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TECHNOLOGIES ON TOTAL FACTOR PRODUCTIVITY IN THE CONTEXT OF
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The goal of this research is to establish a link between investments in information and
communication technology (ICT) and economic growth in the context of countries that
are currently classified by the international community as transitional economies (TE).
More specifically, in this study we focus on the relationship between ICT and one of the

determinants of economic growth, total factor productivity (TFP). Neoclassical growth
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accounting and the theory of complementarity provide the theoretical framework on
which we build this research. By combining the data obtained from two sources, the
World Bank Database and the IT Yearbook, we were able to construct a 10-year data set
for 18 TEs spanning the period from 1993 to 2002.

Our inquiry is structured as a seven-step process that utilizes six data analytic
methods. The first step in our investigation involves Cluster analysis (CA) with the
purpose of determining whether or not the selected set of TEs is homogenous. Use of CA
allowed us to identify two distinct groups of TEs in our sample, which suggests the
heterogeneity of the sample.

In the second part of our inquiry, we employ Decision Tree (DT) analysis with the
goal of investigatihg the differences between the clusters of TEs that were generated by
the CA in the previous step. We were able to determine that one of the groups of TEs, the
“leaders,” appears to be wealthier than the other group, the “majority.”

In the next step of our investigation, we perform Data Envelopment Analysis
(DEA) to determine the efficiency of the TEs in our set. We were able to determine that
the “leaders” are more efficient than the “majority” not only in terms of the production of
the output, but also in terms of the utilization of the inputs.

The fourth part of our investigation takes advantage of the DT analysis with the
purpose of obtaining the insights into the nature of the differences between the efficient
and inefficient TEs. By incorporating the results of the CA into DT analysis we were able
to construct the model that suggests, with the high degree of precision, some of the

criteria according to which the efficient TEs differ from the inefficient ones.
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The fifth stage of our investigation involves the use of the Translog regression
model for the purpose of determining whether or not there exists a set of investments that
are complementary to the investments in ICT. We have determined that there exists a
statistically significant interaction effect between the investments in ICT and other
variables, representing state of labor, as well as capital investments.

The sixth part of our investigation relies on using Structural Equation Modeling
(SEM) implemented with Partial Least Squares (PLS) to test for the presence of the
relationship between the investments in ICT and the unexplained part of the
macroeconomic growth, TFP. We were able to establish the presence of the relationship
between the two constructs of our conceptual model, “ICT Capitalization” and “TFP” for
the “leaders” group of our sample. The construct “ICT Capitalizatioh” was represented
by the three ratio measures, all of which contain variable “Annual investment in telecom”
in the denominator, while the Malmquist Index and its components, TC and EC.,,
represented the construct “TFP.” Thus, it allows us to state that we have established the
presence of the relationship between the investments in ICT and TFP.

The last step of the data analysis involves using Classification DT and Neural
Network (NN) analyses with the aim of investigating the reasons why some of the TEs
exhibit statistically significant relationship between the investments in ICT and TFP,
while other TEs do not. We were able to determine that one of the reasons why the
“leaders” exhibit the statistically significant relationship between the investments in ICT
and TFP is that they have higher level of inputs and more efficient processes of

converting the inputs into the outputs than the “majority.”



CHAPTER 1 Introduction

~ 1.1 Connecting ICT and Economic Growth: Where It All Began and Why It Is Important

The goal of this research is to establish a link between the investments in
Information and Communication Technology (ICT) and economic growth in the context
of the set of the countries that are currently classified by the international community as
‘Transitional Economies’ or ‘Economies in Transition’. The term “transition” in this
context refers to transition from a command economy to a market economy (Piatkowski
2003).More specifically, in this study we shall focus on the relationship between ICT and
one of the determinants of the economic growth, that of Total Factor Productivity (TFP).

According to Neoclassical Growth accounting model (also known as Solow’s
growth model), which provides theoretical framework for this study, overall economic
growth could be broadly partitioned into the two components: first, explained growth and
second, TFP, or unexplained growth. Explained growth comes from the growth in the
inputs, such as increases in labor and the investments, while unexplained growth cannot
be explained by the growth in inputs. Consequently, because TFP cannot be explained by
the Neoclassical Growth model, it is often referred to as Solow’s residual. Another term

that is commonly used to refer to TFP is Multi Factor Productivity, or MFP.

1
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2
In this light, this research aims to establish the relationship between the

investments in ICT and the unexplained economic growth, namely, the subset of the
economic growth that cannot be accounted for by any investments in ICT.

Broadly, the relevance and importance of the research question that we are
trying to address in this paper could be perceived from three hierarchical perspectives. At
the lowest level of granularity, we ask “How do investments in ICT affect TFP of the
Transitional Economies (TE)?” At the second level, knowing, that TFP is one of the
determinants of macro-economic growth, the question could take the form of “How do
investments in ICT impact and contribute to the overall economic growth of TEs?”

We assume, together with the research and economic development community of
the world, that the results of the overall economic growth in TEs would, at least partially,
be directed at the reduction of poverty. Thus, finally, and we believe, most importantly,
this research could be perceived as an important contribution to answering the following
question: “How do investments in ICT, by affecting TFP, contribute to economic growth
and, as a result, to poverty reduction in the Transitional Economies of the World?”

The original reason for linkihg investments in [CT and economic growth is the
following. It is commonly agreed that there exists a set of factors that determine macro- .
economic growth, which could manifest itself in such a form as, let us take the most
commonly used measure, an increase in Gross Domestic Product (GDP). A number of the
developed countries (especially the US and some’of the countries of the EU) have
experienced a well-documented strong economic growth over an unusually long

(early1990s-2000) period. Multiple studies, including research by the Organization for



Economic Development and Cooperation' (OECD 2001), attempted to identify the
sources of the uncharacteristic ‘growth spurt’, as well as to uncover the reasons
explaining why some countries have done better than others have. The modern economic
theory helps in this inquiry, for it provides a few vantage points from which this research
question could be approached and invéstigated. From the perspective of neoclassical
growth accounting, for example, economic growth could come from two sources. First,
the increase in GDP may be brought about by the increase in the available resources, i.e.,
labor and capital, as well as by the efficiency and effectiveness of labor and capital
utilization. On the other hand, economic growth could be the outcome of the increase in
TFP. The studies have concluded that none of the factors listed above (i.e., increase in
TFP, or increase in availability and efficiency of labor and capital) appeared to be the
most important. Instead, a new factor, associated with information and communication
technologies, has been identified as driving the economic growth (Colecchia and

Schreyer 2002).

' The OECD is a forum where the governments of 30 democracies work together to
address the economic, social and environmental challenges of globalization.. The
Organization provides a setting where governments can compare policy experiences, seek
answers to common problems, identify good practice and work to co-ordinate domestic
and international policies. The OECD member countries are: Australia, Austria, Belgium,
Canada, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Japan, Korea, Luxembourg, Mexico, the Netherlands, New
Zealand, Norway, Poland, Portugal, the Slovak Republic, Spain, Sweden, Switzerland,
Turkey, the United Kingdom and the United States. The Commission of the European
Communities takes part in the work of the OECD. (source: www.oecd.org)



1.2 ICT and Economic Growth in the Context of TE: Proposed Contribution

The research in the area of ICT-driven economic growth is not driven by any
grand theory according to which the link between ICT and economic growth must exist.
Quite contrary, the research i1s driven by the desire to build a theory that could explain
what took place in some econbmies, or dismiss the observed relationship as a one-time
fluke. All what is known at this point is that the relationship between investments in ICT
and rapid economic growth has been observed over the period of time in one context. It is
currently conjectured, that the relationship of the same sort could exist in a different
setting, that of TEs. However, the research in this area is too scarce to answer this
question conciusively. Thus, we intent to contribute to the existing body of knowledge in
this area by analyzing the data that we obtained from public sources, and by determining,
if in fact the relationship between ICT and economic growth, which have been observed
in the setting of developed countries, can be observed in the setting of TEs. As we
proceed, we attempt to identify a set of complimentary factors that may affect the

strength of the relationship and offer the possible implications for policy-making.

There are no obvious reasons to suspect why ICT, investments in which can fuel
the economic growth of the developed countries, may not produce the same result for the
economies in transition. The plummeting cost of ICT, after all, makes the investments in
ICT attractive for the policy makers and investors alike. However, in the absence of a
sufficient number of empirical studies, researching the nature of the relationships

between investments in [CT and economic growth in the context of TE, the two shall
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remain linked by not much else than the broad generalizations, some anecdotal evidence,

and hope.

With this short preamble, we now offer a brief overview of, and an introduction
to, the issues that we consider essential for understanding the problem this research is
trying to address. In addition to its introductory role, the material provided below
attempts to draw a broad picture, the purpose of which is to demonstrate how four
different concepts, namely, the investments in ICT, TFP, economic growth, and poverty

reduction, fit together.

1.3 Role of ICT in Economic Growth and Poverty Reduction: Current Perspectives

On September 8, 2000, the General Assembly of the United Nations (UN) adapted
a UN Millennium Declaration containing Millennium Development Goals (MDG). One
of the eight goals is directed at the eradication of extreme poverty and hunger in the
world. The concept of poverty is commonly and understandably considered to be a
multidimensional construct; thus, alleviation of poverty is not perceived by the global
community as a problem with a single factor solution. Rather, poverty reduction calls for
a multidimensional approach that incorporates a number of factors working together.
Economic growth, commonly represented by the increase in Gross Domestic Product

(GDP), is considered to be one of the key factors that could contribute to the reduction of

poverty.
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Granted, economic growth does not necessarily lead to ‘pro-poor growth’?,

however, reductions in poverty are much more difficult to achieve without economic
growth. Moreover, the World Bank’s economists (Daly 2003) have documented strong
correlation between national economic growth and poverty reduction. Studies by Adams
(2002) in the context of 50 developihg countries over the period from 1980s to 1990s,
Ravallion (2001) in the context of 50 developing countries in 1990s , and Bruno et al.
(1998) in the context of 44 developing countries over the period from 1981 to 1992, have
found that regression analysis of poverty on growth yields a negative, statistically
significant, relationship. This implies that lack of economic growth is associated with
lack of reduction in poverty. Similarly, Christiansen, Demery and Paternostro (2002)
used a sample of eight African countries to establish that economic growth is responsible
for poverty reduction via growth in mean income. Overall, the current literature on
economic growth and poverty suggests that there exists a consensus regarding the
relationship between the two, namely, that economic growth actually reduces the

incidence of poverty.

The Department for International Development (DFID)3 , In agreement with the
consensus shared by the research’ and economic development communities, identified
four conditions that may contribute to the acceleration of the overall economic growth

(OECD 2005b). One of these conditions is the creation of strong incentives for

* It is common to refer to the economic growth resulting in significant poverty reduction as ‘pro-poor
growth (OECD 2005a)

? The Department for International Development (DFID) is the part of the UK Government that manages
Britain's aid to poor countries and works to get rid of extreme poverty. (source:
http://www.dfid.gov.uk/aboutdfid/)
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investment. The role of investment is to promote growth and innovation, which, as a

result, bring about an increase in productivity, thus contributing to overall economic
growth (Foy 2003). The overall relationship between determining factors (including
investment), economic growth, and poverty reduction is depicted in Figure 1(reproduced

from OECD 2005b).

