development of a society and the well-being of its members. In
contrast, however, by examining a wide array of countries, Stevenson and Wolfers (2008)
concluded that there is a clear positive relation between well-being and GDP per capita across
countries. The mixed results further confirm that well-being is a multidimensional concept,
for it cannot be unilaterally determined by economic status. Sen (1987) regarded well-being
as such a concept which depends not only on goods and services that people achieve, but also
on various attributes they enjoy as citizens, such as democracy and freedom of speech.
The Commission proposed a model that identifies eight key dimensions to be taken
into account when measuring well-being. These eight dimensions, which are required to be
considered simultaneously, include:
1) material living standards,
2) health,
3) education,
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4) personal activities including work,
5) political voice and governance,
6) social connections and relationships,
7) environment, and
8) security, of an economic as well as physical nature (Stiglitz et al., 2009).
All these dimensions contribute to people’s well-being. However, many of them are ignored
by conventional economic and psychological measures of well-being.
The Commission further pointed out that the measure of well-being must
incorporate subjective self-reports and perceptions, as well as an objective measurement of
the extent of people’s choices and their capacity to choose from among these choices the life
they value. It is acknowledged that both objective and subjective factors play an important
role in the measurement of the eight dimensions of well-being listed above. Therefore, these
dimensions should be addressed through both objective and subjective measures (Stiglitz et
al., 2009).
In order to operationalize the model, the Commission further identified ten
objective indicators along the eight dimensions, which include:
1) personal income, consumption and wealth,
2) mortality and morbidity,
3) educational enrollment, graduation rates, years completed, standardized test
scores and expenditure on education,
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4) time spent on personal activities including paid and unpaid work, commuting,
and leisure time,
5) conditions of housing,
6) political voice (freedom of speech, dissent, and association) and governance
(corruption, accountability, democracy, universal suffrage, and non-citizen rights),
7) social connections (volunteer work, civic engagement, and the amount, nature,
and breadth of connections generally),
8) environment (ecosystems’ health, access to environmental resources, individual
exposure to pollutants),
9) personal security (crime, accidents, natural disasters), and
10) economic security (job security, illness and health issues, and global economic
trends) (Stiglitz et al., 2009).
They also established three subjective constructs of well-being, which can be quantified and
measured by:
1) happiness and satisfaction,
2) positive emotions such as joy and pride, and
3) negative emotions such as pain and worry (Stiglitz et al., 2009).
The Commission suggested that each of them should be measured separately to
derive a more comprehensive understanding of well-being. Quantitative indicators of these
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subjective constructs hold the promise of not just delivering an accurate understanding of
well-being per se, but also revealing of its determinants and reaching beyond people’s
material conditions (Stiglitz et al., 2009).
4.5 Definitions of well-being, information needs and information well-being
The previous sections have outlined the relationships between general needs and
information, and between general well-being and the satisfaction of needs. This thesis
attempts to take advantage of these concepts that have been supported by theories and
underpinned by research, and to suggest a perspective that is user-centered. Drawing on
Maslow’s hierarchy of needs, theories of well-being, and the Stiglitz-Sen-Fitoussi model, the
thesis proposes a concept of information well-being that can be used to direct the
measurement the Information Society.
Well-being is a broad concept. It has been utilized in various situations and for a
variety of purposes. It has been defined in various ways, either direct or indirect, either
objective or subjective, either general or domain-specific terms (Paim, 1995). In particular,
Ringen (1988) defined well-being in direct terms, as welfare that deals with intrinsic goods
such as consumption and quality of life. In contrast, well-being was defined by Paim (1995)
indirectly by disposable resources, such as income. In objective terms, well-being is defined
as reflection of the sum of income and expenditure; while subjective perceptions of
satisfaction with and happiness in life, constitute a subjective definition of well-being
(Michalos, 1983). General definitions of well-being start from satisfaction of people’s needs
and happiness in life as a whole, which encompass satisfaction with various dimensions of
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life (Michalos, 1983). In contrast, domain-specific well-being focuses on only one aspect. It
is postulated that from these traditions of defining well-being, information well-being should
be defined as a domain-specific concept, for it concentrates on the state of utilization of
information, which has penetrated into every single activity of human life, though. Therefore,
as Sen (1987) pointed out, no matter what the situation and purpose is, researchers should not
sacrifice all the richness of the concept, in order to devise something simple and easy-to-use.
Magrabi, Chung, Cha, and Yang (1991) defined well-being as “a state of health,
comfort and happiness that results from (among other things) the consumption of goods and
services” (p. 14). They referred to consumption as the use of commodities by households,
which meets people’s needs and realizes utility. Consumption is composed of acquisition, use,
and disposal of tangible and intangible resources. Similarly, Squire (1991) defined well-being
as a product of many factors including adequate consumption of goods and services, security,
health, status, and achievement, which roughly correspond to the satisfaction of each level of
Maslow’s hierarchy of needs. What these two definitions have in common is that well-being
is a result of consumption. This thinking is representative of a number of well-being studies
which use consumption instead of resources as the basis on which to define well-being.
Compared to the most common way of defining well-being by income, consumption is a
more reliable and satisfactory indicator, for consumption is closer to the satisfaction of
human wants than income. Moreover, it better correlates with the movement of permanent
income (Paim, 1995).
The thesis follows these lines of defining well-being, and defines information
well-being as a state of comfort and happiness derived from satisfying information needs,
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through attaining, processing, and utilizing information. The state of comfort and happiness is
the result of the satisfaction of information needs, which have distinct levels. The foundation
of information needs is infrastructure, connectivity, and affordability of ICTs. Infrastructure is
the totality of interconnected information networks, equipment and devices. Connectivity
refers to information flow. The role of advanced ICTs in facilitating information exchange is
manifested in the way information flows faster, more generously and less expensively
throughout the world (Ahmed, Islam, Hasan, & Rahman, 2006). It is barely difficult to find
that infrastructure and connectivity constitute the focus of the existing indices of the
Information Society, as has been discussed in Chapter 2.
The next level of information needs is information security. The Committee on
National Security Systems (CNSS, 1994) defined information security as the protection of
information and its critical elements, including the systems and hardware that use, store, and
transmit information. A more comprehensive definition, however, should also encompass the
protection against interruption and failure of information networks, as well as the protection
against unauthorized access to, use of, and disclosure of information. Perrin (2008) pointed
out that information availability, integrity, and confidentiality are the core principles of
information security. For any information system to serve its purpose properly, information
must be available when it is needed. This means that the information systems which store and
process information, and the channels, either wired or wireless, that transmit information
must function properly. Integrity refers to maintaining and assuring the accuracy and
consistency of information over its entire life-cycle (Boritz, 2011). It suggests that
information cannot be modified without authorization. Information confidentiality is relevant
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to preventing the disclosure of or unauthorized access to information, which is crucial to
protect people’s privacy.
After information is available and flows securely, the next level of information
needs is information quality. The consequences of low quality information are experienced in
everyday life (Batini & Scannapieco, 2006). For example, the late or mistaken delivery of a
letter may result from an error in the address information. Data quality has far-reaching
significance for the efficiency and effectiveness of the Information Society. Low quality
information is presumed to have a negative impact on information well-being and the Society.
It is roughly estimated that information quality problems cost US businesses more than 600
billion dollars a year (The Data Warehousing Institute, 2005). The Internet has made
judgments of information quality a cumbersome task due to the lack of quality control
measures (Rieh, 2002). Thankfully, the awareness of information quality has grown rapidly
on account of the critical role played by the quality of information in the Information Society
(Madnick, Wang, Lee, & Zhu, 2009).
When high quality information is delivered to individuals securely, the next level of
information needs is enlightenment. At this level, information users receive the information,
and cognitively process it. The cognitive information processing theory suggests that when
the users attend to information, they encode the information and relate it to their knowledge
in memory (Driscoll, 1994). If the information is new to them, learning takes place as the
information is transformed, processed, and stored as new knowledge in memory (Schunk,
1996). Literacy, prior knowledge and experiences are the key determinants of enlightenment.
On the other hand, if the information is solely for entertainment purposes, gratifications are
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achieved at this stage (Chung, & Austria, 2010).
The highest level of information needs is information empowerment. It is reported
that rather than owning and controlling information, people very often find that they have lost
control of it (The Economist, 2010). At this level of information needs, people are able to
control their information and turn it into a tool that expands their capabilities. Information
empowerment enables people not only to solve everyday problems, in particular to meet their
most basic and higher needs, but also to promote civilization and drive forward the society.
Therefore, social participation and inclusion are an integral part of information
empowerment.
Democracy is a moderating factor at all the levels of information needs. Our
concept of democracy has been molded by history. Classical democracy is defined as political
power wielded actively and collectively by people (Ober, 1993), which indicates power to the
people. It champions the right to freedom in both personal and public life, and recognizes the
right to diversity of thoughts and practices within society. On the other hand, it acknowledges
laws that prevent interference with another’s freedom (King, 2006). In a democracy everyone
has the right to speak up and initiate something to improve society, such as introducing a new
law or getting rid of an old law. Therefore, a democracy is participative. The thesis postulates
that information democracy inherits this classical thinking, but develops new meanings which
are specifically related to the Information Society. In particular, first of all, people should
have equity in access to, and transmission of information. Second, people should be able to
share and discuss information openly and free of interference. Third, information should be
governed by the people. Harmful information should be restricted. Finally, information
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should be transparent. It should be clear as to where information comes from, and what has
been done to it. Moreover, information needs cannot escape from being shaped by the
socioeconomic context, which has an overarching effect not only on all the levels of
information well-being, but also on information democracy. Democracy, on account of its
significance to the Information Society, is singled out from the other socioeconomic factors,
which affect people’s general well-being. It is posited that these factors also influence
people’s information well-being, indirectly, however. Particularly, the socioeconomic context
encompasses economic conditions, marital status, race, education, employment, age,
religiosity, and etc (Clark, Diener, Georgellis, & Lucas, 2008). The structure of information
needs is illustrated in Figure 4.4.
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Figure 4.4 Proposed hierarchy of information needs
It is further postulated that information well-being is the satisfaction of information
needs. The next higher level of information needs becomes apparent and intense until being
satisfied when a lower level information need is met. As we have seen, theories of well-being
suggest that when people’s needs are met, their well-being state will be improved, at least for
a short term (Diener et al., 1999). As higher levels of information needs are met, people’s
information well-being state grows. However, it is unfeasible to investigate information
well-being directly, due to the issues with measuring well-being which have been mentioned
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in the above sections. Instead, information needs offer a solution to estimate information
well-being. In other words, information well-being can be operationalized by information
needs, which is to be discussed in detail in the upcoming chapter.
4.6 Summary
This chapter proposes a theoretical and conceptual framework of the Information
Society, by drawing on Maslow’s hierarchy of needs, theories of well-being, and the
Stiglitz-Sen-Fitoussi model. Maslow (1954) postulated a hierarchy of needs which originally
included five motivational levels of human behavior. Well-being is the condition of an
individual or a group’s social, economic, psychological, spiritual, and medical state. It is
mostly commonly used in philosophy to describe what is non-instrumentally or ultimately
good for a person (Crisp, 2013). Theories of well-being suggest that when people’s needs are
met, their well-being state will be improved, at least for a short term (Diener et al., 1999). It
can be derived, thus, that when higher levels of needs in Maslow’s hierarchy are satisfied,
people’s well-being state is improved.
When applying Maslow’s theory to information, researchers find that information is
a necessity in order to satisfy each level of needs in the hierarchy (Nehnevajsa, 1965).
Following Maslow’s hierarchy of needs, studies have established similar hierarchies of
information value and seeking strategies (Norwood, 1999; Urwiler and Frolick, 2008). The
uses and gratifications approach and the social learning theory can also help understand why
and how people actively seek out specific information to satisfy specific needs. The thesis
further posits a hierarchy of information needs for the Information Society, and that the
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satisfaction of information needs leads to information well-being, which is the construct on
which the framework is built. Information well-being is a state of comfort and happiness
derived from satisfying information needs, through attaining, processing, and utilizing
information. It is hypothesized that as higher levels of information needs are met, people’s
information well-being state grows.
However, it is not possible to look into information well-being directly, for we have
discussed the problems with measuring well-being. Instead, the hierarchy of information
needs provides an alternative way to estimate information well-being. The next chapter
operationalizes information needs and establishes a methodological framework for measuring
the Information Society.
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5. Methodological framework for measuring the Information Society
This chapter continues the investigation of measurement of the Information Society,
by operationalizing the conceptual framework which is proposed in Chapter 4, and
establishing a general empirical framework that can be used to direct indicator and data
selection, and the way in which the data is processed and aggregated.
The previous chapter proposes a new starting point and perspective for measuring
the Information Society – information well-being, which is defined as a state of comfort and
happiness derived from satisfying information needs, through attaining, processing, and
utilizing information. The supreme goal of the development of the Information Society
therefore is to improve people’s information well-being. In return, the level of information
well-being becomes criteria in determining how mature and developed an information society
is. In addition, information well-being is an indispensible constituent of general well-being,
for information is a necessity to satisfy all kinds of people’s needs, from the most basic
physiological needs to the highest needs of self-actualization and transcendence. As a result,
the practical role that the Information Society plays should be defined as to provide fast,
accurate and secure information when it is needed, which further improves people’s
information well-being state and contributes to their general well-being. Illustrated in Figure
5.1 are the links between Maslow’s hierarchy of needs, well-being, information well-being,
the proposed hierarchy of information needs, and the Information Society.
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Figure 5.1 Links between Maslow’s hierarchy of needs, well-being, hierarchy of
information needs, information well-being, and the Information Society
In particular, there are two ways to measure general well-being. One is to collect
and aggregate data on a range of different aspects of people’s lives which are considered as
determinants of well-being. As the Commission on the Measurement of Economic
Performance and Social Progress (Stiglitz et al., 2009) pointed out, a well-being measurement
system must be plural, complement indicators of market activity with measures which are
centered on people’s well-being, and capture sustainability. The Human Development Index
(HDI) developed by the United Nations Development Programme (UNDP) is an example of
such an approach. It takes into account four areas of people’s lives: income per capita, life
expectancy, adult literacy, and education enrollment ratios (UNDP, 2007), which are
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considered as core aspects of people’s lives.
The other way to measure general well-being is by self-report, which is the single
most common form of well-being assessment (Sandvik, Diener, & Seidlitz, 1993). In
particular, questionnaires are handed out to research participants, asking for ratings for their
well-being state on a Likert scale. A variety of such measures have widely been used. For
example, both the Delighted-Terrible (D-T) Scale (Andrews & Withey, 1976) and the
Fordyce Happiness Measure (1997) are comprised of single-item, face-valid inquiries into
well-being, such as “How do you feel about how happy you are?” with responses ranging
from “delighted” to “terrible”, and “In general, how happy or unhappy do you usually feel?”
with responses ranging from “extremely happy” to “neutral” to “extremely unhappy”. Stiglitz
et al. (2009) also suggested that a measure of well-being must incorporate subjective
self-reports and perceptions, in order to complement other objective measures of well-being
and produce more accurate results.
However, there has long existed considerable skepticism in the social sciences with
regard to the validity and interpretation of self-reports in general, and unfortunately there is
more rather than less of it in the study of well-being (Nisbett & Wilson, 1977). One reason is
that society imposes strong norms concerning the social desirability of happiness. To claim to
be happy may be the assertion of success in our society, and to admit unhappiness might be
the worst summary of failure in life that one could concede. The other reason is that the mood
at the time of answering the questions may affect the answers significantly. Such influence
has been recorded by Diener, Sandvik, Pavot, and Gallagher (1991). As a result, self-reports
cannot be accepted automatically as valid, but have to be interpreted artifactually.
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These approaches and rules can be borrowed and applied to information well-being
assessment. Both quantitative and qualitative techniques should be used to investigate the
inquiries and find new boundaries. Specifically, to measure information well-being requires
an objective evaluation of the determinants that have been found theoretically or empirically
to influence people’s information well-being state. There has been an ever-growing pool of
data collected by information service providers, statistics bureaus, watchdogs and regulatory
authorities on the overall level of development of the Information Society. Most of the data,
as we have already discussed, is centered on infrastructure, deployment and hardware. The
data provides substantive insights into various aspects of the Information Society, including
access, affordability, speed, security, and quality, which have an immediate impact on
people’s information well-being, and therefore should be incorporated in the measurement
system. Unlike subjective data, such data already exists and can be retrieved easily. The data
is on the national level in most cases, quantitative and representative of the entire population.
On the other hand, to measure information well-being needs to incorporate
subjective self-reports as well, the collection of which focuses on designing questionnaires
and protocols, and developing interviews and focus groups. Whichever method is in use,
qualitative data is drawn from a small sample of participants who live in the Information
Society. A measurement system that is designated to measure the Information Society is
incomplete and inaccurate without such subjective data, for they provide valuable knowledge
that cannot be gained through the objective data. Table 5.1 compares subjective data with
objective data. It is noticeable that these two kinds of data have little in common. Each of
them throws unique light on the same problem from a different perspective. They cannot
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replace each other; nor can they validate each other in most cases, although in some situations
they do overlap and can verify each other’s results.
Table 5.1 Comparison between subjective and objective data
Subjective data