Figure 1 below illustrates that achievement of poverty reduction is dependent on
the economic development of a country, and each of the determining factors must
contribute to the overall economic growth expressed as an increase in GDP. The
significance of this for investment is that in order for the investment incentives to exist, it
must be demonstrated that investments do actually translate into an increase in GDP. As
for the problem of poverty reduction, it is becoming a matter of distribution of the

increasingly available resources that are brought about by economic growth.



rm—

Physical Capltal\)
Infrastructure}
\\»( /

\\-m_,‘,"uf“
e p P m.\\ | e .
¢ Poverty ™ { : .‘ 3 i \\ / ™
k Reduction )_ Economic Growth ; ./ Human Capital \
T 7 e / {Educaton - Heaith) j*\ Macroeconomic
B L e— e Stability 4
\/ T {Inflation cortrof, l
~ T \  finance foreign |
u ™ Debt Refief /

4-—"" \ exchange poiicies}

- ~. /
/ Ineguality of \\ iRisk, goncessronax
‘ income- \\\ 0ans) /
\ assets distribution / et

\\w_~ e . x“/
// \\“\ /"/ Economic lntegraﬂon ™
/ |nstrtutxonslGovemance { {Trade, Foreign \W
{Legal system, IPR protection, \ \\ D;ectln\estment)

——

corruption. privatisation, |
expenditure cantrof, |

\ fiscal reform. de-regulation

s, demaocratisation)
~

S e

",

S

i

Figure 1 Economic growth and poverty reduction: determining factors

1.4 Linking ICT and Economic Development: Implications for the Poverty Reduction

Policies

On November 20, 2001, the UN Secretary-General established, per request from
the United Nations Economic and Social Council, an Information and Communication
Technologies Task Force. The purpose of this initiative was to provide a global

dimension to the efforts in bridging the ‘digital divide®, to encourage digital opportunity,

* The digital divide is a social/political issue referring to the socio-economic gap between communities that
have access to computers and the Internet and those who do not. The term also refers to gaps that exist
between groups regarding their ability to use ICTs effectively, due to differing levels of literacy and
technical skills, as well as the gap between those groups that have access to quality, useful digital content
and those that do not (source: "http://en.wikipedia.org/wiki/Digital divide")



9
and to place information and communication technologies (ICT) at the service of the

development for all countries (Martinez-Frias 2003).

In the same year, the UN Commission on Science and Technology for
Development (UNCTAD) selected “Technology development and capacity-building for
competitiveness in digital society” as a theme for its 2001-2003 intercessional period.
The particular attention within this theme was dedicated to the question of how the level
of economic development of the developing countries could be incrgased by means of

assimilation and application of ICTs.

The Development Assistance Committee (DAC)’ of the Organizatioh for
Economic Co-operation and Development (OECD) suggests that in order to understand
the potential contribution of ICT to pro-poor growth, it is necessary to understand the role
of ICT in overall macro-economic growth, of which pro-poor growth is a subset. The
DAC proposed the existence of the relationship between ICT and pro-poor economic

growth, which is depicted by Figure 2 (reproduced from OECD 2005a).

If, indeed, as proposed, ICT does have a positive impact on the increase in GDP,
than this contribution must be factored in in the general poverty reduction policies, and

any good policy development depends on the understanding of the true nature of

* In order to achieve its aims the OECD has set up a number of specialized committees. One of these is the
Development Assistance Committee, whose members have agreed to secure an expansion of aggregate
volume of resources made available to developing countries and to improve their effectiveness. The
members of the Development Assistance Committee are Australia, Austria, Belgium, Canada, Denmark,
Finland, France, Germany, Greece, Ireland, Italy, Japan, Luxembourg, the Netherlands, New Zealand,
Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom, the United States and the
Commission of the European Communities. (source: www.oecd.org).



economic impact of ICT, as well as the factors that might constrain or enhance it (OECD

2004).
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1.5 Investments in ICT and Economic Growth: Is There Enough Evidence Linking the
Two?

The need for the evidence of the relationships between ICT investments and
economic growth, while evident in the majority of the economies of the world, is
magnified in the developing countries, least developed countries and the economies in
transition. This need for proof arises because many of such countries have not exhausted
yet more traditional, straightforward growth reserves as, for example, privatization,

institution building, elimination of loss-making state-owned enterprises, and others. As a
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result, investment in ICT might appear as a form of ‘luxury’, which has to compete with

the more traditional, ‘bread and butter’ investments, such as those made in agriculture,
infrastructure and industry. And unless ICT can be demonstrated to be a solid contributor
to the country’s economic well-being, it will be considered by many as unaffordable and

impractical.

If, however, the link between ICT and economic growth is established, then ICT
may be perceived as one of the tools for economic and overall development. And in this
context, according to UN task force of ICT, it may provide support not just for the goal
associated with pro-poverty development, but for all eight goals included in the UN
Millennium Declaration (Martinez-Frias 2003). As a result, experiments and initiatives to
use ICTs to combat poverty and promote economic growth and sustainable development
in developing countries, economies in transition, and least developed countries, rooted in
recognition that quickly accessed, properly adapted and broadly shared information and
knowledge are key drivers of economic growth and social opportunity, has proliferated in

recent years (OECD 2003c).

While still being short on the actual evidence, the latest research activities in this
area provide some important insights into the possible relationship between
macroeconomic growth and the investments in ICT. DAC suggests, for example, that in
regard to the overall economic growth, contribution of ICT could come from the
increases in efficiency and productivity, as well as from its positive impact on the sectors

of economy that are acknowledged to be key drivers of overall growth (OECD 2005b).
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In particular, because ICT products and services represent both inputs to the

industries that use ICT products, and, at the same time, outputs from ICT-producing
industries, Piatkowski (2004) suggests that ICT may contribute to the increase in GDP in
the following four ways. First, production of ICT goods and services can contribute
directly to the aggregate value added generated in an economy. Second, contribution to
GDP could come from the increase in total factor productivity (TFP) of production in
ICT sector, which contributes to aggregate TFP growth in an economy. Third, ICT capital
could serve as an input in the production of non-ICT goods and services. Finally, increase
in productivity in non-ICT producing sectors, induced by the production and use bf ICT
* (so called ‘spillover effects”), could contribute to economy-wide increase in TFP, and, as

a result, to the increase in GDP.

In the context of OECD countries, mvestments in ICT could influence
macroeconomic growth through the following four channels. First, the ICT investments
could contribute to the technological innovation and high volumes of demand generated
by an ICT production sector. Second, contribution could be made by means of “capital
deepening,” through the increased capital input per worker, which enables more efficient
production that results, in turn, in increased labor productivity. Third, investments in ICT
could contribute to TFP by means of increasing 'the efficiency in combining capital and
labor. Finally, impact to the macroeconomic growth could be achieved through the
increased 1CT-based networking between firms, which reduces transaction costs and

accelerates innovation (OECD 2004).
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Investments in ICT can clearly facilitate macro-economic growth in the developed
countries (OECD 2005a), and contribute to an acceleration in GDP and labor productivity
rates (Piatkowski 2004), just as they did during the 1990s for the US (Jorgenson 2001;
Jorgenson and Stiroh 2000; Oliner and Sichel 2002; Stiroh 2002) and number of
countries of European Union ( Colecchia and Schrej/'er 2001; van Ark et al. 2002; Daveri

2002; Jalava and Pohjola 2002).

Despite the ample evidence of the positive impact of ICT investments on the
economies of the developed countries, the research concerning the effects of ICT on
developing and transition economies is scarce. Among the few, IMF (2001) and Lee and
Khatri (2003) reported on positi\}e effect of ICT to economic growth in selected
countries of South Asia, and Piatkowski (2003a, 2004) provided some estimates of ICT
to growth and labor productivity in the Eastern European countries —former members of

the Soviet block.

However, even if the research concerning the outcomes of ICT on economic
development of developing countries produces evidence of a positive effect, the
magrﬁtude of the effect is incomparable with the effects of ICT on economic growth in
developed countries. According to Pohjola (2001), the relative contribution of ICT to
GDP growth in developing countries (China, India, Argentina, Chile, Brazil, Thailand
and Venezuela) during the period between 1980 and 1995 was less than 2 percent, while
for such developed countries as US, Finland, Canada, Sweden, and UK, contribution was

more than 10 percent (Piatkowski 2003a).
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[t 1s important to note at this point, that when ICT-driven economic growth
occurred in some of the developed countries, ICT deployment there was almost always
accompanied by the complementary investments in, for example, organizational
infrastructure (more on this topic and the relevance of it to this research later). The
research and development community currently considers the absence or insufficient
level of the complementary investments (not limited to the micro-economic level of the
firm) to be one of the reasons why the impact of ICT investments does not manifest itself
in the form of an improved productivity growth at the macroeconomic level (Pohjola
2002). Not much at this point is known about what type of complementary factors
determine the successful translation of the ICT investments into productivity-driven

growth in GDP.

1.6 Impact of ICT on Economic Growth: Mixed Evidence and Plenty of Suggestions

Thus, the actual impact of ICTs on macro-economic growth of developing, least
developed countries and economies in transition is not yet clear. Some of the studies put
in doubt the assumption that ICT investments in developing and least developed countries
would result in an increase in the level of economic development (Avgerou 1998;
Morales-Gomez and Melesse 1998). Kraemer and Dedrick (2001) state, quoting the result
of a comprehensive cross-country empirical study on returns of IT investments in

developed and developing countries by Dewan and Kraemer (2000), that the returns on
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the investments in ICT are “positive and significant for developed countries, but not

statistically significant for developing countries” (p.262). Dewan and Kraemer (2000)
suggest that this disparity may be the results of the differences in the capital stock and
infrastructure, which, as the authors conclude, serve as prerequisites for ICT investments
to be productive. So far, only the study by Pohjola (2001) was able to find that the ICT
contributes to economic growth in developing countries. Kraemer and Dedrick (2001)
suggest that one of the possible reasons for the lack of contribution of ICT investments to
economic growth is the lack of complementary investments that are required in order for
ICT to be properly utilized. Piatkowski (2002) concurs, in addition suggesting, in
agreement with Murakami (1997), that size of ICT investments could be too small to bear

upon any sizable economic growth.

There is no immediate reason why the economies in transition would not profit
from the investments in ICT on the macroeconomic level. After all, to benefit from the
growth impulses supplied by the use of ICT, as a capital input, a country does not have to
have an ICT producing sector (Colecchia and Schreyer 2002). Nevertheless, at this point
the conclusion whether or not ICT affects the overall economic growth in transition
economies could not be made, for the existing empirical evidence is limited.
Theoretically, however, the arguments linking ICT and economic growth have been
presented (Madden and Savage 1998; Eggleston, Jensen and Zeckhauser 2002), and this
theoretical support provides an additional incentive to conduct more studies in this area.
But so far, as a result of the scarcity of the empirical evidence, the only option at this

point for the development community is to assess, hypothetically, how the differences
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between the economies in transition and developed economies are likely to affect the

impact of ICTs. And while the researchers in this area might disagree on whether or not
ICT contributes to the increase in GDP, the consensus is that more research is needed
because hardly any relevant studies have been done outside the OECD area (OECD
2004). Thus, “substantive research is'urgently requifed if investment commitments are to
be made — by the private sector or development agencies — with any real understanding of

likely outcomes” (ibid p.4).