Objective data

Type of data

Qualitative/quantitative

Quantitative

Source of data

A small sample

The whole population

Scope of data representation

Local/regional/national

National

Coverage of issues

Almost everything

Access, price, speed, quality,
security

Reliability and validity

Low reliability, but can be

High reliability, but for some

valid

data, validity is low

Next, the concept of information well-being needs to be operationalized in order to
be measured. It is barely feasible to operationalize information well-being in a
straightforward manner, for the way information well-being is defined does not unearth its
components. However, as we have discussed in Chapter 4, it is postulated that each level of
information well-being can be estimated by the satisfaction of the corresponding level of
information needs. As a result, the proposed hierarchy of information needs can be used as an
intermediate construct to measure information well-being. Thus, a society’s information
well-being state can be roughly translated to the highest level of information needs that the
society is capable of satisfying, when conditions allow. The structure of information needs is
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illustrated in Figure 4.4.
The information needs in order from lowest to highest are connectivity, security,
quality, enlightenment, and empowerment. Besides, there are two moderating factors:
democracy and socioeconomic environment. Although democracy arguably belongs to
socioeconomic context, it is separated from other socioeconomic factors so as to emphasize
its importance and its close relevance with the long-standing issue of the digital divide.
These levels of information needs and the two moderators are the components of
information needs, the satisfaction of each of which corresponds to a level of information
well-being. The lowest level of information well-being is achieved when the most basic
information needs of connectivity are met, after which security becomes the primary need;
the rest can be deduced by analogy. A society may not have the incentive to pursue the
satisfaction of the highest level of information needs, for in a business environment research
showed that many business organizations are content to reach the third level of the IT value
hierarchy (Urwiler & Frolick, 2008), which is discussed in Chapter 4. As companies move to
the higher levels, they require a considerably high level of inspired thinking from executives
as well as a culture that cultivates innovation. This finding may be extended from a business
environment to the whole society, although this requires further verification.
Following the conceptual framework and guidelines that have been set out, this
chapter discusses in detail the criteria for indicator selection and data collection for each
component of information well-being. But first, some general rules for selecting indicators
need to be discussed.

119

5.1 General criteria for indicator selection
There have been some established criteria for selecting indicators. In his report to
the United Nations Environment Programme (UNEP), Schomaker (1997) pointed out that
indicators should be SMART: specific, measurable, attainable, relevant and traceable. This
suggests that indicators should be clearly defined, be able to be measured in qualitative or
quantitative forms, be achievable in terms of data sources, be closely related to the issue at
hand, and be sensitive to changes over time. Although they are intended to devise
environmental indicators, these criteria can also be used to select indicators in other fields.
The following breakdown and questions may be helpful in choosing indicators.
z

Specific

z

Is it clear what is being measured exactly?

z

Do the indicators capture the essence of the problem in question?

z

Do the indicators capture differences across various aspects of the
problem?

z

z

Are the indicators sufficient to measure progress towards the result?

Measurable

z

Are the indicators clearly defined and reliable?

z

Will the indicators detect change? Are changes verifiable?

z

Are the indicators sensitive to changes over time?
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z

z

Do the primary stakeholders agree on what to measure?

Attainable

z

Are there sustainable data sources that provide reliable data for the
indicators?

z

z

z

Is the data cost-effective?

z

Is the data updated and measured sufficiently frequently?

Relevant

z

Are the indicators representative of the problem at hand?

z

Are the indicators valid in terms that they measure what they claim to?

z

Are the indicators plausibly associated with the research objectives?

Traceable

z

Can the indicators be cross-checked?

z

Are the indicators sensitive to changes over time?

z

Are the indicators robust?

z

Do the indicators have a proven track record?

Similarly, Roche (1999) developed the SPICED criteria for selecting indicators in
the business context, which is also an acronym standing for subjective, participatory,
interpreted and communicable, cross-checked and compared, empowering, and diverse and
disaggregated. Detailed explanation of the SPICED criteria is shown in Table 5.2.
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Table 5.2 The SPICED criteria for indicator selection
Criterion

Explanation

Subjective

Informants have a special position or experience that gives
them unique insights which may yield a very high return on
the investigators time. In this sense, what others see as
‘anecdotal’ becomes critical data because of the source’s
value.

Participatory

Objectives and indicators should be developed together with
those best placed to use them. This means involving a project's
ultimate beneficiaries.

Interpreted and

Indicators may not mean much to outsiders who may have

communicable

interest as well, so they often need explaining clearly.

Cross-checked and

The validity of indicators needs to be cross-checked, by

compared

comparing different sets of indicators, and by verification and
peer review.

Empowering

The process of selecting indicators should be empowering in
itself and allow groups and individuals to reflect critically on
their changing situation.

Diverse and disaggregated

There should be a deliberate effort to seek out indicators from
a wide range of aspects.
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Source: Roche, 1999
In addition to the SMART and SPICED criteria, the National Research Council
(2000) proposed one of the most extensive lists of criteria, which includes general importance,
conceptual basis, reliability, temporal and spatial scales of applicability, statistical properties,
data requirements, robustness, international compatibility, and costs, benefits and
cost-effectiveness. In other words, indicators should bear on a fundamental and widespread
change, have a strong scientific basis, have a proven track record, provide insights at the right
spatial scales and within appropriate time-frames, pass the necessary statistical tests, have
available and accessible data for the indicators, be relatively insensitive to interference and
errors, be compatible with indicators developed elsewhere, and finally, yield more benefits
than costs.
Moreover, the Convention on Biological Diversity (1999) suggested that indicators
should be quantifiable and significant, be user-driven so as to be relevant for the target
audience, be scientifically credible, be responsive to changes in time and/or space, be easily
understandable and interpretable by large audiences, have data available that can be collected
within realistic capacity and time limits, and be related to socioeconomic context. Riley
(2000) argued that indicators should be applicable to situations and different scales of
measurement, be repeatable and reproducible, be sensitive to change, be operationally simple
and inexpensive, be comparable and compatible with historical data, and have a broad
international scope. Finally, the European Environment Agency (2005) identified eight
criteria for their core set of indictors: Policy relevance, progress towards policy targets,
understandability of indicators, availability of routinely collected data, spatial coverage of
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data, temporal coverage of data, and national scale and representativeness of data, and
science-focused, which means whether indicators are methodologically well founded.
The literature review suggests that in general there emerge three major types of
criteria for indicator selection. The first type of criteria assesses the importance of indicators
by judging the extent to which they are significant, useful, relevant, and representative
(Brooks & Hanafin, 2005). Importance in this context is determined by how well the
indicators reflect the issue for which they were selected. It is not uncommon that certain
indicators have been widely considered as important. For example, in Chapter 2, we have
seen some indicators appear more frequently than others across all the indices, such as “fixed
telephone lines per 100 inhabitants”, “mobile cellular telephone subscriptions per 100
inhabitants”, and “percentage of households with Internet access”. These indicators have
existed for a long time, and have been studied extensively and evaluated carefully for their
validity (Aalto et al., 2010). As a result, including these indicators in a measurement system
is usually a safe harbor. They have broader acceptance than those that have not been studied
very much, and they are more likely to make accurate findings and reach confident inferences.
Nonetheless, this criterion does not exclude new or less frequently used indicators, provided
that the inclusion of such indicators is well justified and founded, and open to being tested
and falsified.
The second type of criteria is that indicators must be practical in terms of data
availability, feasibility, cost efficiency, and timeliness. One of the main obstacles to indicator
selection is the lack of available high quality data. If the data for an indicator is unavailable,
or it contains many errors, or part of the data is missing, the indicator is usually eliminated, or
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replaced by an alternative, which may be less relevant and representative, as we have seen in
the case of constructing an index to measure the Information Society. When selecting
indicators, it is essential to take into account the current availability of data, as well as how
much data will be available in the future from both our own collection and outside sources.
Moreover, another factor to consider is the costs associated with data collection, which
should be affordable and worthwhile. In many cases, there is a tradeoff between cost
effectiveness and data quality, which is a tough question faced by researchers who have to
make a decision.
The last type of criteria is by and large technical, in relation to validity, reliability,
sensitivity, consistency, robustness, comparability, and interpretability. First, an indicator
should measure what it claims to measure and is not confounded by other factors. Second,
data for the indicator should vary only to a minor degree, regardless of who collects it. Third,
an indicator should quickly reflect changes in the aspect of the construct that it measures.
Fourth, an indicator should have no contradiction in itself over a period of time. Fifth, an
indicator should be resistant to errors produced by deviations from assumptions. When the
assumptions are approximately satisfied, the indicator is still asymptotically unbiased, or only
generates reasonably small bias. Sixth, an indicator should allow comparison over time and
from one geographical area to another. Finally, an indicator should be easy to understand, and
easy to communicate between broad audiences. Table 5.2 provides a breakdown of these
three broad types of criteria, and the meaning of each criterion.
Table 5.3 Indicator selection criteria
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Criterion

Meaning

1. Important
1-a. Significant

In order to reach a parsimonious set of indicators, indicators
should contribute to the results to a large extent (Ministry of
Social Development, 2008). Any trivial indicator should be
eliminated from a measurement system when detected.

1-b. Relevant

Indicators should provide insights into research objectives and
help guide policy-making (Pollard & Lee, 2002). They are
irrelevant without reference to the research objectives or
policy-makers’ needs. Consequently, results can be persuasive
to readers and policy-makers.

1-c. Depth, breadth and

This also means comprehensive coverage. Indicators should

duration

assess the Information Society across a broad array of aspects,
components, and influences (Hauser, Brown & Prosser, 1998).
Indicators that investigate only one or few domains provide
incomplete and potentially biased results.

1-d. Balanced

So that no single aspect dominates the index (Blachman &
Lukacs, 2009). Otherwise, results would be biased and
inaccurate.

1-e. Representative

Indicators should be representative of large segments of the

126

population rather than one particular group (Blachman &
Lukacs, 2009). In general, indicators of the Information
Society reflect progress at a national level.
1-f. Evidence-based,

Evidence-based indicators are needed across all domains of an

underpinned by

index (Zeitlin et al., 2003). Research should develop

research

evidence-based and testable models, involving a nuanced
understanding of the context and mechanisms. In addition, the
evidence base that underpins the indicators should also be
robust and resistant to errors.

1-g. Recognized by

Indicators should be studied extensively and their importance

scholarship

is acknowledged in the literature (Commission for Children
and Young People and Child Guardian, 2012).

1-h. Reflective

Indicators should allow tracking progress in meeting national,
regional, and local goals of the Information Society (Murphey,
2004).

1-i. Forward-looking

Indicators should be constructed now that anticipate future
and provide baseline data for subsequent trends (Hauser,
Brown & Prosser, 1998).

1-j. Persuasive to

Indicators should be well justified with a sound rationale, and

policy-makers

be able to produce convincing and coherent results
(Ben-Arieh, Hevener-Kaufman, Bowers-Andrews, Goerge,
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Joo-Lee, & Aber, 2001).
1-k. Challenge the

There is no doubt that the field of developing indicators of the

stereotypes that were

Information Society is going through rapid evolution,

obstacles to evolution

accompanied by substantive changes in the Society, from
fixed to mobile, from narrowband to broadband, from
one-way mass communication to two-way, and etc. Both
traditional and new forms of telecommunications cannot be
underestimated and need respective measures to capture their
essence (Ben-Arieh et al., 2001). It seems appropriate to
maintain a dual perspective, one that catches up with all the
emerging technologies as well as one that honors the past.

2. Practical
2-a. Available,

This means achievable and feasible. Required data for an

accessible and

indicator should be able to be retrieved and collected, either

retrievable

first-hand or second-hand, from a sustainable data source.
Non-available data should have to find alternatives, or even
eliminate the indicator.

2-b. Aggregatable

Indicators should be able to be aggregated, and be as
aggregated as possible (Al-Yaman, Bryant, & Sargeant, 2002).
Quantifiable indicators should be able to be standardized and
normalized. Qualitative data should be able to be translated
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into a quantitative form.
2-c. Able to be

Indicators should be capable of finer breakdown to show

disaggregated

variation by group, region, and socioeconomic context
wherever feasible (Ministry of Social Development, 2008).

2-d. Cost efficient

Indicators that are affordable while covering the problem in
question are preferable (Aalto et al., 2010). The principle is
that the amount of data required to adequately report on
condition and change in condition should be collected with all
the available resources.

2-e. Measured and

Indicators should be monitored and updated regularly so they

updated regularly

can show trends over time and meet the timeliness criterion
(Blachman & Lukacs, 2009).

2-f. Replicable

Indicators should be defined and measured clearly, and should
produce coherent results, regardless of who carries out the
research (Ministry of Social Development, 2008).

2-g. Timeliness

Indicators should be up to date. Data should be collected with
sufficient regularity to allow assessment of progress, and to
allow responses to emerging issues (Department of Health,
2013).

3. Technical
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3-a. Interpretable

Indicators should be readily understandable to broad
audiences. They should have a clear, normative meaning
(Al-Yaman, Bryant, & Sargeant, 2002).

3-b. Accurate

Indicators should be unambiguous, and provide precise
information on what they claim to measure (Ben-Arieh et al.,
2001).

3-c. Comprehensible

Indicators should be easily and readily understood by broad
audiences and by the public (Ben-Arieh et al., 2001). Even if
some indicators are built in a sophisticated way, their
fundamentals should be communicated clearly, precisely and
concisely.

3-d. Reliable

Indicators should produce the same results regardless of who
collects data.

3-e. Valid

Indicators should precisely represent the problem in question.
They should measure what they claim to measure and not be
confounded by other factors.

3-f. Consistent over

Indicators should have the same meaning and use the same

time

method across time (Howell, Howell & Gipson, 1998). Any
interruption would affect their comparability negatively.

3-g. Independent

Indicators should not be correlated with each other. Those that
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are relatively independent are preferable, while the extent to
which they are correlated should be recognized and explained
(Aalto, 2010).
3-h. Comparable

Indicators should be able to be compared with themselves
over time, and with other indicators. In general, indicators of
the Information Society are internationally comparable.

3-i. Robust

Indicators should be insensitive to small deviations from the
assumptions (Huber & Ronchetti, 2011).

3-j. Rigorous methods

Coverage of indicators should be complete or high. Data
collection procedures should follow rigid protocols and be
consistent over time (Howell, Howell & Gipson, 1998).

3-k. Statistically sound

Indicators should be able to be tested by statistical methods
and pass necessary statistical tests (Brown, 2009).

Apart from the criteria listed in Table 5.2, additional indicator and data selection
rules include that the selection process should be subjective and participatory, which are
borrowed from the SPICED criteria. It is barely possible to eliminate subjectivity and
researcher bias completely. Therefore, to recognize the limitations of the indicators and
subjectivity is as important as rigorously following the criteria as much as possible. On the
other hand, participatory means that indicators should be developed in collaboration with the
primary stakeholders who are in the position of using and assessing them. The selection
process should always involve those whom the research is aimed at serving.
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Moreover, it is beyond question that indicator selection should be contingent on the
socioeconomic context. In many cases, we have seen that the same indicators are used
repeatedly for different groups of nations and regions, while in others, specific indicators
have been composed in order to adapt to distinct circumstances.
Note that to apply these criteria needs to be sensible and practical. No single
indicator would satisfy all the criteria equally well. Therefore, indicator selection is
determined through a holistic assessment of validity and practicality. In addition, indicator
selection is an iterative process, in which it is necessary to build collaboration between
researchers, partners, and primary stakeholders. It should take several steps including
proposing indicators, following the research objectives and indicator selection criteria and
assessing the indicators one by one, narrowing down the list and discussing it with the
stakeholder, before finalizing the indicators.
Also note that not all the criteria are equally critical, or deserve the same priority.
Which criteria should receive more attention and deserve higher priority depends on the
research objectives and the circumstances under which the research is carried out. It
inevitably incorporates researchers’ and stakeholders’ judgment as well. In principle, this can
be determined based on deliberative processes, in which people in various positions identify
those criteria that most directly bear on their goals. In other words, different types of research
with different objectives may serve distinct purposes, and use different sets of criteria to
finalize different indicators.
Both quantifiable and qualitative indicators should be used to address the
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Information Society and the structure of which they are a part. They should be grounded in
theory and research that meet the tests of valid and reliable measurement (Moore, 1997). The
final selection of indicators in various domains should also be guided by principles
concerning the purpose and scope of the measuring and monitoring process as well as the
accuracy of the results (Ben-Arieh et al., 2001). The following sections provide potential
indicators to measure each of the components of information needs.
Part of the potential indicators that are able measure the components of information
needs is drawn from Handbook for the Collection of Administrative Data on
Telecommunications/ICT 2011, Measuring the WSIS Targets: A Statistical Framework 2011,
and the indices that have been discussed in Chapter 2. These indicators are a major source for
indicator selection for any research and any purpose. The indices and indicators included are
listed in Table 5.4. Complementary indicators that measure education, democracy, and
socioeconomic context come from various sources, such as UNESCO, the
Stiglitz-Sen-Fitoussi model, and etc.
The number of the indicators included in these indices ranges from 8 to 49. As the
year of when these indices were constructed draws nearer, the number of the indicators
increases, reflecting that our understanding of the measurement of the Information Society
evolves. Attention has gradually been shifted from infrastructure and access, to a more
comprehensive view of the Information Society, which incorporates education, skills, usage,
socioeconomic status, social and economic impacts, and etc.
However, clearly we encounter the question again: Why do these indicator sets
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differ so much? It is probable that the authors had different perspectives on what the crucial
aspects of the Information Society were, and how they interrelated. They were likely to have
followed different conceptual frameworks and logical paths to arrive at the indicators which
were eventually selected. However, because such considerations are not specified or
documented, it is hardly possible to repeat the indicator selection process.
As has been discussed, absence of a scientifically sound indicator selection process
may cause problems. Indicator selection influences the results which are further used to direct
policy-making. The current practice usually involves expert panels who select “best”
indicators that build up an index (Bockstaller & Girardin, 2003). However, measurement of
the Information Society is better served by working on a concrete framework that guides
indicator selection through clearly outlined criteria and procedures on the basis of theoretical
and analytical logic rather than individual judgment. It is therefore important to identify
research objectives, collaborate with stakeholders, and then follow indicator selection criteria.
On the other hand, although there are profound differences that distinguish one
index from another, similarities among these indices can hardly be denied, one of which is the
repeated use of some indicators. Some overlapping indicators appear across more than one
index, while some are even included in every single index, such as mobile cellular
subscribers per 100 inhabitants and Internet users per 100 inhabitants. They may be altered
slightly, though. These indicators have been studied extensively, and have been recognized
and accepted in the field. Therefore, their importance should not be overlooked when an
index system is constructed. Table 5.5 lists the times of appearance of an indicator in
descending order, provided that the indicator appears more than once. Similar indicators are
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grouped under a single category to maintain some overview. Therefore, Table 5.5 provides a
summary but does not cover all the nuances of the original indicators.

135

Table 5.4 Indicators included in the indices which are discussed in Chapter 2.
Digital Access Index

ICT Opportunity Index

Digital Opportunity Index

ICT Development Index

Networked Readiness
Index

Fixed telephone

Main telephone lines per

Percentage of population

Fixed telephone lines per

Political and regulatory

subscribers per 100

100 inhabitants

covered by mobile cellular

100 inhabitants

environment (9 indicators)

Mobile cellular subscribers Mobile cellular subscribers Mobile cellular tariffs as

Mobile cellular telephone

Business and innovation

per 100 inhabitants

percentage of per capita

subscriptions per 100

environment (9 indicators)

income

inhabitants

inhabitants

telephony

per 100 inhabitants

Internet access price as

International Internet

Internet access tariffs as

International Internet

percentage of per capita

bandwidth

percentage of per capita

bandwidth per Internet

income

user

income

Affordability (3 indicators)
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Adult literacy

Combined primary,

Adult literacy rates

Gross enrollment rates

secondary and tertiary

Proportion of households

Percentage of households

with a fixed line telephone

with a computer

Skills (4 indicators)

Mobile cellular subscribers Percentage of households

Individual usage (7

per 100 inhabitants

with Internet access

indicators)

school enrollment level
International Internet

Internet users per 100

Proportion of households

Percentage of individuals

Business usage (6

bandwidth per capita

inhabitants

with Internet access at

using the Internet

indicators)

home
Broadband subscribers per

Computers per 100

Mobile Internet

Fixed broadband Internet

Government usage (3

100 inhabitants

inhabitants

subscribers per 100

subscriptions per 100

indicators)

inhabitants

inhabitants

Internet users per 100

Proportion of households

Internet users per 100

Active mobile broadband

Economic impacts (4

inhabitants

with TV

inhabitants

subscriptions per 100

indicators)
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inhabitants
Total broadband Internet

Ratio of (fixed) broadband

Adult literacy rate

subscribers per 100

Internet subscribers to

inhabitants

total Internet subscribers

International outgoing

Ratio of (mobile)

Secondary gross

telephone traffic per capita

broadband Internet

enrollment ratio

Social impacts (4
indicators)

subscribers to mobile
Internet subscribers
Tertiary gross enrollment
ratio

138

Table 5.5 Common indicators included in the above indices
Indicator

Description

Count

Mobile cellular

The number of subscriptions to a public

5

subscribers per 100

mobile-telephone service that provides access to the

inhabitants

PSTN using cellular technology.

Fixed broadband

Subscriptions to high-speed access to the public Internet

Internet

(a TCP/IP connection), at downstream speeds equal to, or

subscriptions

greater than, 256 kb/s. This includes cable modem, DSL,

5

fiber-to-the-home/building and other fixed broadband
subscriptions.
Fixed telephone

The sum of active number of analog fixed-telephone

subscribers per 100

lines, voice-over-IP (VoIP) subscriptions, fixed wireless

inhabitants

local loop (WLL) subscriptions, ISDN voice-channel

4

equivalents and fixed public payphones.
Adult literacy

The percentage of population aged 15 years and over

4

who can both read and write with understanding a short
simple statement on his/her everyday life. Generally,
“literacy” also encompasses “numeracy”, the ability to
make simple arithmetic calculations.
Secondary gross

Total enrollment in secondary education, regardless of

4
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enrollment rate

age.

International Internet The total used capacity of international Internet
bandwidth

4

bandwidth.

Internet access tariffs The sum of fixed and mobile cellular broadband

3

connection charge, monthly subscription charge, and
price of excess usage.
Mobile broadband

The number of mobile-cellular subscriptions with access

Internet

to data communications (i.e. the Internet) at broadband

subscriptions

downstream speeds.

Percentage of

The ratio of households with at least one computer that is

households with a

functional to the total households.

3

2

computer
Mobile cellular

Price of mobile cellular telephony, including prepaid.

2

Percentage of

The percentage of population who use the Internet on a

2

individuals using the

regular basis

tariffs

Internet
These indicators have been widely accepted, and thus they should be given priority
when designing an index system. However, this does not suggest that they should be included
in every index for any purpose, but their exclusion should be explained and justified. For
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example, the Networked Readiness Index does not include fixed telephone subscribers per
100 inhabitants, because the authors thought the indicator is to a large extent obsolete. And
they assume that with the help of xDSL technologies, fixed telephone lines can be easily used
to transit Internet traffic. Therefore, both fixed telephone lines and broadband Internet access
measure basically the same thing.
In addition, on account of the importance of subjective indicators that has been laid
out previously, subjective indicators should be proposed to complement the objective
measures. The following sections provide both objective and subjective potential indicators to
measure the seven components of information needs respectively. However, these indicators
are only suggestions and by no means comprehensive or suitable for any specific research.
On the other hand, the indicator selection process should be followed and documented.
5.2 Connectivity
Connectivity refers to information flow. The role of advanced ICTs in facilitating
information exchange is manifested in the way information flows faster, more generously and
less expensively throughout the world (Ahmed, Islam, Hasan, & Rahman, 2006).
Connectivity gauges the degree to which a society is prepared to be connected within itself
and with the outside world, and make use of affordable ICT infrastructure and digital content.
It is the most comprehensively studied and understood component in the literature. There
have been dozens of indicators aimed at measuring connectivity. It is primarily affected by
capacity, speed, and coverage of infrastructure and price. Table 5.6 presents potential
objective indicators that measure connectivity. The majority of the indicators are chosen from
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the Handbook for the Collection of Administrative Data on Telecommunications/ICT 2011,
Measuring the WSIS Targets: A Statistical Framework 2011, and the indices that have been
discussed in Chapter 2. The last column lists the criteria that an indicator fails to satisfy.
Table 5.6 Potential indicators that measure connectivity
Indicator

Description

Unsatisfied criteria

Fixed telephone

The sum of active number of analog

1-h, 1-i, 1-k, 2-c

subscribers per 100

fixed-telephone lines, voice-over-IP (VoIP)

inhabitants

subscriptions, fixed wireless local loop
(WLL) subscriptions, ISDN voice-channel
equivalents and fixed public payphones.

Mobile cellular

The number of subscriptions to a public

subscribers per 100

mobile-telephone service that provides

inhabitants

access to the PSTN using cellular

1-h, 1-i, 2-c

technology.
VoIP subscriptions

The number of voice-over-Internet protocol

1-a, 1-c, 1-f, 1-g, 1-h,

(VoIP) fixed-line subscriptions.

1-j, 2-c

Fixed broadband

Subscriptions to high-speed access to the

1-h, 2-c

Internet subscriptions

public Internet (a TCP/IP connection), at
downstream speeds equal to, or greater than,
256 kb/s. This includes cable modem, DSL,
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fiber-to-the-home/building and other fixed
broadband subscriptions.
Mobile broadband

The number of mobile-cellular subscriptions 1-h, 2-c

Internet subscriptions

with access to data communications (i.e. the
Internet) at broadband downstream speeds.

Internet access tariffs

The sum of fixed and mobile cellular

1-h, 2-c

broadband connection charge, monthly
subscription charge, and price of excess
usage.
International Internet

The total used capacity of international

bandwidth

Internet bandwidth.

Domestic Internet

The total used capacity of domestic Internet

1-a, 1-b, 1-c, 1-f, 1-g,

bandwidth

bandwidth.

1-h, 2-c

Percentage of

The percentage of households with at least

1-a, 1-c, 1-f, 1-g, 1-h,

households with a

one computer that is functional.

1-i, 1-j, 1-k, 2-c, 2-e,

computer

1-h, 2-c

2-g, 3-d, 3-f

Percentage of the

The percentage of inhabitants within range

population covered by

of a mobile-cellular signal, irrespective of

a mobile-cellular

whether or not they are subscribers or users.

1-h, 2-c

network
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Monthly subscription

The recurring fixed charge for subscribing

1-f, 1-g, 1-h, 1-i, 1-j,

for fixed telephone

to a residential postpaid PSTN service,

1-k, 2-c

service

either residential or business.

Mobile cellular tariffs

Price of mobile cellular telephony, including 1-h, 2-c
prepaid.

Price of a three-minute

The price of a three-minute local call,

1-a, 1-c, 1-f, 1-g, 1-h,

local call

including any call set-up charges, within the

1-i, 1-j, 1-k, 2-c

same exchange area using the subscriber's
own terminal.
Multichannel TV

Services that provide additional TV

1-a, 1-f, 1-g, 1-h, 1-i,

subscriptions

programming beyond free-to-air terrestrial

1-j, 1-k, 2-c

channels, including cable TV,
direct-to-home satellite services,
Internet-protocol TV and digital terrestrial
TV.
Electricity production

The total amount of electricity generated in

1-a, 1-c, 1-f, 1-g, 1-h,

a period of time, in KWh per capita.

1-i, 1-j, 1-k, 2-c

Percentage of schools

The proportion of primary and secondary

1-a, 1-f, 1-g, 1-h, 1-j,

with Internet access

schools with access to the Internet.

2-a, 2-c, 2-d, 2-e

Percentage of public

The proportion of public scientific and

1-a, 1-f, 1-g, 1-h, 1-j,
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scientific and research

research centers with broadband Internet

institutions with

access.

2-a, 2-c, 2-d, 2-e

broadband Internet
access
Percentage of public

The proportion of public libraries that have

1-a, 1-f, 1-g, 1-h, 1-j,

libraries with

access to broadband Internet.

2-a, 2-c, 2-d, 2-e

Percentage of public

The proportion of public hospitals that have

1-a, 1-f, 1-g, 1-h, 1-j,

hospitals with Internet

access to the Internet, either dial-up or

2-a, 2-c, 2-d, 2-e

access

broadband.

broadband Internet
access

There are 11 indicators in Table 5.5 which are considered key and used by various
indices to measure the Information Society supposedly as a whole. However, out of the 11
indicators, eight of them enter Table 5.6, which means they measures connectivity only. This
suggests the extent to which the indicators used by the indices discussed in Chapter 2 are
overwhelmingly unilateral and one-sided.
Besides these objective indicators, Box 5.1 presents a sample questionnaire that can
be used to collect self-reports on connectivity. The aim of the questionnaire is to capture the
qualitative dimensions of specific components that make up information needs, as well as to
provide insights into issues for which there are no existing objective data. The questionnaire
should be conducted on a regular basis to maintain sustainability and comparability, and to
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allow progress tracking. The questionnaire can be handed out to ordinary people living in the
Information Society for general opinions, as well as to business leaders and policy-makers for
executive opinions. For each question, respondents are asked to give their opinion on the
situation in their region of residence.
Box 5.1 A sample connectivity questionnaire
1. What percentage do the costs of telecommunications/information services account for all
the household’s expenditures monthly? Telecommunications/information services include
fixed telephone, mobile telephone, fixed-line Internet access, mobile Internet access,
cable TV, satellite TV, satellite radio, online streaming services such as Netflix and
Spotify, and other services related to telecommunications/information.
A. <5% B. 5%-10% C. 10%-15% D. 15%-20% E. >20%
Rate the following questions on a Likert scale from 1 to 7, where an answer of 1 corresponds
to the lowest possible score and an answer of 7 corresponds to the highest possible score.
2. Is digital content (text and audiovisual content, software products) widely accessible via
multiple platforms (fixed-line Internet, wireless Internet, mobile network, satellite, etc.)?
(1 = no, digital content is not accessible, 7 = yes, digital content is accessible via a wide
range of platforms)
3. Are your contacts widely accessible via multiple platforms (fixed-line Internet, wireless
Internet, mobile network, satellite, etc.)? (1 = no, my contacts are not accessible, 7 = yes,
my contacts is accessible via a wide range of platforms)
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4. You can order a telecommunications/information service (1 = extremely easily, 7 =
extremely difficult).
5. The monthly price of fixed-line broadband Internet in your region is (1 = extremely low, 7
= extremely high).
6. The monthly price of mobile broadband Internet in your region is (1 = extremely low, 7 =
extremely high).
7. The monthly price of mobile cellular telephony in your region is (1 = extremely low, 7 =
extremely high).
8. The speed of fixed-line broadband Internet in your region is (1 = extremely slow, 7 =
extremely fast).
9. The speed of mobile broadband Internet in your region is (1 = extremely slow, 7 =
extremely fast).
To ensure the reliability and validity of the questionnaire, a representative large
sample needs to be selected consistently, and a set of guidelines needs to be established. Once
the data is received, it should go through a rigorous quality control process. Following a
careful verification of the data, individual responses to each question are aggregated at the
regional level, and then at the national level. The qualitative data needs to be quantified
beforehand in order to be aggregated. The final country scores obtained can then be used to
complement the objective indicators and be incorporated to compute an index. These general
rules are also applicable to the rest components of information needs, which are to be
discussed in the following sections.
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5.3 Information security
There have been multiple definitions of information security. One earlier definition
is the protection of information and its critical elements, including the systems and hardware
that use, store, and transmit information (CNSS, 1994). A more recent and comprehensive
definition, however, should also encompass the protection against interruption and failure of
information networks, as well as the protection against unauthorized access to, use of, and
disclosure of information. Perrin (2008) pointed out that information availability, integrity,
and confidentiality are the core principles of information security. In particular, for any
information system to serve its purpose properly, information must be available when it is
needed. This means that the information systems which store and process information, and
the channels, either wired or wireless, that transmit information must function properly, in
order to make information available. In addition, integrity refers to maintaining and assuring
the accuracy and consistency of information over its entire life-cycle (Boritz, 2011). It means
that information cannot be modified without authorization. Finally, information
confidentiality is relevant to preventing the disclosure of or unauthorized access to
information, which is crucial to protect people’s privacy. Table 5.7 presents potential
objective indicators that measure security. The majority of the indicators are chosen from the
Handbook for the Collection of Administrative Data on Telecommunications/ICT 2011,
Information Security Indicators 2013, and the indices that have been discussed in Chapter 2.
The last column lists the criteria an indicator fails to satisfy.
Table 5.7 Potential indicators that measure information security

148

Indicator

Description

Unsatisfied criteria

Power outage rate

The ratio of the number of days when there

1-a, 1-f, 1-g, 1-h, 1-i,

is a power outage in a period of time.