1.7 Impact of ICT on Economies in Transition: Building on the Existing Research

Any research dedicated to discovering the links (or lack thereof) between ICT and
economic growth of TE could benefit, instead of starting from scratch, by taking into
consideration the relevant findings that have been discovered by the OECD research in
this area, while adjusting, however, for the intrinsic differences that exist between
developed countries and the rest of the world. Thus, for example, OECD research
demonstrated that a number of complementary factors in the business environment
influence the extent of the impact of ICT on business performance. In the context of the

developed countries, the following five factors are considered particularly important.

First factor refers to the nature of the business, i.e., whether or not the business
can make more extensive use of ICTs to change processes and their relationships with

customers and suppliers. The second factor refers to the extent of competition and the
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nature of the regulatory environment. In this regard, OECD research concluded that more

competitive and less regulated business environments could take greater advantage of
innovation that is provided by ICT, thus contributing to the macro-economic
performance. The third factor reflects the relative costs of ICT deployment, which takes
into consideration both direct and indirect costs. The fourth factor considers the amount
and quality of human capital available, where a better skilled and equipped workforce is
more likely to achieve higher rates of [CT-related innovation and increased productivity.
Finally, the fifth factor considers the importance of the flexibility of the business
environment, where capability for the restructuring and reorganization allows for better

utilization of the opportunities offered by ICT (OECD 2004).

Granted, it is highly unlikely that the applicability of the complete set of
complimentary factors can be directly transferred from OECD to the TE environment.
However, the notion of complementary factors, which are required if we are to take
advantage of what ICT has to offer to TEs, must be kept in mind with the purpose of
discovering another set of factors, quite possibly unique ones, which may influence the
impact of diffusion and use of ICT, affecting, therefore, the impact of ICT on business

performance and overall economic growth.

There is, undoubtedly, a significant difference between the developed countries
and the economies in transition. However, the presence of the differentiating factors does
not indicate that the investments in ICT would not take place in the context of TEs.
Rather, the differences suggest that the rate of the investments will probably be slower.

Consequently, the effect of ICT on productivity and economic growth would likely
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manifest itself over a longer period of time. The economies in transition present a
particularly interesting case for the research because they share economic characteristics
with both developed and less developed economic regions (OECD 2004). As a result,
transition economies may be perceived as a good vantage point from which the

relationship between the investments in ICT and growth in TFP can be investigated.

On this somewhat positive note, we conclude the introduction and the general
overview of the problem area to which this research is intended to contribute. Next two
parts of the paper are dedicated to the overview of the theoretical framework used in this
paper, as well as to a more detailed and rigorous definition of the research problem at

hand.



CHAPTER 2 Overview of the Theoretical Framework

2.1 Growth Accounting

To approach our research problem we rely on a neoclassical framework of growth
accounting. This framework originated from the work of Solow (1957) and since then has
been used widely by other researchers (Oliner and Sichel 2002).

The objective of growth accounting is to decompose, using neoclassical production
function, the rate of growth of the economy into the contributions from the different
inputs. Neoclassical production function relates output and inputs in the following

manner

Y=f(A,K,L)

Where

Y= output (most often in the form of GDP),

A= Total Factor Productivity (sometimes also referred to as the level of technology),

K= capital stock, and

L= quantity of labor, or size of labor force.

Based on the function shown above, growth accounting uses the Cobb-Douglas

production function:

19
Sergey Samoilenko
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Yy=A*K**LP

Where
a and P are constants determined by technology.

In the case of constant returns to scale®, a + f = 1, and thus = 1- o, which gives the

following formulation:

Y=A*K**L"™

It is important to note that this function does not necessarily represent the true
relationships between the inputs and the output; rather, its purpose is simply to serve as a
vehicle of the exploration and interpretation of the macroeconomic growth.
Out of the three inputs used by growth accounting, only capital, K, and labor, L, can be
observed in the data, while TFP serves as a residual (often referred to as Solow’s
residual) term capturing that contribution to Y (GDP), which is left unexplained by the
inputs of capital and labor. Thus, important difference between the three inputs used by
the Cobb-Douglas production function is that two inputs (K and L)’ are provided by the
data, while the third imput (A) is computationally derived. Therefore, the computed value
of A would include not only all improvements that are derived from the utilization of the
capital and labor, but any errors that have been made from estimation of the inputs of K

and L as well.

OIf o+ B >1, returns are increasing to scale, and if @ + B <1, returns are decreasing to scale

7 In the context of this research K represents a combination of the capital investments in ICT that we denote
Kjcr, and the other types of the investments that we designate as K,,,..cr - Similarly, L represents a total of
ICT-related labor force, denoted by L,cr , and the other types of the labor that we designate as L,,.;cr-
Thus, Cobb-Douglas production function becomes ¥ =A * K;cr® * Knonm1cr® * Licy ™ * Lyoptcr (more on
that in the next section, where we formally define our problem).
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If we are interested in changes in output at a period of time 7, then formulation of

the production function becomes

Y[ = At * Kta * Ltl_a
Where

t = time period of interest. We could, having empirical data on Yy, K, and L., express

and compute changes in TFP as follows:

At = Yt /(Ktu i L(l-a)

One of the appeals of using the neoclassical growth accounting framework lies in
its simplicity; after all, only two factors, the TFP growth and rate of increase in inputs,
are used to explain the growth rate of the output. As a result, this relationship reflects the
fundamental assumptions of the framework, namely, presence of technological progress
and the growth of labor. However, the flip side of the simplicity is somewhat limited
explanatory capability of economic growth. For example, while assuming technological
progress, the framework neither explains the sources of the progress or the factors that
affect the progress, nor does it account for any possible interactions between the
technological progress and capital growth. In reality, though, capital investments would
be affected by the technological progress, for the progress in information technologies
has fueled capital investments in the economies of the US and the other developed

countries.

Finally, according to another assumption of the growth accounting framework,

that the capital is subject to the law of diminishing returns, convergence of the poor and
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wealthy economies must take place. The reality, however, reflects that the gap between

poor and rich countries of the world is widening.

Nevertheless, the use of the growth accounting framework for the purposes of
researching contributions of ICT investments to macroeconomic growth of TEs appears
to be warranted, for this analytical framework has been used widely to estimate
contribution of ICT to economic growth in the context of developed and developing
countries (Oliner and Sichel 2000; Schreyer 2000; Davery, 2000; Jorgenson and Stiroh

2000; Whelan 1999; Hernando and Nunez 2002).

Tuomi (2004) notes, however, that while the reliance on neoclassical framework
of the most influential studies on ICT productivity and growth allows taking advantage of
its theoretical assumptionsg, in the ICT-related and knowledge-intensive sectors of
economy, such assumptions are not easy to justify empirically. Nevertheless, despite
presenting the argument that in the strict sense the common interpretation of the rapid
growth in TFP as being ICT-driven is not in complete agreement with the neoclassical
framework’s exogenous nature of TFP, Tuomi (2004) agrees that it would be natural to
expect that ICTs would reveal their productivity impact on the overall economic
“efficiency and become visible in TFP. And, indeed, Van Ark et al. (2002) have
demonstrated that the extensive investment in ICTs is associated with the improvements

in total factor productivity.

¥ Such as constant returns to scale of production, perfect allocation of resources and investments, and
competitive markets, where suppliers cannot influence prices (Tuomi, 2004)
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Rarely, however, should any type of an investment made on the macroeconomic
level be perceived and considered in isolation. Rather, it is more beneficial to search and
identify a set of complementary factors that allow magnifying the potential benefits of the
investment. Often, such complementary factor, or a set of factors, is represented by other
types of investments, sometimes in entirely different areas of the economy. In this paper
we use Theory of Complementarity as a theoretical framework that supports our search
for the complementary to ICT investments. A brief overview of Theory of

Complementarity is offered next.

2.2 Theory of Complementarity

Initially introduced in economics by ‘Edgeworth (1881), the concept of
Complementarity refers to the notion that the increase in one factor could result in the
increased benefit received from its complementary factors. We apply theory of
complementarity to our research problem in order to argue that if the benefits of the
investments in ICT are to be reaped successfully at the macroeconomic level, then such
investments could not be made in isolation from the investments in other areas. Thus, if
the two investments, one in ICT and another one elsewhere, are more effective when
taken jointly, rather than separately, we consider such investments complementary.

Complementarity of investments have been investigated in the context of the

Research and Development (R&D) portfolios by Lambertini (2003), Lin and Saggi
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(2002), Rosenkranz (2003) and in the context of process and product innovation by Athey

and Schmutzler (1995). In a context more relevant to this research, Giuri, Torrisi, and
Zinovyeva (2005) explored the complementarity between skills, organizational change,
and investments in information and ICT; Bugamelli and Pagano (2004) studied the
complementarity between investment in ICT and the related investment in human and
organizational capital; Gera and Wulong (2004) examined complementarity of the
investment in ICT and organizational changes and worker skills, and Loukis and
Sapounas (2004) inquired into the complementarity between IS investment and the set of

IS management factors.

However, even if the complementarity of the investments exists within a given
production function, it could not be identified through the formulation offered by Cobb-
Douglas production function. Complementarity of the investments could only be
discerned if the formulation allows for the presence of the interaction term between the
specified investments. Thus, we turn our attention to the transcendental logarithmic

production function, a brief overview of which is offered next.