1-j, 1-k, 2-a, 2-c, 2-d,
2-e

Fixed-line telephone

The ratio of the number of days when there

1-f, 1-g, 1-h, 1-i, 1-k,

outage rate

is a landline telephone service outage in a

2-a, 2-c, 2-d, 2-e

period of time.
TV outage rate

The ratio of the number of days when there

1-a, 1-f, 1-g, 1-h, 1-i,

is a TV service outage in a period of time.

1-j, 1-k, 2-a, 2-c, 2-d,
2-e

Internet outage rate

Packet loss rate

The ratio of the number of days when there

1-f, 1-g, 1-h, 2-a, 2-c,

is an Internet outage in a period of time.

2-d, 2-e

Percentage of packets that fail to arrive at

1-f, 1-g, 1-h, 2-a, 2-c,

their destination over a wired or wireless

2-d, 2-e

network.
Secure Internet servers

The number of Internet servers using

per million population

encryption technology in Internet

1-g, 1-h, 2-c

transactions per million population.
Forged domain names

The number of forged domains that are very

1-a, 1-f, 1-g, 1-h, 1-j,

close to the domain names legitimately filed

2-a, 2-c, 2-d, 2-e
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with registration companies or
organizations.
Spam

The number of messages received but not

1-a, 1-f, 1-g, 1-h, 1-j,

requested, luring into clicking dangerous

2-a, 2-c, 2-d, 2-e

URLs or soliciting personal information.
Intrusion attempts on

The number of abnormal and suspicious

1-a, 1-f, 1-g, 1-h, 1-j,

externally accessible

requests on externally accessible servers in

2-a, 2-c, 2-d, 2-e

servers

a period of time.

Accidental

The number of server breakdowns and

1-a, 1-f, 1-g, 1-h, 1-j,

breakdowns or

malfunctions, concerning both hardware

2-a, 2-c, 2-d, 2-e

malfunctions

and software, caused by system errors, in a
period of time.

Most of these potential indicators are new to a measurement system. Therefore,
precaution should be given and the inclusion of the indicators should be justified and
pretested. Box 5.2 presents a sample questionnaire that can be used to collect self-reports on
security.
Box 5.2 A sample security questionnaire
Rate the following questions on a Likert scale from 1 to 7, where an answer of 1 corresponds
to the lowest possible score and an answer of 7 corresponds to the highest possible score.
1. In your country, the latest technologies are (1 = not widely available and used, 7 = widely
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available and used).
2. Laws relating to the use of information and communication technologies (electronic
commerce, digital signatures, consumer protection) are (1 = nonexistent, 7 = well
developed and enforced).
3. How often do you update your passwords online? (1 = extremely rare, 7 = extremely
often)
4. How many times does identity theft occur in a period of time? (1 = extremely rare, 7 =
extremely often)

5.4 Information quality
In a mature information society, high quality information is expected. According to
Wang, Strong and Guarascio (1996), the characteristics of high quality information include
accuracy, believability, reputation, objectivity, relevance, completeness, timeliness,
appropriate amount, understandability, interpretability, conciseness, consistency, accessibility,
etc. However, the consequences of low quality information are experienced in everyday life
(Batini & Scannapieco, 2006). For example, the late or mistaken delivery of a letter may
result from an error in the address information. Data quality has far-reaching significance for
the efficiency and effectiveness of the Information Society. Low quality information is
presumed to have a negative impact on information well-being. It was roughly estimated that
information quality problems cost US businesses more than 600 billion dollars a year in 2004
(The Data Warehousing Institute, 2005). The Internet has made judgments of information
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quality a cumbersome task due to the lack of quality control measures (Rieh, 2002).
Thankfully, the awareness of information quality has grown rapidly on account of the critical
role played by the quality of information in the Information Society (Madnick, Wang, Lee, &
Zhu, 2009).
Studies have shown that information quality can be further broken down into three
factors: accuracy, relevancy and representation (Wang & Strong, 1996). In particular,
information accuracy can be measured by believability, objectivity, traceability, and
reputation of information sources, completeness of information, and whether the information
comes from a variety of sources. Information relevancy can be measured by the timeliness of
information, ease of operation, amount of information, and flexibility. In addition, it can be
measured by whether the information meets users’ needs and adds value to the users. Finally,
information representation can be measured by interpretability, ease of understanding,
consistency, and conciseness of information. Table 5.8 presents potential objective indicators
that measure information quality. The majority of the indicators are chosen from the
Handbook for the Collection of Administrative Data on Telecommunications/ICT 2011, and
the indices that have been discussed in Chapter 2. The last column lists the criteria an
indicator fails to satisfy.
Table 5.8 Potential indicators that measure information quality
Indicator

Description

Unsatisfied criteria

Faults per 100

The total number of reported faults for

1-a, 1-b, 1-f, 1-g,

fixed-telephone lines

fixed-telephone lines per year.

1-h, 1-i, 1-j, 1-k, 2-c
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per year
Percentage of

The proportion of reported faults for fixed

1-a, 1-b, 1-f, 1-g,

fixed-telephone faults

telephone lines that have been repaired by

1-h, 1-i, 1-j, 1-k, 2-c

cleared by next

the end of the next working day.

working day
Faults per 100 mobile

The total number of reported faults for

cellular telephone lines mobile cellular telephone lines per year.

1-a, 1-b, 1-f, 1-g,
1-h, 1-i, 1-j, 2-c

per year
Percentage of mobile

The proportion of reported faults for mobile

1-a, 1-b, 1-f, 1-g,

cellular telephone

cellular telephone lines that have been

1-h, 1-i, 1-j, 2-c

faults cleared by next

repaired by the end of the next working day.

working day
There is only a little objective data, or hard data, for information quality indicators.
On the other hand, however, research suggested that quality is an intrinsically subjective,
experiential element (Myers, 1992). Accuracy, relevance and representation involve
subjective judgment which differs among people. Therefore, despite the lack of objective data
for information quality, subjective data can be collected and used as the primary data source
that measures information quality issues. Box 5.3 presents a sample questionnaire that can be
used to collect self-reports on information quality.
Box 5.3 A sample information quality questionnaire
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Rate the following questions on a Likert scale from 1 to 7, where an answer of 1 corresponds
to the lowest possible score and an answer of 7 corresponds to the highest possible score.
1. In your country, the latest technologies are (1 = not widely available and used, 7 = widely
available and used).
2. How much can you trust information obtained online? (1 = extremely unbelievably, 7 =
extremely believable)
3. How much can you trust information obtained from TV or radio? (1 = extremely
unbelievably, 7 = extremely believable)
4. How objective do you think information obtained online is? (1 = extremely biased, 7 =
extremely impartial)
5. How objective do you think information obtained from TV or radio is? (1 = extremely
biased, 7 = extremely impartial)
6. Are you able to verify information obtained online? (1 = not at all, 7 = completely
verifiable)
7. Are you able to verify information obtained from TV or radio? (1 = not at all, 7 =
completely verifiable)
8. How much do you trust information published by large organizations, such as Google and
New York Times? (1 = not at all, 7 = completely)
9. How much do you trust information posted by unknown sources? (1 = not at all, 7 =
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completely)
10. Is information obtained online timely? (1 = not at all, 7 = completely)
11. Is information obtained from TV or radio timely? (1 = not at all, 7 = completely)
12. Is information online sufficient for your use? (1 = extremely little, 4 = about what I need,
7 = extremely too much)
13. How often do you find online information helpful in solving your problems or concerns?
(1 = extremely rare, 7 = extremely often)
14. Is online information easy to understand? (1 = extremely easy, 7 = extremely difficult)

5.5 Information enlightenment
Presenting information to its users does not necessarily guarantee that they will
make good use of it automatically. Instead, cognitively processing information and
converting it into either memory and knowledge or skills bears on the cognitive capabilities
of the users. Cognitive information processing theory suggests that when users attend to
information, they encode the information and relate it to their knowledge in memory (Driscoll,
1994). If the information is new to them, learning takes place as the information is
transformed, processed, and stored as new knowledge in memory (Schunk, 1996).
Literacy, prior knowledge and experiences, and skills are the key determinants of
cognitive capabilities, which further result in the extent to which one can take advantage of
the information presented to him/her. It is beyond question that education plays an important
role in cultivating literacy and skills. As UNESCO (2010) pointed out, literacy is at the heart
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of education.
Barton (2006) suggested that there are two types of literacy: basic literacy and
functional literacy. In particular, basic literacy is for initial learning of reading and writing,
while functional literacy is kept for the level of reading and writing, which is needed in
modern complex society. Therefore, functional literacy indicates that beyond achieving basic
literacy, people need a different and higher level to operate in their daily lives. It is thus closer
to the literacy that is necessary to process information in the Information Society.
In addition, Stiglitz et al. (2009) suggested that skills and talents have long been
acknowledged as a critical input in society, which constitutes human capital that is created by
education and training, combined with other social resources. They also recognized that
literacy and skills are important for well-being. Empirical studies have found that individuals,
who attended school longer and achieved higher educational qualifications, are more likely to
report greater well-being (Helliwell, 2008). Stiglitz et al. (2009) took a step further and
proposed potential indicators that are supposed to measure literacy and education, including
school enrollment, educational expenditures and school resources, graduation rates, expected
number of completed years of schooling, standardized test scores of student and adult
achievement in terms of literacy and numeracy.
There have been additional indicators that measure education, literacy and skills.
For example, the Digital Access Index (DAI) includes two indicators of adult literacy and
combined primary, secondary, and tertiary school enrollment level. Another two indicators
came from the ICT Opportunity Index (ICT-OI), which are adult literacy rate and gross

156

enrollment rate. The latest ICT Development Index includes three indicators of adult literacy
rate, secondary gross enrollment ratio and tertiary gross enrollment ratio. Finally, UNESCO
(2009) published a comprehensive list of indicators that is dedicated to measuring literacy
and education. Table 5.9 presents potential objective indicators that measure literacy and
education. The majority of the indicators are chosen from the Handbook for the Collection of
Administrative Data on Telecommunications/ICT 2011, Education Indicators Technical
Guidelines 2009, Report by the Commission on the Measurement of Economic Performance
and Social Progress 2009, and the indices that have been discussed in Chapter 2. The last
column lists the criteria an indicator fails to satisfy.
Table 5.9 Potential indicators that measure literacy and education
Indicator

Description

Unsatisfied criteria

Adult literacy

The percentage of population aged 15 years

1-h, 2-c

and over who can both read and write with
understanding a short simple statement on
his/her everyday life. Generally, “literacy”
also encompasses “numeracy”, the ability to
make simple arithmetic calculations.
Secondary gross

Total enrollment in secondary education,

enrollment rate

regardless of age.

Public expenditure as

Public current expenditure per student at

% of Gross National

each level of education, expressed as a

1-h, 2-c

1-a, 1-f, 1-g, 1-h, 1-j,
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Income (GNI) per

percentage of GNI per capita in a given

2-c

capita

financial year

School life expectancy

The total number of years of schooling

1-a, 1-f, 1-g, 1-h, 1-j,

which a child of a certain age can expect to

2-c

receive in the future
Educational attainment Percentage distribution of population aged

1-a, 1-f, 1-g, 1-h, 1-j,

of the population aged

25 years and above according to the highest

2-c

25 years and above

level of education attained or completed

Percentage of

The percentage of population who use the

individuals using the

Internet on a regular basis

1-a, 1-b, 1-h, 2-c

Internet
These objective indicators measure the general level of literacy and education in a
society, for which data is available and accessible. However, they do not reflect the
capabilities of individuals to cognitively process and make use of information, which are the
closest measures of information enlightenment and which can only be estimated roughly from
the subjective indicators. Therefore, inclusion of complementary subjective indicators is
necessary when the objective ones are not sufficient. Box 5.4 presents a sample questionnaire
that can be used to collect self-reports on information literacy directly.
Box 5.4 A sample information literacy questionnaire
Rate the following questions on a Likert scale from 1 to 7, where an answer of 1 corresponds
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to the lowest possible score and an answer of 7 corresponds to the highest possible score.
1. Scientists and engineers in your region are (1 = nonexistent or rare, 7 = widely available).
2. Scientific research institutions in your region (e.g., university laboratories, government
laboratories) are (1 = nonexistent, 7 = the best in their fields internationally).
3. Math and science education in your region’s schools (1 = lag far behind most other
countries’ schools, 7 = are among the best in the world).
4. The educational system in your region (1 = does not meet the needs of a competitive
economy, 7 = meets the needs of a competitive economy).
5. Internet access in schools is (1 = very limited; 7 = extensive, most children have frequent
access).
6. Online instructions in schools are (1 = very limited; 7 = extensive, most children have
frequent access).
7. Technology training in schools is (1 = very limited; 7 = extensive, most children have
frequent access).
8. The general approach of companies in your region to human resources is (1 = to invest
little in training and employee development, 7 = to invest heavily to attract, train, and
retain employees).
9. In your region, specialized research and training services are (1 = not available, 7 =
available from world-class local institutions).

159

10. In its R&D activity, business collaboration with local universities is (1 = minimal or
nonexistent, 7 = intensive and ongoing).

5.6 Information empowerment
It is reported that rather than owning and controlling information, people very often
find that they have lost control of it (The Economist, 2010). However, information
empowerment enables people to control their information and turn it into a tool that expands
their capabilities. As a result, they can not only to solve everyday problems, in particular to
meet their most basic and higher needs, but also to promote civilization and drive society
forward.
Starkey (2003) noted that empowerment is discussed with increasing regularity, yet
remains a contested concept which is often not clearly defined. A reason for this could be its
diverse origins. Empowerment has its roots in a range of traditions, including the civil rights,
ant-racist and women’s movements, and consumerism (Harrison, Waite, & Hunter, 2006).
Stiglitz et al. (2009) suggested that personal activities matter for well-being, in that they have
externalities on other family members, and on people living in society. Information
empowerment means the conversion of information into power, in particular in the forms of
knowledge and skills, for both one’s own good, such as seeking belongingness and love, and
the good of society, through civil participation and social inclusion. Therefore, social
participation and inclusion are an integral part of information empowerment. It is a process of
both personal and societal growth, in which individuals both recognize their needs and the
way they are met and participate as citizens in society. Overtime, changes will take place
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within the society as well as within individuals (Harrison, Waite, & Hunter, 2006). In general,
three areas are worth looking into when measuring information empowerment: information
usage, civil participation, and social inclusion. Social inclusion can be measured by social
connections, which are social networks and the associated norms of reciprocity and
trustworthiness (Stiglitz et al., 2009).
Another factor that is instrumental to information empowerment is political
participation and governance, which is an essential part of freedom. Through political
participation, people can provide a corrective to public policy, ensure the accountability of
governments, reveal people’s needs and values, and call attention to human deprivations
(Stiglitz et al., 2009). It also helps people to make informed choices and promote the
development of society, reduce the potential for social conflict and build consensus, which
can increase social equity, boost economy, and promote public life (Stiglitz et al., 2009).
Indicators of political participation and governance include political affiliation, democratic
elections, constitutional guarantees, legal guarantees, and etc. Table 5.10 presents potential
objective indicators that measure information empowerment. The majority of the indicators
are chosen from the Handbook for the Collection of Administrative Data on
Telecommunications/ICT 2011, Report by the Commission on the Measurement of Economic
Performance and Social Progress 2009, and the indices that have been discussed in Chapter 2.
The last column lists the criteria an indicator fails to satisfy.
Table 5.10 Potential indicators that measure information empowerment
Indicator

Description

Unsatisfied criteria
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Percentage of

The percentage of population who use the

individuals using the

Internet on a regular basis

1-h, 2-c

Internet
Percentage of

The percentage of population who use

1-a, 1-f, 1-g, 1-h, 1-j,

individuals using

mobile cellular telephone on a regular basis

2-c

Percentage of

The percentage of population who produce

1-a, 1-b, 1-f, 1-g,

individuals producing

media content at least once, either text,

1-h, 1-j, 2-a, 2-c, 2-d,

media content

audio, or video content

2-e

Utility patents

The number of utility patents (i.e., patents

1-a, 1-f, 1-g,1-h, 1-j,

for invention) granted in a period of time

2-c

The percentage of population affiliated with

1-a, 1-b, 1-f, 1-g,

a political party

1-h, 1-j, 2-c

The number of democratic elections held in

1-a, 1-b, 1-f, 1-g,

a period of time

1-h, 1-i, 1-j, 2-a, 2-c,

mobile cellular
telephone

Political affiliation

Democratic elections

2-d, 2-e
Election participation

The percentage of population participating

1-a, 1-b, 1-f, 1-g,

in elections in a period of time

1-h, 1-i, 1-j, 2-a, 2-c,
2-d, 2-e
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E-Participation index

Assess the quality, relevance, usefulness,

1-f, 1-g, 1-h, 1-j, 2-c

and willingness of government websites for
providing online information and
participatory tools and services to the
people
Box 5.5 presents a sample questionnaire that can be used to collect self-reports on
information empowerment.
Box 5.5 A sample information empowerment questionnaire
Rate the following questions on a Likert scale from 1 to 7, where an answer of 1 corresponds
to the lowest possible score and an answer of 7 corresponds to the highest possible score.
1. Complying with administrative requirements (permits, regulations, reporting) issued by
the government in your region is (1 = burdensome, 7 = not burdensome).
2. How effective is your national parliament/congress as a law-making institution? (1 = very
ineffective, 7 = very effective, among the best in the world)
3. Buyers in your region make purchasing decisions (1 = based solely on the lowest price, 7
= based on a sophisticated analysis of performance attributes).
4. Information and communication technologies (computers, Internet, etc.) are an overall
priority for the government (1 = strongly disagree,7 = strongly agree).
5. Companies in your region are (1 = not able to absorb new technology, 7 = aggressive in
absorbing new technology).
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6. Companies obtain technology (1 = exclusively from licensing or imitating foreign
companies, 7 = by conducting formal research and pioneering their own new products
and processes).

5.7 Information democracy
Information democracy is instrumental through all the levels of information needs.
It is the implementation of equity and social justice in the Information Society. Democracy is
a fundamental and necessary condition for effective personal achievement and social
participation (Lievrouw & Farb, 2003). Inequities in information creation, production,
distribution and use are evident throughout human history (Lievrouw & Farb, 2003). Some
people have been more educated, better connected, and more informed than others. In the
Information Age, societies and social groups have varied in terms of their information
connectivity, security, quality, enlightenment and empowerment.
There has been growing attention paid to information democracy in an increasingly
information-driven global economy. It is noted that technology has the dual capacity to
increase as well as restrict access to information (Hess & Ostrom, 2001). The Internet, in
particular, has the potential to centralize and decentralize power (Stevenson, 2000).
Researchers have been aware of the social and economic implications and studied the digital
divide for the past two decades.
However, the relationship between information and equity and social justice is not
just a matter of technology. Questions of information democracy must be reassessed in light
of changing social and economic conditions.
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People use their social and economic advantages to acquire information. Those who
are wealthier, more educated, younger, or living in affluent neighborhoods are assumed to
have greater access to information, and are better able to use it than those who are poorer, less
educated, older, or living in poor or rural areas. Therefore, information democracy can be
measured indirectly by demographics or other socioeconomic characteristics (McCreadie &
Rice, 1999). Table 5.11 presents potential objective indicators that measure information
democracy. The majority of the indicators are chosen from the Handbook for the Collection
of Administrative Data on Telecommunications/ICT 2011, Report by the Commission on the
Measurement of Economic Performance and Social Progress 2009, and the indices that have
been discussed in Chapter 2. The last column lists the criteria an indicator fails to satisfy.
Table 5.11 Potential indicators that measure information democracy
Indicator

Description

Unsatisfied criteria

Percentage of male

The percentage of male workers in the field

1-f, 1-g, 1-h, 1-j, 2-a,

IST workers

of information science and technology

2-c, 2-d, 2-e

Percentage of rural

The percentage of inhabitants in rural areas

1-a, 1-b, 1-f, 1-g,

areas covered by a

within range of a mobile-cellular signal,

1-h, 1-j, 2-a, 2-c, 2-d,

mobile-cellular

irrespective of whether or not they are

2-e

network

subscribers or users.

Percentage of female

The percentage of female users who use the

1-f, 1-g, 1-h, 1-j, 2-a,

Internet users

Internet on a regular basis

2-c, 2-d, 2-e
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Percentage of minority

The percentage of minority users who use

1-f, 1-g, 1-h, 1-j, 2-a,

Internet users

the Internet on a regular basis

2-c, 2-d, 2-e

Box 5.6 presents a sample questionnaire that can be used to collect self-reports on
information democracy.
Box 5.6 A sample information democracy questionnaire
Rate the following questions on a Likert scale from 1 to 7, where an answer of 1 corresponds
to the lowest possible score and an answer of 7 corresponds to the highest possible score.
1. Competition in the local market is (1 = limited in most industries and price-cutting is rare,
7 = intense in most industries as market leadership changes over time).
2. How free is the press in your region? (1 = totally restricted, 7 = completely free)
3. Is the judiciary in your region independent from political influences of members of
government, citizens, or firms? (1 = no, heavily influenced,7 = yes, entirely independent)
4. Is there sufficient competition among Internet service providers in your region to ensure
high quality, infrequent interruptions, and low prices? (1 = no, 7 = yes, equal to the best in
the world)

5.8 Socioeconomic context
Finally, measurement of an information society cannot escape from the specific
socioeconomic environment in which the society operates. Most of the socioeconomic and
contextual factors have an indirect and moderating effect on the society’s capabilities to fulfill
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its residents’ information needs. But in order to comprehensively measure the Information
Society, they should be taken into account, for empirical evidence has suggested that
socioeconomic factors may be inversely related to developmental outcomes, such as
technological advances (Crosnoe, 2007).
Socioeconomic context encompasses social, economic, cultural and contextual
factors, as well as natural environment, market environment, and political and regulatory
environment. In particular, socioeconomic components include size, location, population,
race, age, individual and population health, cultural group cohesion, cultural maintenance,
aesthetic and spiritual perceptions, business and employment opportunities, wealth,
population sustainability, education, justice, and etc. Research on the effect of socioeconomic
context on the Information Society is the scarcest in the literature. However, as long as
inclusion of socioeconomic indicators follows research objectives and is justified and tested
rigorously, they deserve a place in a measurement system.
A country may have specific socioeconomic, contextual indicators tailored just to
measure the country and accommodate its peculiarities. However, researchers should be
cautious of such country-specific indicators, especially when the results have to be
internationally comparable. On the other hand, these indicators may provide valuable insights
which would not be discovered by the universally agreed upon indicators. Table 5.12 presents
potential objective indicators that measure socioeconomic context. The majority of the
indicators are chosen from the Handbook for the Collection of Administrative Data on
Telecommunications/ICT 2011, Report by the Commission on the Measurement of Economic
Performance and Social Progress 2009, and the indices that have been discussed in Chapters
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2 and 4. The last column lists the criteria an indicator fails to satisfy.
Table 5.12 Potential indicators that measure socioeconomic context
Indicator

Description

Unsatisfied criteria

GDP

Gross Domestic Product

1-a, 1-b, 1-f, 1-g,
1-h, 1-i, 1-j, 1-k, 2-c

GNI per capita

Gross National Income per capita

1-a, 1-b, 1-f, 1-g,
1-h, 1-i, 1-j, 1-k, 2-c

Population

1-a, 1-b, 1-f, 1-g,
1-h, 1-i, 1-j, 1-k

Life expectancy

The expected (in the statistical sense)

1-a, 1-b, 1-f, 1-g,

number of years of life remaining at a given

1-h, 1-i, 1-j, 1-k, 2-c

age
Total tax rate

A combination of profit tax (percents of

1-a, 1-b, 1-f, 1-g,

profits), labor tax and contribution (percents

1-h, 1-i, 1-j, 1-k, 2-a,

of profits), and other taxes (percents of

2-c, 2-d, 2-e

profits)
Annual investment in

The investment in telecommunications

1-a, 1-b, 1-f, 1-g,

telecommunications

services (including fixed, mobile and

1-h, 1-i, 1-j, 1-k, 2-c

services

Internet services) for acquiring or upgrading
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property and networks.
High-tech exports

Exports of high-technology products as a

1-a, 1-b, 1-f, 1-g,

percentage of total goods exports

1-h, 1-i, 1-j, 1-k, 2-a,
2-c, 2-d, 2-e

Box 5.7 presents a sample questionnaire that can be used to collect self-reports on
socioeconomic context.
Box 5.7 A sample socioeconomic context questionnaire
Rate the following questions on a Likert scale from 1 to 7, where an answer of 1 corresponds
to the lowest possible score and an answer of 7 corresponds to the highest possible score.
1. Entrepreneurs with innovative but risky projects can generally find venture capital in your
region (1 = not true, 7 = true).
2. The level of sophistication of financial markets in your region is (1 = lower than
international norms, 7 = higher than international norms).
3. The level of taxes in your region (1 = significantly limits the incentives to work or invest,
7 = has little impact on the incentives to work or invest).
4. The gap between the rich and the poor in your region is (1 = totally unacceptable, 7 =
totally unacceptable).
5. You have a cohesive culture (1 = not true, 7 = true).
6. Intellectual property protection in your region (1 = is weak and not enforced; 7 = is strong
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and enforced).
7. Property rights, including over financial assets (1 = are poorly defined and not protected
by law, 7 = are clearly defined and well protected by law).
8. The educational system in your region (1 = does not meet the needs of a competitive
economy, 7 = meets the needs of a competitive economy).
9. The government has a clear implementation plan for utilizing information and
communication technologies for improving the country’s overall competitiveness (1 =
strongly disagree, 7 = strongly agree).