2.3 Transcendental Logarithmic (Translog) Production Function

The standard Cobb-Douglas production function, as it was mentioned before, has

the form of
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Y=A*K** L

By taking the logarithm, the following formulation is obtained:

log Y=1og A +alog K+ BlogL

An extension to the given above formulation of the Cobb-Douglas production function,

which has a more general and flexible functional form, was proposed by Christensen,

Jorgenson and Lau (1973) and is called the transcendental logarithmic (translog)

production function. The formulation of the translog is:

log Y= 0o+ 0y log K + o log L + % oy i (log K)* +% o (log L)* + 0y log L* log K
(Christensen, Jorgenson and Lau 1973)

Thus, the following general forms for the Cobb-Douglas production function and the

translog production function may be offered, given Y = f (A, K, L) and considering that

A is a residual that can be expressed as an error term “e”

Cobb-Douglas Production Function:

logY=PBo+PslogK+PologL+e

Translog Production Function:

log Y =B o+ B +log K + Baslog L + B 3+log K*+ P 4slog L*+ B sslog K* log L + e

It is easy to see that the Cobb-Douglas function is ‘nested’ in translog function, and test

of the hypothesis that both functions describe production process equally well would

entail testing the following null hypothesis:

Ho: B3=B4=Bs=0
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Translog production function is more flexible than Cobb-Douglas function in the sense

that it allows testing for the presence of the interactions between the variables. For
example, let us say that we are interested in investigating the following production

function:

Y =f(A, Kict, K non-icm, L),
Where
Y= output (GDP),
A= the level of technology/ Total Factor Productivity,
Kicr = investments in Information and Communication Technology
K on-icT = Investments in non-Information and Communication Technology
L= quantity of labor/size of labor force.
Then we could test for the presence of the statistically discernible interaction

between the two types of the investments (ICT and non-ICT) using translog function as
follows (again, keeping in mind that A is a residual expressed as error term “e”):

log Y =B o+ P i=log Kicr + B 2+ K nonter + B 3= log L+ B 4= log Kier > +

+PB sxlog K nonict >+ P e+ log L+ B 7« log Kier * log K nonict + B g+ log Kicr « log L +B
9+ log K nonicr+ log L + €

Then the test for the presence of the interaction would involve testing of the following

hypothesis:

HO: B is not statistically discernible from 0 at the given level of
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And, again, in the case of B 4 =P 5= B 6= B 7= B s = P 9= 0 translog production function

would end up being formulated as corresponding Cobb-Douglas production function:
log Y =P o+ P +log Kict + B 2+ Knontcr + B 3+ log L+ e

Consequently, if the interaction term between investments in ICT and non-ICT is
significant (i.e., we reject the null hypothesis of B 7= 0), then we have a reason to assume

that such investments are complementary.



CHAPTER 3 Formal Definition of the Research Problem

At this point, we formulate the following two broad research questions that we are
addressing in this study:
The first objective of this research is to establish the presence of the relationship between
investments in ICT (I;cr) and Total Factor Productivity within the context of Transitional
Economies (TE).

Let us constder the production function used in this study:

Y =f(A, Kict, Knon-ict, L)

where

Y = output (GDP),

A = Total Factor Productivity(the level of technology),

K,cr = investments in Information and Communication Technology

K non-ict = Investments in non-Information and Communication Technology

L = quantity of labor, or size of labor force.

Keeping in mind that the Cobb-Douglas function is nested in translog and equal to

translog function under the condition of

Bs=Ps=Bes=PBr=Ps=0,

28
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translog function yields following formulation:

log Y =B o+ B i+log Kict + B 2x K ponicr + P 3« log L+
+ B 4= log Kicr >+ P s+1og K nonict”+ P s+ log L> +
+ B ¢+ log Kicr * 10g K non-ict + P 7+ log Kicr » log L + B g+ log K pon-ict * log L + €
Thus, the null hypothesis corresponding to the first research question can be stated as
follows:
Hly: For a given sample of TEs, there exists no statistically discernible

relationship between the capital investments in ICT (Ijcr) and Total Factor

Productivity.

It is tempting to propose that in the case of the correlation we are going to test the
following hypothesis:
HI1.1y: correlation between the investments in ICT (Kjcr ) and the Total Factor

Productivity (A) is not statistically significant

Which in the case of translog function amounts to testing whether or not error term

e and K cr are correlated to a statistically discernible degree.

While in the case of the testing for the presence of the causal relationship we would test

the relationship directly, as shown below.
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A :F(KICT) )

Which, in the case of using linear regression, takes the form of

A=vo+y:1*Kicrtu,

and involves testing whether ornot y,;=0.

However, there are two reasons why such approach of using direct correlation of
regression cannot be used. First, from the perspective of economics, TFP is exogenous to
Solow’s production function, and, as such, it cannot be explained by the variables
endogenous to the function such as labor or capital. Second, from the perspective of
statistics, one of the fundamental assumptions of regression analysis is that an error term
of the regression is not correlated with the independent variables. If we attempt to regress
an independent variable against the error term, then we do so in violation of the

fundamental assumption that deems our results pretty much useless.

Thus, we have chosen a different approach. We hypothesizq that the relationship
between the investments in ICT and TFP is indirect, mediated by some latent variables,
let us call them ICT Capitalization and TFP. Then the relationship between the
investments in [CT and TFP, mediated by ICT Capitalization can be depicted as shown in

Figure 3 below.

According to the proposed model, investments in ICT and TFP serve as the
indicators reflecting the latent constructs /CT Capitalization and TFP, respectively. We

propose that there exists the actual direct relationship between ICT Capitalization and
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TFP, which, in the case if the indicators indeed accurately represent the latent variables,

implies indirect relationship between the indicators. In order to validate the proposed

model, we would use structural equation model to test the hypothesized relationship.

ICT
Investments Capitaliza Indicator of
in ICT ol TFP
Latent Latent
Indicator Variable Variable Indicator

Figcure 3 Mediated relationshin between the investments in ICT and TFP

Based on the propose model, the hypothesis
H1.2y: there is no statistically discernible relationship between the investments in
ICT (expressed as Kjcr in Cobb-Douglas production function) and the Total Factor

Productivity (expressed as A in Cobb-Douglas)

could be tested based on the results of the measurement and structural models of SEM.
The second objective of this research is to establivsh whether or not there exists a

non-empty subset CCI of the set of total capital investments TCI, the presence of which

affect the relationship between investments in ICT and Total Factor Productivity.

We denote a hypothetical set of complimentary to ICT capital investments as Komp.

Thus, the null hypothesis corresponding to the second research question can be stated as

follows:
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H2y: For a given sample of TEs, there exists no subset of complimentary
investments K.omp presence of which produces a statistically discernible change in

relationship between investments in ICT (I;c1) and Total Factor Productivity

Following is the formulation of the Translog production function:

Y =f (A, Kicr, K other, L),
Where
Y= output (GDP),
A= the level of technology/ Total Factor Productivity,
Kjcr = investments in Information and Communication Technology
K other = Investments in other areas then Information and Communication Technology
L= quantity of labor/size of labor force.
Then we can test for the presence of the statistically discernible interaction between the

two types of the investments (ICT and non-ICT) using translog function as follows

(again, keeping in mind that A is a residual expressed as the error term “e”):

logY = Bo+ Bixlog Kicr + Pax K otmer + P3+ log L + Py log Kicr > + Pselog K opner - + Bs+
log L? + Ber log Kicr * 10g K omer + B¢ log Kicr » log L + Pgx log K oper » log L+ €.

Then the test for the presence of the interaction would involve testing of the following
hypothesis:

H2.1y: Bs is not statistically discernible from 0 at the given level of a
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If the interaction term turns out to be statistically significant, allowing us to reject

H2.1y, we are able to state that we can establish the presence of complementary

investments.

The purpose of the next part of the paper is to provide a review of the relevant research

literature.



CHAPTER 4 Review of the Literature

The body of the research concerning the topic of economic impact of the
investments in ICT could be presented as coming in two waves. The first wave of the
studies, conducted in the period from mid 1980s to early 1990s, brought about very little
empirical evidence of contribution of the investments in ICT to economic outcomes
(Roach 1987, 1989, 1991; Strassman 1990; Yosri 1992; Loveman 1994; Oliner and
Sichel 1994; Jorgenson and Stiroh, 1995; Hitt and Brynjolfsson 1996; Rai, Patnayakuni
R. and Patnayakuni N. 1996, 1997; Strassman 1997). Despite the contradicting the
theoretical arguments empirical results, the issue was not closed. Brynjolfsson (1993)
warned that researchers “must be careful not to overinterpret these findings; a shortfall of

evidence is not necessarily evidence of a shortfall” (p.67).

The desired evidence, in the form of empirical findings of positive and
statistically significant relationship between investments in ICT and economic growth,
has been provided by the second wave of the studies in this area, spanning the period
from mid 1990s on (Lichtenberg 1995; Brynjolfsson and Hitt 1996; Gurbaxani , Melville
and Kraemer 1998; Lehr and Lichtenberg 1999; Gilchrist, Gurbaxani and Towne 2001;
Devaraj and Kohli 2003). The disparity between the results of the earlier and later studies

has been attributed to various factors (Brynjolfsson 1993).

34
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It would appear, according to common consensus, that there exist two factors that
affect the relationship between investments in ICT and economic outcomes (Dewan and
Kraemer 1998, 2000). The first factor is the size of the ICT investment and overall
accumulated ICT capital, which should be above a certain threshold to manifest itself at
the detectable level (Oliner and Sichel 2000; Jorgenson 2001; Jorgenson and Stiroh 2000;
Council of Economic Advisors 2001). The second factor is the presence of the
complimentary to ICT investments that are able to significantly increase the benefits
provided ’by ICT (Black and Lynch 1997; Francalanci and Galal 1998; Tallon, Kraemer
and Gurbaxani 2000; Devaraj and Kohli 2000; Brynjolfsson and Hitt 2000; Brynjolfsson,

Hitt and Yang 2000; Ramirez 2003; Arvanitis 2003; OECD 2003).

Overall, research concemihg the questions of the economic impact of the
investments in ICT could be undertaken at different levels of analysis, such as firm,
industry, sector, or country level. Because the unit of analysis in this study is country, we
offer a review of only that subset of the ‘second wave’ of the available literature, which
6ffers a country-level analysis of the impact of the investments in ICT on economic

growth.

Kraemer and Dedrick (1994) examined the data from 11 Asia-Pacific countries
over the period 1983-1990 and found a positive correlation between ICT investments and
economic growth; the authors concluded that the results of the study could be interpreted

as an evidence of ICT-driven growth.

Brynjolfsson and Yang (1996) conducted a literature review of more than 150

articles, published over the period from 1980s to 1995, which inquired into the
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relationship between information technology and productivity. The authors conclude, that
the weight of evidence suggests that information technology capital generates its
contribution for the US economy in terms of output growth and that without IT the

economy would probably be in a worse situation (Brynjolfsson and Yang 1996).

Roller and Waverman (1996) have found statistically significant positive cause-
and-effect type relationship between telecommunications infrastructure and economic
growth for the sample of 21 developed and 35 developing countries over the period 1970-

1990.

Murakami (1997) looked at the relationship between ICT and macroeconomic
growth (among other things) in Japan and suggested ,based on the results of the analysis,
that demand for ICT services, especially new services, may have a strong positive effect

on the growth of the economy.

Motohashi (1997), on the other hand, found that the correlation between
productivity and the IT intensity of the capital stock is weak in the context of five

developed countries.

Study by Wong (1998) estimated the impact of ICT investments on the overall
productivity of the Singapore economy for the period 1977 to 1997; results of the study
indicated favorable productivity payoff from ICT investments, for the rate of generated

return exceeded significantly the return to non-ICT capital.
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Study by Canning and Pedroni (1999) found positive relationship between growth
in telephones and paved roads per worker and economic growth; study used data over the

period 1950-1992 and the sample of 150 countries.

Dewan and Kraemer (2000) used data pooled from 22 developed and 16
developing countries, over the period 1985-1993. The results of the analysis revealed that
for developed countries returns from IT capital investments are positive and statistically
significant. As for the developing countries of the sample, non-IT capital investments
have shown also to be quite productive, while the evidence on IT investments was

inconclusive.