5.9 Finalizing indicators and collecting data
After research objectives, as well as research guidelines and indicator selection
criteria, have been set and followed rigorously, a preliminary broad set of indicators can be
chosen for further refining and finalizing. First, the indicators are subject to statistical tests,
including the independent t-test and robustness test. Highly correlated indicators should not
be included simultaneously, in order to prevent duplicate measurement. In addition, inclusion
of the indicators with low robustness should be weighed carefully, for they may bring
unexpected considerable variances to the final results.
Second, statistical tests may result in multiple possible combinations of preliminary
indicators, especially when two or more indicators are found to be highly correlated, and thus
one or more of them has to be eliminated. For example, suppose an initial set of indicators
contains two indicators of fixed telephone subscribers per 100 inhabitants and fixed
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broadband Internet subscriptions per 100 inhabitants, which the t-test suggests are highly
correlated, as well as three other independent indicators. As a result, one of the two correlated
indicators has to be dropped from the final set of indicators, which results in two sets of
indicators for further consideration. One set includes fixed telephone subscribers per 100
inhabitants and the other three indicators, and the other set contains fixed broadband Internet
subscriptions per 100 inhabitants and the other three indicators. However, statistical tests fall
short of determining which set is preferable to the other one.
Lastly, confidence in the final set of indicators may be maximized through
collaboration and consultation with primary stakeholders, expert panels and policy-makers. In
order to finalize indicator selection, in their study, Zeitlin et al. (2003) used the Delphi
process, which is a formalized consensus method where a panel of people respond to a
successive series of questionnaires with the hope of achieving agreement on core indicators
(Adler & Ziglio, 1996). The advantages of this approach are anonymity, iteration, controlled
feedback, and the derivation of agreement. In particular, in their study a structured
questionnaire is sent out to a panel consisting of stakeholders, experts and policy-makers.
Each member is asked to engage in a priority assessment in which all preliminary indicators
are ranked on a scale from essential to non-essential. A second follow-up questionnaire
retains the indicators considered essential by at least 40% of the panel, and those with an
above average priority score. It is then sent out to ask each member to select a certain number
of core indicators. Those indicators that the vast majority of the panel agree on constitute the
final list of indicators. In the end, the final list has to be verified and confirmed by
stakeholders once again, and be subject to statistical tests if necessary. Chapter 6 shows an
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example of how statistical tests assist in selecting indicators.
After the indicators are finalized, the next step is to collect data for them. Data for
objective indicators can be drawn from various sources, including ITU, UNESCO, the World
Bank, OECD, and national statistical offices. Fortunately, most of the administrative data is
available and accessible, cost efficient, measured on a regular basis and up to date, and has a
track record. As for data for subjective indicators, more efforts are needed to collect it. In
general, survey procedures need to be established and followed, which particularly include
identifying the population, drawing a sufficient and representative sample, designing
questionnaires, piloting test questionnaires, sending out questionnaires, collecting responses,
coding and tabulating questionnaires, transcribing data, transforming data into a quantitative
form, and analyzing data. Details of the procedures need no elaboration here.
5.10 Weighting and aggregation
The most common way to aggregate an array of indicators is to build a composite
index. A composite index is a combination of multiple sources of information measured in or
of a system in order to provide a summary of the system that is itself not directly measurable
(Dobbie & Dail, 2013). According to the OECD Glossary of Statistical Terms, a composite
index is formed when individual indicators are compiled into a single index on the basis of an
underlying model of the multidimensional concept that is being measured (OECD, 2008).
However, it has been acknowledged that composite indices are not able to fully capture a
multidimensional concept. Its construction is not straightforward and often involves several
steps that need to be carefully examined (Saltelli, 2007). In particular, the approach sacrifices
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the richness of raw data and the significant correlations between indicators, as well as
concealing specific conditions included in the raw data. Nonetheless, composite indices have
increasingly been adopted as a means for performance comparison and benchmarking, and to
assist policy-making (Zhou, Ang, & Zhou, 2009), on account of its convenience, ease of
understanding, and wide acceptance.
Actions need to be taken in order to prepare raw data before proceeding to
subsequent steps. Data should be cross-checked if possible, and be examined for outliers and
missing data. How highly skewed data, outliers and disparate scales are treated should be
specified and documented (Freudenberg, 2003). Further, data needs to be normalized and
standardized. In most cases, different indicators are measured in different units and on
different scales. Therefore, normalization and standardization are required.
Next, the indicators need to be aggregated. In general, the indicators of each
component are aggregated in the first of a two-step calculation process. The results of the
aggregation are the scores of each component, which are called the sub-indices. The second
step is to assign weights to each of sub-indices and aggregate them in a similar manner. The
benefit of this approach is that it allows identifying specific strengths and weaknesses of each
of these components, which makes it more concrete and practical in guiding policy-making
(ITU, 2007). Weights need to be determined and assigned to each indicator and sub-index,
based on their contribution to the total variance in the index. Weighting has a considerable
impact on the quality and reliability of the resulting index (Saisana, Saltelli, & Tarantola,
2005). Weights assigned to each indicator and sub-index may involve subjectivity and
arbitrariness. Bartelmus (2008) argued that there are two types of weighting: judgmental and
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mathematical. Judgmental weighting refers to a relatively informal, qualitative evaluation of
indicators and sub-indices, and explicit procedures of reaching consensus in the evaluation.
Equal and arbitrary weight belongs to judgmental weighting. On the other hand,
mathematical weighting refers to reducing information overload by mathematical analysis.
The goal of this approach is to reduce the number of intercorrelated indicators to a lower
number of independent ones that reflect sufficient variances. Moreover, in doing this, weights
can be automatically determined by the coefficients generated for each indicator and
sub-index.
Studies have shown that statistical tools can help obtain a more reliable weighting
scheme. Two techniques, data envelopment analysis (DEA) and stochastic frontier analysis
(SFA) have received attention as a weighting approach to computing a composite index
(Zhou & Ang, 2008). These two methods have been discussed in detail in Chapter 3. Chapter
6 shows an example of how to apply data envelopment analysis to weighting. Weights
derived from statistical tools should be consulted with primary stakeholders, experts, and
policy-makers for review and verification. The final set of weights should combine statistical
results with expert opinions.
Lastly, after the weights are finalized, the indicators can be aggregated using the
most common linear aggregation method, to get the scores of the sub-indices. A second round
weighting process needs to be performed in order to determine weights that are assigned to
the sub-indices. The score of the index can finally be calculated. The question whether a
linear function should be relaxed is left at large by the thesis, and may be studied in future
research.
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5.11 Result validation and model revision
After the index score is calculated, the final results are subject to validation and
cross-check. First, the results need to be tested for robustness. Robustness is the capability of
an analytical procedure to remain unaffected by variations and random errors in the variables
(Vander Heyden et al., 1999), and can be evaluated by a robustness test, which examines the
effect of variations in the variables on the outcome. This step is crucial for a composite index,
which depends so much on weights that a small degree of variation may lead to a very
different score. In addition, the results should run a member check and be presented to
stakeholders, experts, policy-makers, and the audience before being released. Member
checking helps improve the accuracy, credibility, and internal and external validity of a study
(Yanow & Schwartz-Shea, 2006).
As has been discussed in Chapter 2, the goal of the thesis is to propose a healthy
ecosystem of measurement of the Information Society, which is able to generate predictions
and hypotheses that can be tested, which produces valuable results for both self-evaluation
and policy guidance, and which provides feedback to the theory and makes corrections and
amends. Therefore, the final step examines the degree to which the results are in accordance
with the theory. Researchers should consider amending the model if the results challenge the
theory. In particular, the results can test the existence of the hierarchical structure of the
model and the validity of the components. Moreover, the qualitative data which is required to
be collected by the methodological framework can correct or enrich the model if challenging
or new themes that are not present in the model emerge.
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Finally, a rigid research agenda and a sound theoretical foundation make an index
more reliable, valid and robust. The complete procedure of constructing an index includes six
key steps:
1) Identifying research goals and objectives, and the needs of the research’s
audience. Collaboration and consultation with primary stakeholders, expert panels, and
policy-makers is necessary in order to ensure that the final results will not deviate from the
audience’s needs.
2) Establishing a theoretical and conceptual framework,
3) Operationalizing the framework and developing an empirical structure,
4) Identifying indicator selection criteria, choosing and finalizing indicators, and
collecting data for them. Again, collaboration with the audience is necessary.
5) Weighting and aggregating indicators by following scientifically sound
guidelines, and resorting to statistical techniques. Again, collaboration with the audience is
needed.
6) Assessing the quality and robustness of the results, and checking the validity.
Member checking is necessary. And finally,
7) Identifying both challenging and newly emerging themes from the results, and
making necessary amends to the model.
5.12 Summary
This chapter follows the theoretical and conceptual framework that is proposed in
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Chapter 4, and establishes a methodological framework. The theoretical framework provides
a new starting point for measuring the Information Society, which is information well-being.
However, it is barely feasible to measure information well-being directly, except by
self-report data, which unfortunately has drawn considerable skepticism and criticism. On the
other hand, objective hard data alone is insufficient to uncover the intricacies of the
Information Society. Therefore, the thesis suggests that objective and subjective indicators be
combined.
It is rarely possible to find objective data for information well-being. However,
because of the hypothesized link between information well-being and information needs, the
thesis turns to measure information needs as an estimate of the capabilities of society to
achieve a certain level of information well-being. In other words, a society’s information
well-being state can be roughly translated to the highest level of information needs that the
society is capable of satisfying, when conditions allow. The theoretical structure and
components of information needs have been specified in Chapter 4, which form a hierarchy
comprising connectivity, security, quality, enlightenment, and empowerment in order from
lowest to highest, as well as two moderating factors of information democracy and
socioeconomic context.
Drawing on various prominent indicator selection criteria, the thesis first proposes a
set of criteria, which further directs indicator selection and operationalization of the seven
components of information needs. The criteria are grouped into three categories: important,
practical, and technical. The importance of indicators refers to the extent to which they are
significant, useful, relevant, and representative (Brooks & Hanafin, 2005). Practicality
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involves data availability, feasibility, cost efficiency, and timeliness. Finally, indicators have
to meet certain technical standards, including validity, reliability, sensitivity, consistency,
robustness, comparability, and interpretability. The criteria function as general rules that
guide indicator selection. However, not all the criteria are of equal importance. Their priority
should be determined by specific research goals and resources and researchers’ evaluation,
and should be specified and documented.
Moreover, the thesis examines the indicators included in the indices that are
discussed in Chapter 2, and identifies the indicators that have been used repeatedly. These
indicators have been widely accepted, and thus they should be given priority when designing
an index system.
In the following sections, the thesis proposes both objective and subjective
indicators that are potentially able to measure each component of information needs. The
majority of the indicators are drawn from the Handbook for the Collection of Administrative
Data on Telecommunications/ICT 2011, Measuring the WSIS Targets: A Statistical
Framework 2011, Education Indicators Technical Guidelines 2009, Report by the
Commission on the Measurement of Economic Performance and Social Progress 2009, and
the indices that have been discussed in Chapter 2.
After a preliminary broad set of indicators is chosen, they need to be subjected to
statistical tests, including the independent t-test and robustness test, for further refining and
finalizing. Chapter 6 shows an example of how to apply statistical tools to indicator selection.
In addition, confidence in the final set of indicators may be maximized through collaboration
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and consultation with primary stakeholders, expert panels and policy-makers. One way of
doing so is illustrated by Zeitlin et al. (2003), who used the Delphi process, a formalized
consensus method where a panel of people respond to a successive series of questionnaires
with the hope of achieving agreement on core indicators (Adler & Ziglio, 1996).
Finally, the indicators have to be aggregated into a single number. The most
common way to do so is to build a composite index. Despite the shortcomings, composite
indices have increasingly been adopted as a means for performance comparison and
benchmarking, and to assist policy-making (Zhou, Ang, & Zhou, 2009), on account of its
convenience, ease of understanding, and wide acceptance.
Weighting is the most important step for aggregation, for it has a considerable
impact on the quality and reliability of the resulting index (Saisana, Saltelli, & Tarantola,
2005). As an alternative to judgmental weighting, mathematical weighting refers to reducing
information overload by mathematical analysis. The goal of this approach is to reduce the
number of intercorrelated indicators to a lower number of independent ones that reflect
sufficient variances. Moreover, in doing this, weights can be automatically determined by the
coefficients generated for each indicator. Chapter 6 shows an example of how to determine
weights using statistical tools.
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6. An example of applying statistical tools to indicator selection and weighting
As has been discussed in Chapter 2, this thesis attempts to address two research
questions. The first question is whether a theory-driven solution to measurement of the
Information Society is possible. Chapters 4 and 5 answer the question by proposing a
theoretical structure and deriving an empirical framework. The second question concerns the
use of advanced statistical methods in indicator selection and weighting. Section 5.10 briefly
discusses the application of statistical techniques, such as data envelopment analysis (DEA)
and stochastic frontier analysis (SFA) in general. In order to illustrate the feasibility of these
methods, this chapter showcases an instance in which indicators are selected and weights are
assigned by various statistical tools.
The previous chapter has laid out a seven-step procedure of research on information
measurement, including:
1) Identifying research goals and objectives, and the needs of the research’s
audience,
2) Establishing a theoretical and conceptual framework,
3) Operationalizing the framework and developing an empirical structure,
4) Identifying indicator selection criteria, choosing and finalizing indicators, and
collecting data for them,
5) Weighting and aggregating indicators by following scientifically sound
guidelines, and resorting to statistical techniques,
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6) Assessing the quality and robustness of the results, and checking the validity, and
finally,
7) Identifying both challenging and newly emerging themes from the results, and
making necessary amends to the model.
This chapter zooms in on Step 5 and uses a simple example to illustrate how to
apply statistical tools to indicator selection and weighting, as an alternative or complementary
approach to selecting indicators and assigning weights in an otherwise subjective and
arbitrary way. In principle, mathematical methods are able to explore the intrinsic numerical
relationships among indicators and discover their contribution to the overall variances in an
index, on which indicator selection and weighting are based. Little or no input from
researchers is needed. Therefore, subjectivity and researcher bias are expected to be
contained and minimized. However, collaboration and consultation with primary stakeholders,
expert panels, and policy-makers is needed, in order to finalize the indicators. Due to the
emphasis on methods and limitations of the example, this chapter only showcases how
various statistical techniques are applied.
6.1 Dataset description
The sample of the example comprises OECD member countries. One reason for
using OECD countries is because they are economically and socially mature and developed,
technologically advanced, and most importantly, they are assumed to be information societies
(OECD, 2011). Also, their statistics and data are the most available and the best maintained.
Thus, it is expected that the example will not run into serious missing data problems and
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errors. Finally, OECD has a total of 34 member countries, which is sufficient to run statistical
tests and make confident inferences. The OECD member countries are listed alphabetically as
follows:
Australia

Hungary

Poland

Austria

Iceland

Portugal

Belgium

Ireland

Slovak Republic

Canada

Israel

Slovenia

Chile

Italy

Spain

Czech Republic

Japan

Sweden

Denmark

Korea

Switzerland

Estonia

Luxembourg

Turkey

Finland

Mexico

United Kingdom

France

Netherlands

United States

Germany

New Zealand

Greece

Norway

Moreover, the example uses only a preliminary set of objective connectivity
indicators to demonstrate how to apply statistical tools to indicator selection and weighting,
for the following reasons. First, as has been discussed in Chapter 5, most of these indicators
have been studied extensively and used for a long time by various measurement systems.
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They have been supported by empirical evidence, and have in general been acknowledged
and accepted. Second, data for these indicators are the most available and accessible. There
are reliable and sustainable data sources that provide high quality data for the indicators, such
as ITU, OECD, the World Bank, and UNESCO. Despite the importance of subjective
indicators in terms of providing insights into a measurement system, data for most of them is
unavailable. Researchers have to carry out surveys in their research to collect the data. Thus,
subjective indicators have to be avoided by this example. Finally, it is sufficient to illustrate
the general statistical procedures involved in indicator selection and weighting, which can be
repeated and simulated to calculate the scores of the other components, or sub-indices, and
eventually compute the index score.
The preliminary set of indicators presumably includes the following eight
indicators for the year 2011:
z

Fixed telephone subscriptions per 100 inhabitants (fphone)

z

Mobile cellular telephone subscriptions per 100 inhabitants (mphone)

z

Fixed broadband Internet subscriptions per 100 inhabitants (finternet)

z

Active mobile broadband Internet subscriptions per 100 inhabitants (minternet)

z

Fixed broadband monthly subscription charge (price)

z

International Internet bandwidth (bandwidth)

z

Percentage of households with computer (computerpercent)

z

Percentage of households with Internet (internetpercent)
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Data for these indicators is drawn from ITU’s Telecommunication/ICT Indicators
Database 16th Edition 2012.
6.2 Descriptive statistics
Table 6.1 presents the descriptive statistics calculated using the raw data.
Table 6.1 Descriptive statistics derived from raw data
Indicator

Mean

Standard deviation

fphone

41.54

13.99

mphone

118.03

20.18

finternet

26.37

8.40

minternet

48.78

25.60

price

31.13

11.22

bandwidth

1578522.06

2455275.98

computerpercent

76.31

14.60

internetpercent

73.49

16.84

Although the raw data does not provide a clear view of the relationship among the
indicators, it is barely negligible that percentage of households with computer and percentage
of households with Internet have very close means and standard deviations, which suggests
that they may measure the same thing. It is highly likely that households with a computer
have Internet access, for to a large extent computers and the Internet have become
184

complementary goods (Dewan, Ganley, & Kraemer, 2010). Therefore, if it is confirmed by
further statistical tests, only one of these two indicators should be included in an index system
in order to avoid duplicate measurement.
The raw data needs to be normalized and standardized in the first place. On the one
hand, the indicators are measured in different units, which prevents them from being
aggregated together. For example, fixed broadband monthly subscription charge is measured
in dollars, while international Internet bandwidth in Mbit/s. It would either be unfeasible to
combine these indicators or generate nonsensical results. On the other hand, the indicators are
measured on different scales. In particular, percentage of households with computer has a
range of 0 to 100, while international Internet bandwidth can take any number from zero to
infinity. They have to be converted to the same scale before aggregation. Therefore,
normalization and standardization are an essential step for aggregation.
There is more than one way to normalize and standardize data. Here the thesis only
shows two common methods for illustrative purposes. The first method is the 0-1
normalization, which scales the indicators between 0 and 1, using the following formula:

(6.1)
where max is the maximum value, and min is the minimum value of the dataset.
After normalization, all the indicators fall into the same range and are not attached to any
dimension. Table 6.2 presents the descriptive statistics calculated from the 0-1 normalized
data.
Table 6.2 Descriptive statistics derived from the 0-1 normalized data
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Indicator

Mean

Standard deviation

fphone

0.53

0.30

mphone

0.30

0.16

finternet

0.54

0.28

minternet

0.43

0.26

price

0.42

0.21

bandwidth

0.14

0.21

computerpercent

0.72

0.23

internetpercent

0.68

0.23

The similarities between percentage of households with computer and percentage
of households with Internet still remain striking. Moreover, the pair of fixed telephone
subscriptions per 100 inhabitants and fixed broadband Internet subscriptions per 100
inhabitants, as well as the pair of active mobile broadband Internet subscriptions per 100
inhabitants and fixed broadband monthly subscription charge also displays close means and
standard deviations, which indicates that they may be measuring the same thing and thus
deserve attention. It is still too early to be sure, though.
The other method is to standardize data by calculating z-scores. Each raw score, x,
can be standardized when it is converted into a z score by using the following formula on
each individual score:
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(6.2)
where µ is the mean of x, and σ is the standard deviation. After standardization, all
the indicators have a mean of 0 and a standard deviation of 1. Figure 6.1 presents the
distribution of z-scores for each indicator.