Results of the study by Pohjola (2000), which analyzed the data from 39
developed and developing countries over the period 1980-1995, confirmed the conclusion
of Dewan and Kraemer’s (2000) that while ICT plays a significant role in
macroeconomic growth of developed countries, similar contribution of ICT in the context
of developing countries is yet to be made. The author suggests that it might simply reflect
the fact that the developed countries lack IT-enhancing complimentary factors that

enhance and amplify the effects of the ICT investments (Pohjola 2000).

Cette, Mairesse and Kocoglu (2001) attempted to quantify the contribution of the
ICT to the economic growth in France. According to the authors’ estimates total
contribution of ICT to GDP growth amounted to approximately 0.2% per year over the
period 1969-1999. Moreover, Cette, Mairesse and Kocoglu (2001) concluded that over
the last years (1995-1999) the contribution of ICT to economic growth has gradually

increased, reaching approximately 0.3% per year.
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Research by Lee and Khatri (2001), among the only few studies that inquire into
the impact of ICT on developing economies, reports the evidence of positive contribution
of ICT to economic growth of the countries of South-East Asia. Similar results for
Malaysia, Philippines, Thailand, South Korea, and Taiwan are reported by a study by the

International Monetary Fund (IMF 2001).

Niininen (2001), in the macroeconomic study of Finland, first in this area of
research, demonstrated that in Finland, ICT contributed to the growth in GDP at the

average annual rate of 2.4 % in the period from 1983 to 1996.

Somewhat unexpectedly, the study of Pohjola (2002) does not find any significant
correlation between ICT investment and economic growth in the period 1985 to 1999 for
a sample of 42 countries; moreover, in contrast with some previous studies, the
relationship is not statistically significant for the sub samples of industrial or high-income
countries either. The author suggests three possible explanations, first, low level of
investment in ICT, second, lack of complimentary infrastructure and, third, inability of

neoclassical method to assess the benefits provided by investments in ICT.

Daveri (2002) inquired into the impact of ICT investments on economic growth of
the countries of the EU, over the period 1992 to 2001. According to the results of the
study growth contributions from ICT capital rose in six EU countries (UK, Denmark,
Finland, Sweden, Ireland and Greece) over the period from 1996 to 2001. However,
unlike in the United States, in the countries of the EU (exceptions being Ireland and
Greece) this growth has not been associated with growth in the total factor productivity

rates (Daveri 2002).
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Kegels, van Overbeke and Van Zandweghe (2002) inquired into the contribution
of the investments in ICT to macroeconomic growth in Belgium over the period from
1995 to 2000. Based on the results of the analysis of the preliminary data the authors
conclude that while Belgium does not present the profile of the advanced new ICT-driven
economy in Europe, the growth contribution of ICT capital accelerated in the late 1990s,

thus putting Belgium slightly above the EU average (Kegels et al. 2002).

The paper by Baliamoune (2002) described a study examining the relationship
between ICT diffusion and a set of macroeconomic policy variables for a sample of 47
developing countries. According to the results of the study, there is evidence that ICT
enhances income and can provide an additional source of economic growth (Baliamoune

2002).

Colecchia and Schreyer (2002) have examined the contribution of ICT capital to
economic growth in nine developed (members of OECD) countries, concluding that the
US, while having benefited the most, has not been alone in taking advantage from ICT-
driven economic growth. This study (Colecchia and Schreyer 2002) updates and extends
the previous work by Colecchia (2001) and Schreyer (2000) on the contribution to ICT to

output growth in G7 countries.

Van Ark et al. (2002), inquiring into the relationship between ICT investments
and economic growth of the countries of the European Union over the period 1980-2000,
found evidence of the contribution of the investments in ICT to economic growth and

arrived to a similar conclusions as Colecchia and Schreyer (2002).
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A study by Jalava and Pohjola (2002), which aimed to update and extend findings
of Niininen (2001), confirmed that ICT has been the factor behind the improved
economic performance of the US in the 1990s and estimated that in Finland the
contribution of ICT to economic output has more than doubled over the period form early
to late 1990s. The results of the research are in line with earlier similar findings reported
by Oliner and Sichel (2000) and Jorgenson (2001), who have presented evidence of

doubling of the ICT contribution to the economic growth of the US.

Research by Vijselaar and Albers (2002) inquired into the importance of ICT for
the growth in productivity in the euro area ( such as France, Germany, Italy, Netherlands,
among others) over the period from the mid-1990s to 2000. Based on the available data
the authors concluded that while there is evidence of an increased contribution of ICT to
economic growth both in terms of production and in terms of investment, there is little
evidence of significant positive spillover effects from the use of ICT to overall

productivity growth (Vijselaar and Albers 2002).

A comprehensive analysis of ICT impact on productivity was performed by
OECD (2003). According to the results of the study, which focused on developed
countries, the strong evidence is present allowing identifying ICT as one of the key
drivers of economic growth that took place in 1995-1999 in the USA, Canada, Finland,
Netherlands, and other countries. The study identified the USA and Finland as the two

countries that benefited the most from the ICT-driven growth.

Melka, Nayman, Zignago, and Mulder (2003) assessed the contribution of ICT to

the macro economic growth in France over the period 1982-2000. The authors concluded



41

that the contribution of ICT to the French growth is comparable to the contribution of
ICT to British growth, but it is far behind that of the United States. Melka et al. (2003)
suggest that one of the reasons why France lags behind the U.S. in terms of ICT
contribution to growth is that the proportion of US ICT investment in total investments is

more than twice as high as the French share.

Baliamoune-Lutz (2003) examined the relationships between ICT diffusion and a
set of macroeconomic and policy variables in the context of 47 developing countries,
using data over the period from 1998 to 2000; the author reports that the results of the

study indicate that ICT dissemination fosters economic development.

Piatkowski (2003a) inquired into the contribution of investments in ICT to output
growth and productivity in Poland (country of transition economy). According to the
results of the study, contribution of ICT to economic growth in Poland is comparable to

the countries of European Union and the US.

In the follow-up, Piatkowski (2003b) extended his study of Poland (Piatkowski
2003a) to eight transition economies of Europe (Bulgaria, Czech Republic, Hungary,
Poland, Russia, Slovakia, and Slovenia). According to the results of the study, the
contribution of investments in ICT between 1995 and 2000 in most of the featured in the
study countries was “much higher than what might be expected on the basis of the level

of their GDP per capita” (Piatkowski 2003b).

Dedrick, Gurbaxani and Kraemer (2003) critically reviewed more than 50 articles

on computers and productivity that have appeared between 1985 and 2002. The
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conclusion of the review was that greater investment in IT is associated with greater
productivity growth, for “recent studies have found that IT investments have had a major

impact on labor productivity and economic growth at the country level.”

Van Ark and Piatkowski (2004) investigated and compared the productivity
performance of the 10 countries of Central and Eastern Europe (CEE-10) with the 15
countries of European Union (EU-15) during the 1990s. According to the results of the
study, ICT capital was an important source of growth during the 1990s, and in the context

of the CEE-10, it has contributed as much to labor productivity growth as for the EU-15.

In the conclusion of our review of the literature on the subject, we would like to
offer a brief summary. It would appear that, indeed, the majority of the research power
has been concentrated on studying the relationship between ICT and macroeconomic
growth only in the context of the developed countries of the world. According to the
results, there exists a relatively small group of developed countries (US, Finland, UK,
and others) in which investments in ICTs have clearly paid off in terms of the economic
growth due to improvements in TFP. The second, much larger group of the developed
countries, while not achieving the same level of success, still did get the positive results
reflected in small increase in TFP. Finally, the third group of the developed countries,
representing the rest of the developed world, appears to be unable to show any ICT-

related improvements in TFP.

The body of the research dedicated to the same topic, but in the context of
developing countries and transition economies is much smaller. According to the scarce

results, there 1s a relatively much smaller group of developing economies and economies
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in transition that demonstrated significant positive relationship between ICT investment
and the growth in TFP, while the rest, literally, ‘have nothing to show’. At this point in
time, however, the overall empirical evidence is inconclusive for making any decisions
regarding the impact of the investments in ICT. Thus, further research is required in order
strengthen the foundation based on which impact of the investments in ICT on
macroeconomic growth could be evaluated. And it is to this area that our research aims to

contribute.
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CHAPTER 5 Description of the Data

The data for this study were obtained from two sources. The first source was
represented by the database of World Development Indicators, which is the World
Bank’s comprehensive database on development data. The second source of the data was
represented by the Yearbook of Statistics, which is published yearly by International
Telecommunication Union (ITU). In our choice of variables, we were greatly restricted
by the availability of the data. For example, while the development data of the World
Bank’s database covers more than 600 indicators for 208 economies, data on many of the
indicators relevant to our research were not available, or were available only for a few
countries, or contained too few data points to be useful in statistical analysis. In terms of
the length of the time series, we were restricted to the period from 1992 to 2002, data for
which were provided by Yearbook of Statistics of ITU. After close examination of the
available data, we have decided to construct two data sets, one covering the period from

1998 to 2002, and another one covering the period from 1993 to 2002.

There are several reasons why we have chosen such an approach. First, we
decided to begin our analysis from year 1993 because it provided, in our opinion, a
common starting point for the transitional economies. Our reasoning is that it took a year
from the fall of the Berlin® Wall in 1991 for the process of transition to start, and year

1992 as a starting point could have favored “early starters.” Second, we discovered that
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the 5-year period from 1998 to 2002 was reflected in both of our sources by richer data
sets than any other period between 1993 and 2002. As a result, we ended up with a “lean”
data set covering the years from 1993 to 2002, and a “rich” data set covering the years
from 1998 to 2002. Finally, over the ten years of transition, the nature of the relationship
between variables might change, and such changé could be assessed by comparing
whether the relationships of the late stage of the transition (1998-2002) hold for the

whole period (1993-2002).

The following transitional economies have been selected for this study: Albania,
Armenia, Azerbaijan, Belarus, Bulgaria, Czech Republic, Estonia, Hungary, Kazakhstan,
Kyrgyz Republic, Latvia, Lithuania, Moldova, Poland, Romania, Slovak Republic,
Slovenia, Ukraine, and Russian Federation. The data offered for Tajikistan,
Turkmenistan, UzBekistan, Georgia, Macedonia, and Croatia was insufficient to warrant

the inclusion of these economies in this study.

The data from the two sources could not be merged by simply placing the data
values in the same table; for the Yearbook of Statistics contains revenues and spending
data expressed in local currency of each TE, while WDI data was expressed in US
dollars. However, the “Average annual exchange rate per US$” was also provided by the
Yearbook, thus, after the application of the exchange rate to each appropriate data point
we could obtain the values expressed in current US dollars. The data values expressed in
similar units, “Current US $,” could also be found in the WDI data set, thus, after the
application of the exchange rate to the local currency values in the Yearbook of Statistics ,

merging of the two data sets became relatively straightforward
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Next, we describe the variables that were obtained from the two sources that were

available to us.

5.1 WDI database of the World Bank

The names of all variables, as well as the descriptions of all variables, are reproduced

here exactly, word for word, as they appear in the source.

Computer, communications and other services (% of commercial service exports)-

Computer, communications and other services (% of commercial service exports)
include such ‘activities as international telecommunications, and postal and courier
services; computer data; news-related service transactions between residents and
nonresidents; construction services; royalties and license fees; miscellaneous business,
professional, and technical services; and personal, cultural, and recreational services.
High-technology expofts (% of manufactured exports)-

Computer, communications and other services (% of commercial service imports)
include such activities as international telecommunications, and postal and courier
services, computer data; news-related service transactions between residents and
nonresidents; construction services; royalties and license fees; miscellaneous business,
professional, and technical services; and personal, cultural, and recreational services.
High-technology exports (current US$)-

High-technology exports are products with high R&D intensity, such as in
aerospace, computers, pharmaceuticals, scientific instruments, and electrical machinery.

Data are in current U.S. dollars.
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Computer, communications and other services (% of commercial service imports)-

Computer, communications and other services (% of commercial service imports)
include such activities as international telecommunications, and postal and courier
services; computer data; news-related service transactions between residents and
nonresidents; construction services; royalties and license fees; miscellaneous business,
professional, and technical services; and personal, cultural, and recreational services.
Military expenditure (% of GDP)-

Military expenditures are based on the NATO definition, which includes all
current and capital expenditures on the armed forces, including peacekeeping forces;
defense ministries and other government agencies engaged in defense projects;
paramilitary forces, if these are judged to be trained and equipped for military operations;
and military space activities. Such expenditures include military and civil personnel,
including retirement pensions of military personnel and social services for personnel;
operation and maintenance; procurement; military research and development; and
military aid (in the military expenditures of the donor country). Excluded are civil
defense and current expenditures for previous military activities, such as for veterans’
benefits, demobilization, conversion, and destruction of weapons. This definition cannot
be applied for all countries, however, since that would require much more detailed
information than is available aboﬁt what is included in military budgets and off-budget

military expenditure items. (For example, military budgets might or might not cover civil
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defense, reserves and auxiliary forces, police and paramilitary forces, dual-purpose forces
such as military and civilian police, military grants in kind, pensions for military
personnel, and social security contributions paid by one part of government to another.)
Military personnel (% of total labor force)-

Armed forces personnel refer to active -duty military personnel, including
paramilitary forces if those forces resemble regular units in their organization, equipment,
training, or mission. Labor force comprises all people who meet the International Labor
Organization’s definition of the economically active population.

Fixed line and mobile phone-

Fixed lines are telephone mainlines connecting a customer’s equipment to the
public switched telephone network. Mobile phone subscribers refer to users of portable
telephones subscribing to an automatic public mobile telephone service using cellular
technology that provides access to the public switched telephone network.

International telecom, outgoing traffic (minutes per subscriber)-

International telecommunications outgoing traffic refers to the telephone traffic,
measured in minutes per subscriber, that originated in the country with a destination
outside the country.

Internet users (per 1,000 people)-
Internet users are people with access to the worldwide network.

Mobile phones (per 1,000 people)-
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Mobile phones refer to users of portable telephones subscribing to an automatic
public mobile telephone service using cellular technology that provides access to the
public switched telephone network, per 1,000 people.

Telephone mainlines (per 1,000 people)-

Telephone mainlines are telephone lines connecting a customer’s equipment to
the public switched telephone network. Data are presented per 1,000 people for the entire
country.

Telephone mainlines per employee-

Telephone mainlines per employee are calculated by dividing the number of
mainlines by the number of telecommunications staff (with part-time staff converted to
full-time equivalents) employed by telecommunications enterprises providing public
telecommunications services.

International tourism, expenditures (current USS$)-

International tourism expenditures are expenditures of international outbound
visitors in other countries, including payments to foreign carriers for international
transport. These may include expenditures by residents traveling abroad as same-day
visitors, except in cases where these are so important as to justify a separate
classification. Data are in current U.S. dollars.

Physicians (per 1,000 people)-
Physicians are defined as graduates of any facility or school of medicine who are

working in the country in any medical field (practice, teaching, research).
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Health expenditure per capita (current USS$)-

Total health expenditure is the sum of public and private health expenditures as a
ratio of total population. It covers the provision of health services (preventive and
curative), family planning activities, nutrition activities, and emergency aid designated
for health but does not include provision of water and sanitation. Data are in current U.S.
dollars.

Health expenditure, private (% of GDP)-

Private health expenditure includes direct household (out-of-pocket) spending,
private insurance, charitable donations, and direct service payments by private
corporations.

Health expenditure, public (% of GDP)-

Public health expenditure consists of recurrent and capital spending from
government (central and local) budgets, external borrowings and grants (including
donations from international agencies and nongovernmental organizations), and social (or
compulsory) health insurance funds.

Health expenditure, total (% of GDP)-

Total health expenditure is the sum of public and private health expenditure. It
covers the provision of health services (preventive and curative), family planning
activities, nutrition activities, and emergency aid designated for health but does not

include provision of water and sanitation.
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Pupil-teacher ratio, primary-

Primary school pupil-teacher ratio is the number of pupils enrolled in primary
school divided by the number of primary school teachers (regardless of their teaching
assignment).

School enrollment, secondary (% gross)-

Gross enrollment ratio is the ratio of total enrollment, regardless of age, to the
population of the age group that officially corresponds to the level of education shown.
Secondary education completes the provision of basic education that began at the primary
level, and aims at laying the foundations for lifelong learning and human development,
by offering more subject- or skill-oriented instruction using more specialized teachers.
School enrollment, tertiary (% gross)-

Gross enrollment ratio is the ratio of total enrollment, regardless of age, to the
population of the age group that officially corresponds to the level of education shown.
Tertiary education, whether or not to an advanced research qualification, normally
requires, as a minimum condition of admission, the successful completion of education at
the secondary level.

Research and development expenditure (% of GDP)-

Expenditures for research and development are current and capital expenditures
(both public and private) on creative, systematic activity that increases the stock of
knowledge. Included are fundamental and applied research and experimental

development work leading to new devices, products, or processes.
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Researchers in R&D (per million people)-

Researchers in R&D are people trained to work in any field of science who are
engaged in professional R&D activity. Most such jobs require completion of tertiary
education
Technicians in R&D (per million people)-

Technicians in R&D are people engaged in professional R&D activity who have
received vocational or technical training in any b‘ranch of knowledge or technology. Most
such jobs require three years beyond the first stage of secondary education.

Scientific and technical journal articles-

Scientific and technical journal articles refer to the number of scientific and
engineering articles ﬁublished in the following fields: physics, biology, chemistry,
mathematics, clinical medicine, biomedical research, engineering and technology, and
earth and space sciences.

Labor force, total-

Total labor force comprises people who meet the International Labour
Organization definition of the economically active population: all people who supply
labor for the production of goods and services during a specified period. It includes both
the employed and the unemployed. While national practices vary in the treatment of such
groups as the armed forces and seasonal or part-time workers, in general the labor force
includes the armed forces, the unemployed, and first-time job-seekers, but excludes

homemakers and other unpaid caregivers and workers in the informal sector.
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Unemployment, female (% of female labor force)-

Unemployment refgrs to the share of the labor force that is without work but
available for and seeking employment. Definitions of labor force and unemployment
differ by country.

Unemployment, male (% of male labor force)-

Unemployment refers to the share of the labor force that is without work but
available for and seeking employment. Definitions of labor force and unemployment
differ by country.

Unemployment, total (% of total labor force)-

Unemployment refers to the share of the labor force that is without work but
available for-and seeking employment. Definitions of labor force and unemployment
differ by country.

Roads, paved (% of total roads)-

Paved roads are those surfaced with crushed stone (macadam) and hydrocarbon
binder or bituminized agents, with concrete, or with cobblestones, as a percentage of all
the country’s roads, measured in length.

Roads, total network (km)-
Total road network includes motorways, highways, and main or national roads,

secondary or regional roads, and all other roads in a country
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Vehicles (per 1,000 people)-

Motor vehicles include cars, buses, and freight vehicles but do not include two-
wheelers. Population refers to midyear population in the year for which data are
available.

Passenger cars (per 1,000 people)-

Passenger cars refer to road motor vehicles, other than two-wheelers, intended for
the carriage of passengers and designed to seat no more than nine people (including the
driver).

Foreign direct investment, net inflows (% of GDP)-

Foreign direct investment is net inflows of investment to acquire a lasting
management interest (10 percent or more of voting stock) in an enterprise operating in an
economy other than that Qf the investor. It is the sum of equity capital, reinvestment of
earnings, other long-term capital, and short-term capital as shown in the balance of
payments. This series shows net inflows in the reporting economy.

GDP (current USS$)-

GDP at purchaser’s prices is the sum of gross value added by all resident
producers in the economy plus any product taxes and minus any subsidies not included in
the value of the products. It is calculated without making deductions for depreciation of
tabricated assets or for depletion and degradation of natural resources. Data are in current
U.S. dollars. Dollar figures for GDP are converted from domestic currencies using single

year official exchange rates. For a few countries where the official exchange rate does not
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reflect the rate effectively applied to actual foreign exchange transactions, an alternative
conversion factor is used.
Population, total-

Total population is based on the de facto definition of population, which counts
all residents regardless of legal status or citizenship—except for refugees not
permanently settled in the country of asylum, who are generally considered part of the
population of their country of origin.

Private investment in telecoms (current US$)-

Private investment in telecoms covers infrastructure projects in
telecommunications that have reached financial closure and directly or indirectly serve
the public. Movable assets are excluded. The types of projects included are operations
and management contracts, operations and management contracts with major capital
expenditure, greenfield projects (in which a private entity or a public-private joint venture
builds and operates a new facility), and divestiture. Data are in current U.S. dollars.
Public spending on education, total (% of GDP)-

Public expenditure on education consists of public spending on public education
plus subsidies to private education at the primary, secondary, and tertiary levels.

Exports of goods and services (% of GDP)-

Exports of goods and services represent the value of all goods and other market
services provided to the rest of the world. They include the value of merchandise, freight,
insurance, transport, travel, royalties, license fees, and other services, such as

communication, construction, financial, information, business, personal, and government
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services. They exclude labor and property income (formerly called factor services) as
well as transfer payments.
Trade (% of GDP)-

Trade is the sum of exports and imports of goods and services measured as a

share of gross domestic product.

5.2 Yearbook of Statistics of International Telecommunication Union

The names of all variables, as well as the descriptions of all variables, are reproduced

here exactly, word for word, as they appear in the source.

Average annual exchange rate per US$-

Refers to the yearly average of the number of national currency units per one
United States dollar. Yearly averages are generally calculated as arithmetic averages
of monthly rates. Note that there can be differences between official, market and
unofficial rates. In some countries for which average rates cannot be obtained, an end
of period rate is used.