Figure 6.1 Distribution of z-scores for each indicator
Figure 6.1 shows that the distributions of z-scores for fixed telephone subscriptions
per 100 inhabitants and fixed broadband Internet subscriptions per 100 inhabitants do not
look alike. However, the similarities between active mobile broadband Internet subscriptions
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per 100 inhabitants and fixed broadband monthly subscription charge, as well as between
households with computer and percentage of households with Internet persist.
6.3 Correlation matrix
A correlation matrix of n variables X1, …, Xn is an n x n matrix whose i,j entry is
the correlation coefficient between Xi and Xj. It is a symmetric matrix because the correlation
between Xi and Xj is the same as the correlation between Xj and Xi. It can be used to detect
correlations between variables. A correlation coefficient ranges from -1 to 1. A value of 0
means that the two variables are not correlated, while a value of either -1 or 1 suggests
absolute correlation. Both the 0-1 normalized dataset and z-score standardized dataset
generate the same correlation matrix, which is shown in Table 6.3.
Table 6.3 Correlation matrix generated by 0-1 normalized/z-score standardized data
fphone mphone finternet minternet price
fphone
mphone
finternet
minternet
price
bandwidth
computerpercent

1.000

bandwidth computerpercent internetpercent

-.113

.760

.343

.245

.321

.586

.591

1.000

.144

.152

.210

-.135

.262

.238

1.000

.510

.449

.253

.822

.847

1.000

.405

.166

.637

.695

1.000

-.136

.561

.539

1.000

.149

.143

1.000

.974
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internetpercent

1.000
The Cronbach’s α is 0.830, which is a high value to indicate high reliability and

internal consistency of the dataset. The high correlation coefficients are marked in bold and
red, which suggest high correlations between the corresponding indicators. In particular,
fixed telephone subscriptions per 100 inhabitants and fixed broadband Internet subscriptions
per 100 inhabitants, fixed broadband Internet subscriptions per 100 inhabitants and
percentage of households with computer, fixed broadband Internet subscriptions per 100
inhabitants and percentage of households with Internet, and percentage of households with
computer and percentage of households with Internet, are highly correlated. They may
measure the same thing repeatedly. In order to achieve parsimony and avoid duplicate
measurement, these indicators need to be reconfigured and some of them eliminated from the
final set of indicators.
6.4 Exploratory factor analysis (EFA)
Exploratory factor analysis (EFA) is another statistical tool that can be used to
assist data selection. It is a technique whose goal is to identify a set of latent constructs and a
reduced number of relatively independent indicators that are sufficient to reflect index
variance (Fabrigar, Wegener, MacCallum, & Strahan, 1999). It is particularly useful for a
measurement system of the Information Society, for it provides valuable insights when
researchers have little theoretical evidence to hypothesize the patterns of the indicators (Finch
& West, 1997). Moreover, researchers have to carefully consider the number of indicators
included in an index. EFA can help reach a more parsimonious set of indicators by

189

eliminating the insignificant indicators that account for only a negligible proportion of the
variance.
In our example, exploratory factor analysis is performed on both the 0-1
normalized dataset and the z-score standardized dataset. Once again, both datasets generate
the same results. In our analysis, the threshold eigenvalue is set to 0.40. Table 6.4 presents the
results from EFA.
Table 6.4 Results from exploratory factor analysis on normalized/standardized data
Component

Eigenvalue

% of variance

Cumulative %

1

4.17

52.09

52.09

2

1.41

17.65

69.74

3

0.83

10.42

80.16

4

0.64

8.03

88.19

5

0.51

6.32

94.51

6

0.29

3.60

7

0.13

1.66

8

0.02

0.23

The results show that EFA produces eight components, the same number as the
indicators. It can be inferred that each component corresponds to an indicator, although they
may possess different meanings. There are five components whose eigenvalues are greater
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than 0.40. Together, they account for 94.51% of the total variance in the dataset. The
remaining three components account for only 5.49% of the total variance. If parsimony is a
primary goal of the research, these three components can be taken out, for their insignificance
of representing the dataset. Combined with the results obtained from the descriptive statistics
and the correlation matrix, it is likely that four indicators may measure the same thing
repeatedly, which include fixed telephone subscriptions per 100 inhabitants, fixed broadband
Internet subscriptions per 100 inhabitants, percentage of households with computer, and
percentage of households with Internet. Out of these four indicators, fixed broadband Internet
subscriptions per 100 inhabitants should be kept, for it is a more promising indicator, while
fixed telephone subscriptions per 100 inhabitants and percentage of households with
computer are to some extent outdated. Besides, although fixed telephone subscriptions per
100 inhabitants and percentage of households with Internet are very similar, fixed telephone
subscriptions per 100 inhabitants has been more extensity studied and used by various
measurement systems. Therefore, based on the above analysis, the final set of indicators
comprises:
z

Mobile cellular telephone subscriptions per 100 inhabitants (mphone)

z

Fixed broadband Internet subscriptions per 100 inhabitants (finternet)

z

Active mobile broadband Internet subscriptions per 100 inhabitants (minternet)

z

Fixed broadband monthly subscription charge (price)

z

International Internet bandwidth (bandwidth)

After the indicators are finalized, the foregoing statistical tests are performed again
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on the finalized normalized/standardized dataset, for verification purposes. Table 6.5 presents
the correlation matrix using the finalized normalized/standardized dataset, while in Table 6.6,
the results from exploratory factor analysis are shown.
Table 6.5 Correlation matrix generated by finalized 0-1 normalized/z-score
standardized data
mphone finternet minternet price
mphone

1.000

finternet

bandwidth

.144

.152

.210

-.135

1.000

.510

.449

.253

1.000

.405

.166

1.000

-.136

minternet
price
bandwidth

1.000

Only one correlation coefficient is a little over 0.5, which is the one between fixed
broadband Internet subscriptions per 100 inhabitants and active mobile broadband Internet
subscriptions per 100 inhabitants. All the finalized indicators are relatively independent.
Table 6.6 Results from exploratory factor analysis on finalized
normalized/standardized data
Component

Eigenvalue

% of variance

Cumulative %

1

2.01

40.24

40.24
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2

1.24

24.71

64.96

3

0.81

16.26

81.22

4

0.52

10.47

91.68

5

0.42

8.32

100.00

All the eigenvalues are greater than 0.4, and five components are extracted from the
dataset. However, these components are latent constructs without clear meaning, and
therefore they are not in correspondence with the five indicators from which these
components are calculated. Regardless of the components, we are confident in the
representativeness and significance of the finalized indicators. In addition, the descriptive
statistics, correlation matrix, and EFA all produce similar findings, which signifies that these
indicators are robust to different techniques.
6.5 Regression
After the indicators are finalized, weights need to be assigned to each indicator. As
has been discussed, weighting is a crucial step for an index as it may impact the results
considerably. The most common weighting method that has been used by various indices is
equal weights, which assumes that each indicator is normatively equal in significance.
However, equal weights are inexcusably arbitrary, lacking both theoretical and empirical
justification.
There are a number of statistical techniques that can be used in the derivation of
weights. First, we show a simple statistical approach to weighting, which uses regression

193

coefficients as the basis for weight designation. Regression is a natural method of weighting
indicators (Centre for the Study of Living Standards [CSLS], 2012). Multiple linear
regression estimates a set of weights which best fit the data by the criteria of least squares.
In our example, the five finalized indicators, mphone, finternet, minternet, price,
and bandwidth are exogenous, and they are the independent variables for the regression
analysis. The dependent variable is an endogenous factor, y, which in this example is
designated the ICT Development Index scores for the year 2011. The reason for choosing the
ICT Development Index as the dependent variable is because of its similar structure and
indicators used, although this may be problematic. However, the index has 11 indicators,
more than twice as many as the independent variables. In addition, the index aggregates the
indicators in two steps. Therefore, the effect of the independent variables on the dependent
variable, if there is any, is diluted considerably. Moreover, the dependent variable relies on
the independent variables from which it is derived. Further iterative processes suggest that the
results converge. The major difference is that the ICT Development Index includes
educational data, which is missing in the dataset in our example. In order to more accurately
fit the data, an education indicator, secondary enrollment rate (secrate), is added to the
finalized set of indicators. We use a simple multiple linear regression model to fit the data, as
follows. Table 6.7 presents the regression results.
y = α + βmphone + γfinternet + ζminternet + ηprice + θbandwidth + λsecrate+ ε (6.3)
Table 6.7 Regression results
Variable

Unstandardized

Standard error

Standardized

Weight
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coefficient

coefficient

mphone

0.175**

0.072

0.122**

0.10

finternet

0.486***

0.051

0.597***

0.49

minternet

0.390***

0.051

0.440***

0.36

price

-0.033

0.074

-0.030

0.02

bandwidth

0.035

0.056

0.032

0.03

secrate

0.089

0.072

0.083

Note: *, **, *** denote statistical significance at the 10, 5, and 1 percent level respectively.
We use the standardized coefficients as the basis to calculate weights. Because the
coefficient for the price variable is a negative value, we need to take its absolute value first,
which is 0.030. Then we can calculate weights for each variable by dividing its coefficient by
the sum of the coefficients. The last column in Table 6.7 lists the suggested weights by the
regression analysis. The sum of the weights always equals 1.
6.6 Data envelopment analysis (DEA)
Data envelopment analysis uses the best performing observations in each indicator
to create a boundary of feasible performance which is then used to measure the score of each
observation (CSLS, 2012). It was first developed in the field of macroeconomics (Melyn &
Moesen, 1991). DEA is a non-parametric technique used originally in the estimation of
production functions, as we have discussed in Chapter 3. It has been extensively used to
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estimate measures of technical efficiency in various industries (Cooper, Seifor, & Tone, 2000).
The statistical configuration of DEA ensures that no subjectivity is involved in the relative
importance of each indicator. Therefore, weighting is determined completely by the dataset.
In particular, DEA requires data on the input and output, in order to fit a frontier
over the top of the data points and measure technical inefficiency as the distance between
each data point and the estimated frontier. DEA uses linear programming methods to
construct the frontier. Despite the requirements for high quality data, which are easily met by
our simple example though, DEA can automatically determine a functional form for the
production frontier given a set of data, and thus do not need any input from researchers. In
addition, DEA has been extended to be used not only for efficiency measurement, but also for
other applications such as benchmarking and index construction (Emrouznejad, Parker, &
Tavares, 2008). As a result, DEA can be used to designate indicator weights.
To perform data envelopment analysis on our dataset, we adopt the same
configuration as the regression analysis, in which two additional indicators, secondary
enrollment rate (secrate) and ICT Development Index score (idi) are added to the dataset. The
input indicators in the DEA analysis include mobile cellular telephone subscriptions per 100
inhabitants (mphone), fixed broadband Internet subscriptions per 100 inhabitants (finternet),
active mobile broadband Internet subscriptions per 100 inhabitants (minternet), fixed
broadband monthly subscription charge (price), International Internet bandwidth (bandwidth),
and secondary enrollment rate (secrate), while the single output indicator is ICT
Development Index score. An input-oriented model is used to fit the data, for weights for
each input indicator are the primary concern. Table 6.8 presents the weights derived from the
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raw data.
Table 6.8 Weights for each indicator and for each observation calculated using raw
data
Country

mphone

finternet

minternet

price

bandwidth

secrate

Australia

0.647819

0.338097

0

0

0.014084

0

Austria

0

0.188997

0.082226

0

0.004091

0.724686

Belgium

0.510194

0.061929

0.139816

0.226497

0.061564

0

Canada

0.375156

0.490356

0.044631

0.078113

0.011746

0

Chile

0

0.15845

0.180845

0

0.013436

0.647269

0

0.271099

0

0.026657

0

0.702245

Denmark

0.02896

0.212454

0.126055

0

0.004079

0.628451

Estonia

0

0.11825

0.197266

0.09844

0.015112

0.570932

Finland

0

0.342417

0

0

0.005646

0.651937

France

0.550099

0

0.449901

0

0

0

Germany

0.007583

0.235787

0.149092

0

0

0.607538

Greece

0.446469

0.393984

0

0.154588

0.004959

0

Hungary

0.785223

0

0.123843

0.083457

0.007476

0

Czech
Republic
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Iceland

0.346977

0.482103

0

0.168739

0.002181

0

Ireland

0.506501

0.33591

0.068544

0.087646

0.001399

0

Israel

0.798207

0

0.04996

0.15007

0.001762

0

Italy

0

0.169834

0.138908

0.031471

0

0.659786

Japan

0.362973

0.413281

0

0.164794

0.058951

0

Korea

0.302621

0.477756

0

0.138792

0.015567

0.065264

Luxembourg 0

0.215027

0.121773

0

0.000656

0.662544

Mexico

0.562517

0.212526

0.076512

0.088733

0.059712

0

Netherlands

0.144523

0.127295

0.192074

0.075293

0

0.460815

0.568868

0.412294

0

0

0.018837

0

Norway

0.247637

0.341101

0.064652

0

0.002015

0.344595

Poland

0.351335

0.281587

0

0.140508

0.014072

0.212498

Portugal

0.570775

0.270229

0.104068

0.030676

0.024252

0

0.100157

0.462708

0.010388

0.420782

0.005966

0

Slovenia

0.258286

0.237469

0.100481

0.031095

0

0.37267

Spain

0.530138

0.37387

0.084564

0.011428

0

0

New
Zealand

Slovak
Republic
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Sweden

0.060229

0.223361

0.150046

0.033102

0.001554

0.531708

Switzerland

0.044717

0.254279

0.070946

0.028664

0

0.601393

Turkey

0.541207

0.27202

0

0.138411

0.048362

0

0.043778

0.205026

0.102992

0.015349

0

0.632855

0.231396

0.345782

0.056894

0.087998

0.072404

0.20553

United
Kingdom
United
States
To get weights for each indicator, simply add up the weights for each indicator
across all the observations, and then divide the sum by the number of observations, which is
34 in our example. Table 6.9 shows the suggested weights for each indicator.
Table 6.9 Suggested weights for each indicator
Indicator

mphone

finternet

minternet

price

bandwidth

secrate

Weight

0.291892

0.262508

0.084897

0.073862

0.01382

0.273021

Finally, we need to take out secondary enrollment rate (secrate), for it does not
belong to the finalized set of indicators that are aimed to measure connectivity, although a
large weight is assigned to it. The final suggested weights are presented in Table 6.10.
Table 6.10 Finalized suggested weights for each of the five finalized indicators
Indicator

mphone

finternet

minternet

price

bandwidth
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Weight

0.401514

0.361094

0.11678

0.101601

0.01901

Now compare the two sets of suggested weights generated by regression and DEA,
which are presented in Table 6.11. Both methods suggest fixed broadband Internet
subscriptions per 100 inhabitants should be assigned a large weight, which indicates its
importance. Similarly, they both underestimate fixed broadband monthly subscription charge
and international Internet bandwidth. The insignificance of international Internet bandwidth
brought up by the statistical analysis should receive attention. Although it has entered a few
measurement systems, and has been accepted as an established indicator to measure the
Information Society, its practical influence should at least be doubted. It is likely that
information transmission and connectivity relies on domestic Internet bandwidth much more
than international Internet bandwidth. Therefore, inclusion of international Internet
bandwidth in a measurement system needs to be considered and justified carefully.
On the other hand, regression and DEA disagree on the weights for mobile cellular
telephone subscriptions per 100 inhabitants and active mobile broadband Internet
subscriptions per 100 inhabitants, which are almost inversed. This is an interesting finding
which needs further investigation. Finally, the results from the statistical procedures need to
be reviewed and verified by stakeholders, experts and policy-makers. More importantly,
indicator selection and weighting have to always comply with research objectives and
stakeholders’ requirements.
Table 6.11 Suggested weights derived from regression and DEA
Indicator