Telecom equipment exports-

Telecommunication equipment exports and imports are shown in national

currency. The data come from national sources.
Telecom equipment imports-
Telecommunication equipment exports and imports are shown in national

currency. The data come from national sources.
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Main telephone lines in operation-

The number of telephone lines connecting the subscriber’s terminal equipment to
the public switched network and which have a dedicated port in the telephone
exchange equipment. This term is synonymous with the term main station or Direct
Exchange Line (DEL) which are commonly used in telecommunication documents. It
may not be the same as an access line or a subscriber. The definition of access line
used by some countries varies. In some cases, it refers to the total installed capacity
(rather than lines in service). In other cases it refers to all network access points
including mobile cellular subscribers. Telephone subscribers would not generally
include public telephones which are included in main lines.

Main telephone lines per 100 inhabitants-

Calculated by dividing the number of main lines by the population and
multiplying by 100.

Public payphones-

The total number of all types of public telephones, including coin and card
operated and public telephones in call offices. Public phones installed in private
places should also be included as should mobile public telephones. All public
telephones regardless of capability (e.g., local calls or national only) should be
counted
Cellular mobile telephone subscribers-

Refers to users of portable telephones subscribing to an automatic public mobile

telephone service which provides access to the Public Switched Telephone Network
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(PSTN) using cellular technology. This can include analogue and digital cellular
systems (including Microcellular systems such as DCS-1800, Personal Handyphone
System (PHS) and others) but should not include non-cellular systems. Subscribers
to fixed wireless (e.g., Wireless Local Loop (WLL)), public mobile data services, or
radio paging services are not included.

Line capacity of local public switching exchanges-

The total capacity of public switching exchanges corresponds to the maximum
number of main lines that can be connected. This number includes, therefore, main
lines already connected and main lines available for future connection, including
those used for the technical operation of the exchange (test numbers).

Cellular subscribers per 100 inhabitants-

Calculated by dividing the number of cellular mobile subscribers by the
population and multiplying by 100.

Residential telephone connection charge-

The one time charge involved in applying for residential telephone service. Where
there are different charges for different exchange areas, the charge is generally for the
largest urban unless otherwise noted. Also, when the business and residential fixed
telephone tariffs are the same, then business tariff has been omitted in some cases.
Business telephone connection charge-

Same as above but applied to business users.
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Residential telephone monthly subscription-

Refers to the recurring fixed charge for a residential subscriber to the PSTN. The
charge covers the rental of the line but not the reﬁtal of the terminal (e.g., telephone
set). In some cases, the rental charge includes an allowance for free or reduced rate
call units. If there are different charges for different exchange areas, the largest urban
area is used. Also, when the business and residential fixed telephone tariffs are the
same, then busineés tariff has been omitted in some cases.

Business telephone monthly subscription-

Same as above but applied to business subscribers.
Cost of a 3-minute local call (peak rate)-

Local call refers to the cost of a peak rate 3-minute call within the same exchange
area using the subscriber’s own terminal (i.e., not from a public telephone).
Cost of a 3-minute local call (off-peak rate)-

Local call refers to the cost of an off-peak rate 3-minute call within the same
exchange area using the subscriber’s own terminal (i.e., not from a public telephone).
Total telecommunication services revenue-

Refers to earnings from the direct provision of facilities for providing
telecommunication services to the public (i.e., not including revenues of resellers).
This includes revenue from fixed telephone, mobile communications, text (telex,
telegraph and facsimile), leased circuits and data communications services. Some

countries include telecommunication-related revenue such as directory advertising
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and equipment rental or sales. Others include value-added telecommunication
services such as the provision of electronic mail or on-line services.
Annual telecommunication investment-

Refers to expenditure associated with aéquiring the ownership of
telecommunication equipment infrastructure (including supporting land and buildings
and intellectual and non-tangible property such as computer software). These include
expenditure on initial installations and on additions to existing installations.

Personal computers-

The number of personal computers (i.e., designed to be operated by a single user
at a time) in use in the country. Primarily ITU estimates based on a number of
national and international sources.

Estimated Internet users-

The number of Internet users.
Internet users per 100 inhabitants-

Calculated by dividing the number of Internet users by the population and
multiplying by 100.

International outgoing telephone traffic (minutes)-

This covers the effective (completed) traffic originating in a given country to
destinations outside that country. Many countries have now shifted to reporting
international traffic volumes based on point of billing. This means that the data refers

to traffic billed in the country.
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International incoming telephone traffic (minutes)-
Effective (completed) traffic originating outside the country with a destination

inside the country.

5.3 Data Issues

While compiling our data sets we had to primarily deal with two issues. The first
issue was how to find a scale that minimizes the bias arising from comparing and
contrasting the countries that are different in size, population and level of wealth. The
second issue was how to deal with the missing data.

In dealing with the issue of bias minimization, we decided to use, where it was
possible, percentages rather than actual number values. Thus, for example, while the
variable “full-time telecommunication staff” was represented in the Yearbook of Statistics
as a number value, we have transformed it into the percentage of the variable labor force,

total provided by WDI data set by using following formula:

Full-time telecommunication staff, % of total labor force =

= (Full-time telecommunication staff | Labor force, total) * 100%

In similar fashion, we have transformed numerical dollar-figures of revenues and
investments into the percentages of GDP by using the same approach. For example, to
transform the variable Annual telecom investment into the percentage of GDP we used

following formula:
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Annual telecom investment, % of GDP =

= (Annual telecom investment (in current US 8) / GDP( in current US $)) * 100%

The reasoning behind this approach was that the percentages would maximize the
objectivity of representing a specific structure of the economy and the labor force, while
minimizing the subjectivity associated with the size and level of economic development
of a given transitional economy.

In dealing with the issue of missing data, we have adopted two approaches,
interpolation and extrapolation. As an example of the first approach, in some cases we
have substituted the missing value by the value of the previous or the next year. For
example, in the case of Ukraine the variable Physicians, per 1000 people is missing
values for the years 2002 and 2003. However, the values for the 2001 and 2004 are
present and are both equal to “2.97387.” In this situation, we have assumed that the
missing value for this variable for 2002 is highly likely not going to be very different
from the years for which the data were present and, therefore, interpolated the missing

value with the value of “2.97387.”

In other cases, however, a different approach was taken, for a simple substitution
of the missing value by the value for the previous year, or year after, was judged to be
inadequate. For example, in the case of Kyrgyz Republic variable Full-time
telecommunication staff has a missing value for the year 2002. Upon a close examination
of the data, we have noticed that the values for this variable were changing significantly
over the years leaving us no reason to believe that the value for the year 2002 would

replicate the value for the year 2001. Moreover, it was noticed that the value of the
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variable Annual telecom investment, which potentially could influence the value of the
variable Full-time telecommunication staff, has increased significantly for the year 2002
as compared to the year 2001. In order to impute the missing value in this case, as well as
in all similar cases, we have chosen to plot the data and add a trend line to the resulting
graph. In the imputation of the substitute variable we decided to choose a value that
would minimize the existing trend, for we rather érr on the side of the underestimation

than obtain inflated by our own device results.

Figure 4, provided below, demonstrates the original data set, with a missing value
for the year 2002, and a data set with the extrapolated value for 2002. The data point
representing the extrapolated value of the variable Full-time telecommunication staff is
shown as a black oval on the bottom diagram, with the trend lines added to demonstrate

the effect of the substitution.
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Fulltime Telecommunication staff, Kyrgyz Republic
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CHAPTER 6 Overview of the research methodology

6.1 Introduction

The data analysis methods and statistical tools could be generally separated into
two categories, the ones that allow us to generalize and could be used to build and test a
theory, and the other ones that are usually used to inquire into the narrower realm of the
data at hand. In this research, we are going to employ both types of tools, with the intent
of building a theory based on the uncovered felationship within the data at hand.
Clustering, Data Envelopment Analysis (DEA), and Classification (Decision) Trees are
the methods that are commonly used to inquire into and analyze the existing data set at
hand, without making any generalizations or assumptions about the rest. We use these
tools in this research to gain some insights into the nature of the relationships between the
variables that comprise our real-life data set. Then, upon gaining the “localized”
knowledge, we employ translog production function and structural equation modeling to
generalize the discovered relationships and construct the possible theoretical
explanations. Let us see how we could place our methodology within the framework of
one of the better tools that the positivist science could offer, namely, the hypothetico-
deductive logic. The common structure is depicted in the Figure 5 below. According to

the proposed methodology, we begin at the very bottom, by attempting to find the link
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between the investments in [CT and TFP. This corresponds to “Conclusion” part of the
hierarchy below. Once the connection is established, we would attempt to find out the set
of conditions, which predicate the existence of the link. Because we are restricted to the
data at hand, we still operate at the local, yet higher level of the “Minor premise” within
the hierarchy. Finally, we shall attempt to produce a generalized statement or rule that

would allow us to enter the “Major premise” level of the hierarchy.

Once the major premise is generated, our newly minted hypothesis could be tested
in another environment, such as that of developed, or developing, or least developed
countries. In this sense our setting of the economies in transition is a fortunate one, for it
1s distinctive enough to be warranted its own appellation within a taxonomy, and yet
containing the general characteristic of other types of countries. This gives us at least

some reasons to assume that conclusion of this study could be applied beyond its setting.

Thus, our methodology proceeds “bottom-up,” spanning all the way from a
conclusion, to the minor premise and the major premise. It is not difficult to map the toois

and methods that we use to each of the boxes in the Figure 5.

For example, starting in the “Conclusion” part of the framework of the
hypothetico-deductive logic, we first are going to determine the existence of the indirect
relationship between TFP and investments in ICT. We are going to use Cluster Analysis,
Decision Trees analysis, Data Envelopment Analysis, and Correlation as the data analytic

tools at this stage.
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Once the presence of the indirect relationship is established, we are going to
determine the conditions required for such relationship to exist. This stage utilizes
Decision Trees and Multiple Regression as the data analytic tools and corresponds to the

“Minor Premise” part of the framework.

Next, in the “Major Premise” of the framework, we are going to formulate our research
model relating investments in ICT to TFP in the context of TEs. The hypothesis is going
to take form of the structural equation model. Structural Equation Modeling implemented

with Partial Least Squares is the tool that we are going to use at this stage.

Finally, we are going to test our formulated hypothesis, expressed as our research
model, by running Structural Equation Model. Based on the results of the corresponding
to our research model measurement and the structural models, we are going to reject or

accept our hypothesis. This would bring us to the “Conclusion” part of the framework.

Now we present our course of action in more details.
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The research methodology within the framework of the hypothetico-deductive logic

6.2 Research methodology

The first step in our investigation involves Cluster analysis (CA). The purpose of
the clustering is to determine whether or not the selected set of TEs is homogenous.
Specifically, we would like to obtain some hints on whether or not there are clear and
specific distinctions between some of the TEs.

In the second part of our inquiry, we employ DT analysis. At this stage, the goal

1s to investigate the differences between the clusters of TEs that were generated by the
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CA in the previous step. Taking a step-by-step approach we attempt to uncover set of
dimensions along which TEs in our sample vary the most.

In the next step of our investigation, we perform Data Envelopment Analysis
(DEA). This method allows us to inquire into the efficiency of the TEs of our set. By
assigning an efficiency score to each TE, DEA allows us to determine the contents of the
two subsets of our sample: efficient and inefficient TEs.