Regression suggested weight

DEA suggested weight
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mphone

0.10

0.40

finternet

0.49

0.36

minternet

0.36

0.11

price

0.02

0.10

bandwidth

0.03

0.01

6.7 Summary
By using a hypothesized simple example, this chapter demonstrates the application
of an array of statistical tools to indicator selection. The example uses 34 OECD member
countries as a sample, and only includes an initial set of objective connectivity indicators, for
illustrative purposes. We perform descriptive statistics, correlation matrix, and exploratory
factor analysis (EFA) on the dataset, in order to finalize indicator selection. As a result, three
preliminary indicators are eliminated from the finalized set on account of their statistical
insignificance. We then proceed to weighting, by using two techniques, regression and data
envelopment analysis (DEA), both of which are able to explore the intrinsic relationships
among indicators and automatically generate weights for each indicator. Although their
results do not match exactly, probably due to the fact that they use different algorithms to fit
the data, they provide an overview of weighting and a general guide to weight designation.
The weights should be finalized in consultation with stakeholder, experts and policy-makers,
as well as in accordance with research objectives and user demands.
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7. Conclusion
In recent years, particularly since the popularization of the Internet in the early
1990s and with the increasing pervasiveness of mobile telephony, the debate over whether
information and communication technologies (ICTs) have been causing a big impact in our
lives has gained enormous momentum. It is already widely acknowledged that there is an
ongoing digital revolution, which might be considered as the Information Revolution,
following the Agricultural Revolution of the Neolithic and the Industrial Revolution.
However, this does not necessarily imply consensus, although evidence of a deep
transformation due to the invasion of ICTs into all aspects of society and the economy keeps
growing. If we see the changes, how can we convince those who have not? There are many
ways. And the way we choose is to measure them.
At the economic level we now have evidence of how ICTs impact growth, the
behavior of markets, investment, efficiency, innovation, and productivity. On the other hand,
outside the economic sphere, we have witnessed the changes in education, how people
socialize and communicate, broadcasting, the way in which citizens are empowered and
participate in politics and democracy. We see the changes, but how should we put them?
7.1 Summary
Measurement of the Information Society dates back to the 1960s. Machlup (1962)
attempted to count the share of the US GNP connected with knowledge as opposed to other
kinds of activities, while his follower, Porat (1977) took one step further and measure what
percentage of US national wealth originated with the production, processing and distribution
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of information goods and services. The reform of the telecommunications industry worldwide
expanded the research. Following the privatization of British Telecom in the UK and the
divesture of AT&T in the US in the early 1980s, the global telecommunications industry went
through a dramatic reform, which solved the mystery whether the telecom industry could
stand competition or not. Back then, researchers and policy-makers were keenly curious
about the consequences of the reform. As a result, measurement of the telecom industry’s
performance drew attention from both the academic and political world. In order to find out
how the reform had changed the industry, researchers started to collect data on performance
measures and compare them with those measured before the reform. Data was simply
primitive. Number of telephone lines was used to measure the size of the public switched
telephone network (PSTN) network, and number of employees per line to measure efficiency,
etc. These studies have become obsolete. However, they became the founding fathers of
measurement of the Information Society. Many of the measures used by these studies have
become a legacy, and still can be found in the latest measurement systems.
Studies on the digital divide continued the journey, and carried it a step further. The
digital divide had to be quantified, and thus measurement was necessary. Early measures
aimed to capture the essence of the digital divide focused on primarily on access and
infrastructure, end-user devices, and technologies, in hope of realizing more equitable
distribution of hardware, which had been criticized for its ignorance of social equity and
justice. Later, measurement of the digital divide tended to be more contextual, and started to
take into consideration people’s utilization of information and communications technologies
(ICTs).
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With the advent of the Internet and other great technological advances, the
telecommunications industry has expanded to be the information industry by merging with
the computer industry, the Internet industry, and various information services industries.
Society has become the Information Society, which has seemingly been accepted by everyone
without questioning. During this transition, the International Telecommunication Union (ITU)
became a lead research organization concentrating on measuring the Information Society as a
whole, supported by other international organizations such as OECD, the World Bank and the
United Nations. The last decade has witnessed the ITU’s efforts in developing and evolving
measurement of the Information Society, as well as those made by other institutions and
researchers. The ITU has designed more than 100 individual indicators, built five composite
indices, about one in every two years, with ever changing philosophical views on what
constitutes the Information Society. Despite these efforts, a close look at its indicators and
indices reveals their pitfalls and the reasons for lack of consistency. First, there is no
overarching theory that guides measurement. Their indices are technology-centric
(Pruulmann-Vengerfeldt, 2006). Although they are claimed to measure the Information
Society as a whole, in fact the indices are only able to measure a single side of the Society,
the technology side. They describe how much technology has accrued, but cannot explain
why it should, or what benefits it has brought to the society and people’s lives. Second, the
method used in building the indices is flawed. It restricts data to administrative records that
are the most available and easily accessible across various countries. However, the data is
limited as to what it can tell about the Information Society. In addition, indicator selection
and weighting are arbitrary and subjective, without a scientifically sound foundation. Equal
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weights are the most commonly used, which assumes that indicators are interchangeable and
contribute to the index to the same extent, and which conceals the complex correlations
among indicators.
The thesis primarily addresses these two issues with measuring the Information
Society. First, Chapter 4 proposes a theoretical and conceptual framework for measuring the
Information Society, by drawing on Maslow’s hierarchy of needs, theories of well-being, and
the Stiglitz-Sen-Fitoussi model. Maslow (1954) postulated a hierarchy of needs which
originally included five motivational levels of human behavior. Well-being is the condition of
an individual or a group’s social, economic, psychological, spiritual, and medical state. It is
mostly commonly used in philosophy to describe what is non-instrumentally or ultimately
good for a person (Crisp, 2013). Theories of well-being suggest that when people’s needs are
met, their well-being state will be improved, at least for a short term (Diener et al., 1999). It
can be then derived that when higher levels of needs in Maslow’s hierarchy are satisfied,
people’s well-being state is improved.
When applying Maslow’s theory to information, researchers find that information is
a necessity in order to satisfy each level of needs in the hierarchy (Nehnevajsa, 1965).
Following Maslow’s hierarchy of needs, studies have established similar hierarchies of
information value and seeking strategies (Norwood, 1999; Urwiler and Frolick, 2008). The
thesis further posits a hierarchy of information needs for the Information Society, and that the
satisfaction of information needs leads to information well-being, which is the construct on
which the framework is built. Information well-being is a state of comfort and happiness
derived from satisfying information needs, through attaining, processing, and consuming
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information. It is hypothesized that as higher levels of information needs are met, people’s
information well-being state grows.
However, we are unable to look into information well-being directly. It is barely
feasible to operationalize information well-being in a straightforward manner, for the way
information well-being is defined does not unearth its components. Instead, the hierarchy of
information needs provides an alternative way to estimate information well-being. Because of
the hypothesized link between information well-being and information needs, the thesis turns
to measure information needs as an estimate of the capabilities of society to achieve a certain
level of information well-being. In other words, a society’s information well-being state can
be roughly translated to the highest level of information needs that the society is capable of
satisfying, when conditions allow. The theoretical structure and components of information
needs form a hierarchy comprising connectivity, security, quality, enlightenment, and
empowerment in order from lowest to highest, as well as two moderating factors of
information democracy and socioeconomic context.
Drawing on various prominent indicator selection criteria, the thesis first proposes a
set of general indicator selection criteria to direct indicator selection and operationalization of
the seven components of information needs. The criteria are grouped into three categories:
important, practical, and technical. The importance of indicators refers to the extent to which
they are significant, useful, relevant, and representative (Brooks & Hanafin, 2005).
Practicality involves data availability, feasibility, cost efficiency, and timeliness. Finally,
indicators have to meet certain technical standards, including validity, reliability, sensitivity,
consistency, robustness, comparability, and interpretability. The criteria function only as
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general rules that guide indicator selection. Since not all the criteria are of equal importance,
their priority should be determined by specific research goals and resources and researchers’
evaluation, and should be clearly specified and documented.
Moreover, the thesis examines the indicators included in the indices that are
discussed in Chapter 2, and identifies the indicators that have been used repeatedly. These
indicators have been extensively studied and widely accepted, and therefore they should be
given priority when designing an index system.
The thesis moves on and discusses both objective and subjective indicators that are
potentially able to measure each component of information needs. The majority of the
indicators are drawn from the Handbook for the Collection of Administrative Data on
Telecommunications/ICT 2011, Measuring the WSIS Targets: A Statistical Framework 2011,
Education Indicators Technical Guidelines 2009, Report by the Commission on the
Measurement of Economic Performance and Social Progress 2009, and the indices that have
been discussed in Chapter 2.
After a preliminary broad set of indicators are chosen, they need to be subjected to
statistical tests, including the independent t-test and robustness test, for further refining and
finalizing. In addition, confidence in the final set of indicators may be maximized through
collaboration and consultation with primary stakeholders, expert panels and policy-makers.
One way of doing so is illustrated by Zeitlin et al. (2003), who used the Delphi process, a
formalized consensus method where a panel of people respond to a successive series of
questionnaires with the hope of achieving agreement on core indicators (Adler & Ziglio,
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1996).
Finally, the indicators have to be aggregated into a single number. The most
common way to do so is to build a composite index. Despite the shortcomings, composite
indices have increasingly been adopted as a means for performance comparison and
benchmarking, and to assist policy-making (Zhou, Ang, & Zhou, 2009), on account of its
convenience, ease of understanding, and wide acceptance.
Weighting is the most important step for aggregation, for it has a considerable
impact on the quality and reliability of the resulting index (Saisana, Saltelli, & Tarantola,
2005). As an alternative to judgmental weighting, mathematical weighting refers to reducing
information overload by mathematical analysis. The goal of this approach is to reduce the
number of intercorrelated indicators to a lower number of independent ones that reflect
sufficient variances. Moreover, in doing this, weights can be automatically determined by the
coefficients generated for each indicator.
In the end, by showing a hypothesized simple example, the thesis demonstrates the
application of an array of statistical tools to indicator selection, including descriptive statistics,
correlation matrix, exploratory factor analysis, regression, and data envelopment analysis.
The example uses 34 OECD member countries as a sample, and only includes a set of
objective connectivity indicators, for illustrative purposes. The foregoing statistical
techniques are then performed on the dataset, in order to finalize indicator selection and
designate weights. Descriptive statistics, correlation matrix, and exploratory factor analysis
are able to detect correlations and suggest the “best” set of indicators. As a result, in the
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example three preliminary indicators are eliminated from the finalized set on account of their
statistical insignificance. Regression and data envelopment analysis (DEA), on the other hand,
can be used to explore the intrinsic relationships among indicators and automatically generate
weights for each indicator. Although their results do not match exactly, probably due to the
fact that they use different algorithms to fit data, they provide an overview of weighting and a
general guide to weight designation. Weights should be finalized in consultation with
stakeholder, experts and policy-makers, as well as in accordance with research objectives and
user demands.
7.2 Policy implications
In US, two kinds of approaches are available when policy-makers stipulate
regulations: a data-driven approach and a results-driven approach. The past four decades has
witnessed a strong shift towards data-driven policy-making (Stone, 2001). This tendency has
been especially pronounced in the realm of media policy, where various empirical studies
have been used as evidence to support policy-making. Even the courts have increasingly
demanded that empirical evidence behind any policy decisions should be brought to their
attention (McGarity, 2005). As a result, the Federal Communications Commission (FCC) has
been under a reform that attempts to achieve open and transparent policy-making by better
involving data and better serve the public interest by enabling public innovation. In particular,
in June of 2010, the FCC launched the Data Innovation Initiative, which is one of its recent
actions to modernize and streamline how the agency collects, uses, and disseminates data, as
part of a comprehensive reform effort that is aimed at improving fact-based, data-driven
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policy-making.
When data-driven policy-making is in use, what data should policy-makers use?
And what can the data tell them? If the regulators go after open and transparent
policy-making, should the researchers pursue open and transparent research procedures as
well? The goal of the thesis is to have researchers and policy-makers think of designing
measurement in a scientifically sound manner. Researchers and policy-makers are reminded
of both the fruitfulness and pitfalls of the existing measures.
There has been a long tradition to measure technology penetration. Although it is
widely acknowledged that measurement systems need to be extended beyond technology
alone, they are not progressing quickly. The idea proposed by the thesis, while not totally
replacing conventional indicators, provides an opportunity to enrich policy discussions, and
to encompass individuals’ view of the Information Society.
Information well-being should include a full range of factors that affect people’s
needs for information and the satisfaction of these needs. Research should be people-centric,
or collectively, society-centric, rather than technology-centric. Actions should be taken to
improve connectivity, information security, information quality, information enlightenment,
and information empowerment, as well as promoting information democracy and cultivating
an equal socioeconomic environment. Education, marital status, race, employment, age, and
religiosity, all play a role in people’s information well-being state, as well as their general
well-being state. Inequities in human conditions are integral to the assessment of information
well-being. Each component of information well-being requires appropriate indicators aimed
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at measuring inequities. Inequities should be evaluated across people, socioeconomic groups
and generations, with special attention to those inequities that have arisen recently, such as
mobile Internet and the utilization of social networking sites.
Information well-being is a multidimensional concept that requires a plurality of
indicators. It is worthwhile to address the questions about how one component of information
well-being affects other components, and how the components are inter-related.
Policy-makers should put technological development in the social context, and avoid seeing
the wood for the trees. The ultimate goal is to promote the development of society and human
beings, not just a portion of them.
To sum up, a rigid research agenda and a sound theoretical foundation make an
index more reliable, valid and robust. The complete procedure of constructing an index
includes six key steps:
1) Identifying research goals and objectives, and the needs of the research’s
audience. Collaboration and consultation with primary stakeholders, expert panels, and
policy-makers is necessary in order to ensure that the final results will not deviate from the
audience’s needs.
2) Establishing a theoretical and conceptual framework,
3) Operationalizing the framework and developing an empirical structure,
4) Identifying indicator selection criteria, choosing and finalizing indicators, and
collecting data for them. Again, collaboration with the audience is necessary.
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5) Weighting and aggregating indicators by following scientifically sound
guidelines, and resorting to statistical techniques. Again, collaboration with the audience is
needed.
6) Assessing the quality and robustness of the results, and checking the validity.
Member checking is necessary. And finally,
7) Identifying both challenging and newly emerging themes from the results, and
making necessary amends to the model.
First, goals and objectives are the basis of research. They determine what purposes
the research serves and what outcomes should be expected. They are the motivation for the
research. The research would be irrelevant without reference to the objectives or users’ needs.
This fundamental step further affects each of the rest steps in the procedure. Therefore, the
accuracy and relevance of the research to a large extent depends on whether research goals
and users’ demands are clearly identified. Second, theories are important to guide research
and ensure rigidity. Without an appropriate theory, research practices may stray away from
the objectives, or even get lost in the dark. A theoretical framework should be established in
this step. It maps the concepts and constructs and hypothesizes the relationships among them.
Third, concrete variables are derived from the abstract concepts through operationalization,
which makes the research practical and sensible. Fourth, the indicator selection criteria are
prioritized, again based on research objectives and users’ needs. Indicators that meet the
criteria with high priority should be picked, tested, and finalized. Data for these indicators are
then collected and prepared. Fifth, weights are assigned to each final indicator. They can be
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generated through a combination of expert opinions and application of statistical techniques.
Finally, the validity and robustness of the results are thoroughly examined. Throughout the
whole procedure, consultation with the audience and users is necessary.
7.3 Limitations and future research
The purpose of the thesis is to disclose and arouse awareness of the pitfalls in the
existing measures of the Information Society, and to show that it is possible to do research in
a scientifically sound, a priori way. However, all that has been said up to the point should be
used with caution due to the limitations of the thesis, primarily with regard to the truthfulness
of the theoretical and methodological frameworks, which are far from being perfect. The only
expectation of the thesis is to open a door into new thinking, but the thesis does not
necessarily represent new thinking. The thesis accomplishes its mission even if it is only a
door opener.
In particular, the shortcomings of the thesis include but are not limited to:
z

Lack of solid rationale and evidence underneath the links among theories

z

Lack of scrutiny for each subjective/objective indicator

z

Lack of clear definition of subjective indicators

z

Lack of well-designed questionnaires and protocols

z

Lack of a concrete empirical study plan

On the other hand, having been able to work on the new model, despite these issues
is, is one of the successful outcomes. In addition, some of these issues may be persisting due
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to the ever-changing nature of technology that puts at stake many theories and
approximations within several months range. And this requires research and models to be
designed in dynamic terms and not statically.
Moreover, these shortcomings help set the agenda for future research, although it is
barely feasible to squeeze them all in one single research project. Immediate work could start
with strengthening the theoretical framework in two ways. First, to find concrete connections
to more established and tested theories, and to build relationships between our research and
other fields and disciplines, such as human development. Second, the thesis has reviewed
what had been done and put it all together. The next step should be going one step beyond
and finding new paths from it by exploring all the relevant aspects of the Information Society
still not covered in this thesis.
A little further work could involve refining the methodological framework.
Operationalization of information needs should follow more rigorous instructions, and
provide a comprehensive pool of indicators for empirical studies to choose from. Especially
subjective indicators should be better developed and operationalized. Empirical studies
should be encouraged to provide feedback to the theoretical framework, as well as the
methodological one, by testing hypotheses derived from the model. Finally, Maslow’s
hierarchy was chosen because it seemed to be the most comprehensive and the best fit for the
purpose of illustrating information well-being; however, other human motivation theories in
addition to Maslow’s hierarchy could be examined for comparative insights.
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