The fourth part of our investigation would take advantage of the Decision Tree
(DT) analysis. By creating a binary dummy variable, we are able to incorporate the
results of DEA and create a Classification DT. As a result, we are able to obtain the
insights into the nature of the differences between the efficient and inefficient TEs.

The fifth stage of our investigation involves using of the Translog regression
model. The purpose of this part of our analysis is to determine whéther or not there exists
a set of investments that are complementary to the investﬁents in ICT. The use of
Translog allows us to incorporate the interaction terms in the production function and to
test the significance of the interaction terms. Based on the results of this stage we are able
to find out some of the types of the investments affecting the investments in ICT.

The sixth part of our investigation relies on using Structural Equation Modeling
(SEM). The goal of this stage is to determine the presence of the relationship between the
investments in ICT and the’ unexplained part of the macroeconomic growth, TFP. We
apply SEM to the whole sample of our TEs, as well as to the subsets of the sample that

were determined by the CA in the first step. As a result, we are able to identify what
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subset of our sample exhibits statistically discernible relationship, and which subset does
not.

The last step of the data analysis involves using Classification DT and Neural
Network (NN) analyses. During the final stage of our research, we aim to investigate the
reasons why some of the TEs exhibit statistically significant relationship between the
investments in ICT and TF P, while other TEs do not. By using DT, we are able to inquire
into the differences regarding the ICT Capitalization, while use on NN allows us to
obtain some hints regarding the differences in effectiveness of the process by which the
investments in ICT contribute to TFP.

We offer an overview of the tools and techniques used in this study next.

6.3 Overview of the Methods

In this part of the paper, we provide brief introductions and overviews of the
methods that are used in this study. Our seven-step research methodology takes
advantage of the following six data analytic methods: cluster analysis, decision tree
analysis, data envelopment analysis, multivariate regression, structural equation
modeling, and neural networks.

The statistical tools used in the order as listed. However, we are going to offer an
overview of data envelopment analysis (DEA) prior to cluster analysis (CA), for the use

of CA is warranted by the specifics of DEA.
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6.3.1 Data Envelopment Analysis

Data Envelopment Analysis (DEA) is a nonparametric method of measuring the
efficiency of a decision-making unit (DMU). Any collection of entities that operates with
the same set of the inputs and produces the same outputs, be it a firm or a country, could
be designated as DMUs. In this DEA study, DMU would represent a cduntry from the set
of TE. This method, which is nonparametric in the sense that DEA is entirely based on
the observed input-output data, was originated as a collection of techniques for measuring
the relative efficiency of a set of ‘DMUs with unknown or unavailable price values for
data inputs and outputs (Sengupta 1995). While it is beyond the scope of this paper to
provide an overview of the theory behind the computations in DEA, we would like to
direct the interested reader to the comprehensive presentation of the theoretical
underpinnings of the DEA by Dula (2002b).

One of the benefits of DEA lies in its flexibility, fof a researcher could take
advantage of several models and orientations that this method has to offer. Thus, for
example, the choice of a given DEA model would depend on the underlying economic
assumptions about the returns to scale of the process that transforms the inputs into the
outputs (Dula 2002a). Consequently, the different sets of assumptions would yield the
different models. As a result, instead of forcing a single perspective, DEA offers multiple
vantage points in the form of the several models and orientations available to the

researcher.
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The three commonly mentioned orientations of DEA model are the following:
input-oriented, output oriented, and base-oriented (Charnes, Cooper, Lewin and Seiford
1994). An input-oriented model is concerned with the minimization of the use of the
inputs for achieving a given level of the output. Thus, it deals with the efficiency of the
input utilization and inputs within the model are controllable. In our research, we employ
the input-oriented model in order to approach the issue of efficiency from the perspective
of the policy maker, who would probably be interested in how efficiently the allocéted

investment resources are utilized by a given TE.

Output-oriented DEA model, on the other hand, is concerned with the
maximization of the level of the outputs per given level of the inputs. Thus, it deals with
the efficiency of the output production where outputs are controllable. In this study, we
use output-oriented model, for it appears reasonable to expect that the macroeconomic

goal of any economy is maximization of the output as represented by GDP.

Base-oriented model, unlike the first two, has dual orientation and is concerned
with the optimal combination of the inputs and outputs. Therefore, this type of DEA
model deals with the efficiency of the input utilization and efficiency of the output

production, having control over both inputs and outputs within the model.

As a result, definition of efficiency depends on the orientation of the model. In the
case of an input-oriented model, no DMU would be considered efficient if it is possible to
decrease any of its inputs without affecting any other inputs and without decreasing the
level of the outputs. While in the case of an output-oriented model, a DMU could not be

considered efficient if it is possible to increase the level of any of its outputs without
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affecting other outputs or increasing level of any of its inputs (Charnes, Cooper and

Rhodes 1978).

The empirical foundation of DEA eliminates the need for some of the
assumptions and limitations of traditional efficiency measurement approaches (Bowlin
1998). As a result, DEA can be used in éases where the relationships between the
multiple inputs and multiple outputs involved in DMUs are complex or unknown

(Cooper, Seiford, and Zhu 2004).

The original DEA model was introduced in 1978 by Charnes, Cooper and Rhodes
and it is commonly called CCR (an abbreviation consisting of first letters of the authors’
names). .This model allows representing multiple inputs and outputs of each DMU as a
single abstract “meta input” and “meta output.” Consequently, the efficiency of each
DMU can be represented as a ratio of the abstract input to the abstract output, and the

resulting efficiency value can then be used for comparison with other DMUs in the set.

Mathematically, this ratio can be expressed as the following objective function:
max hg(u,vi) = XY / ZiViXiy
where,
the u, is the variable representing the output value
the v; is the variable representing the observed input value
the y,, is the observed amount y of output » produced by DMUj, from the input x;,
X, 18 the observed amount of input i consumed in order to produce y amount of output »

by the DMUj, ( the DMU to be evaluated).
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Adding the normalizing constraint, according to which ratio of virtual input to virtual
output for each DMU must be less than one, the following linear programming (LP)
problem can be formulated:

max Ayp(u,v) = Z0,Y,, / ZiViXio

subject to

2wy, Zvx;<1lforj=1,..,n

u, v;>0 for all i and r,
where in the case of fully rigorous development u, v;> 0 would be replaced with the
constraint including a non-Archimedian element ¢ such as

u v, : .
~—— > £>0, and ¢ is smaller than any positive real number.

p
m > m
Zvi‘xio Z ViXio
i=l =l

(adapted from Cooper et al. (2004).

However, the given above formulation yields infinite number of solutions, thus,
transformation of the formulation has been developed by Charnes and Cooper(1962),
which changes (u, v) variables to (¢, v) and yields the equivalent linear programming

problem to the one above. Following is a Charnes-Cooper transformation

max z = Sz HrVro
=1
Subject to
s m

s HiYro -y VXSO
=1 =1

m
3 V,'x,'j: 1

i=1

My, Vi Z 0
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The LP Dual for this linear problem, which sometimes referred to as the “Farrell model,”

can be formulated in its “relaxed” form as

® * =min @
Subject to

n
¥ Xij 4 < Oxip i=12,...,m;
J=1
n
s YijAjZyro r=12,..,s;
J=1

=0 j=12,...n;

The provided above model operates under assumption of strong disposal by ignoring the
presence of non-zero slacks, allowing, consequently, for the solutions with weakly
efficient DMUs (more on this below).

The optimal solution to this problem, @ *, yields the efficiency score for a particular
DMU, which implies that

O *<l1

As a result, all DMUs for which
O *<1
are inefficient, while those for which
O *=1

are considered to be 100 percent efficient.
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A relative efficiency of a DMU can be characterized as being strong or weak. For
example, a DMU is considered to be strongly (fully) efficient if @ * =1 and all slacks are
equal to zeroes. On another hand, a DMU could be weakly efficient if it obtained the
same score of ® * = 1, but some slacks are not equal to zero. As it was shown above, the
type of relative efficiency of a given DMU is determined by the constraint of the LP
problem: if the constraint utilizes a non-Archimedian element ¢, the solution would allow
for fully efficient DMUs, and if not, then all relatively efficient DMUs must be qualified
as being weakly efficient.

As we stated previously, in this research we are going to utilize input-oriented
DEA model as well as output-oriented model. The type of relative efficiency of a DMU
would not be affected by the orientation of the model, for it is dependent on whether the
slacks are equal to zero or not. Next, we provide a brief overview and formulation of the
output-oriented DEA model.

In the case of the output-orientation, the objective function would be based on the
ratio of virtual output to input, which would yield similar, but “re-oriented” objective
function

min Ap(u,v) = ZViXio / ZU, Y0

subject to
Tvixi /2y, <lforj=1,..,n
u, v;>0 forall i and r
or, again, in the case of the fully rigorous development

u,v, 2€>0 forall iand r
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Charnes-Cooper transformation of which would take the form as follows

m

ming= X Vi
i=1
Subject to
m N

L ovixg - Z',uryerO
r=1

=1

s

HUrVro = 1
=1

=

UrviZ e
Consequently, the corresponding output-oriented LP dual could be represented as the

following output-based Farrell model

O * =max O
Subject to

J
Y Zn 2 Oujp, m=12,..,M

J=1

J
) ZjXijn ijn n :],2, ....,N,'

Jj=1
zi>0 j=12...J;
Where
©® = output technical efficiency measure,
u;m = quantity of output m produced by DMU j,
Xj,= quantity of input » produced by DMU j, and

z;= intensity variable for DMU j (adapted from Cooper et al. (2004).
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To briefly recap, in the case of “non-relaxed” LP, a score less than one means that
some other unit(s) from the sample could produce the given level of outputs using less
inputs (in output-oriented model), or, could utilize the given level of the inputs more
efficiently by produce higher level of the outputs( in the case of input-oriented model). In
the case of the “relaxed” LP, however, a DMU receiving a score of less than 1 could still
be considered “weakly” efficient. This ‘weak’ efficiency could take place in the case if
the optimal solution with positive slacks exists and there no other DMU which is better in
every input or output.

Thus, by using the techniques of LP, this comparison results in efficiency ranking
of each DMU in the given set, where the highest ranking DMU is considered to be 100%
efficient (Sengupta 1996). Because multiple DMUs could receive the same score, there
could be multiple 100% efficient DMUs in the given set. As a result, DEA ‘envelops’ the

data set with the boundary points represented by the 100% efficient DMUs.

According to Charnes, Cooper, Lewin, and Seiford (1994), the concepts and
methodologies of DEA are now incorporated into four models: CCR, BCC,
Multiplicative, and Additive. The authors summarize the interpretive possibilities of each

of the listed above models as follows:

1. The CCR (Charnes, Cooper and Rhodes) ratio model yields an objective
evaluation of overall efficiency, identifies the sources, and estimates the amounts
of thus identified inefficiencies.

2. The BCC (Banker, Chamnes, and Cooper) model distinguishes between technical

and scale inefficiencies by estimating pure technical efficiency at the given scale
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of operation and identifying whether increasing, decreasing, or constant returns to

scale possibilities are present for further exploitation.

3. The Multiplicative model provides a log-linear envelopment or a piecewise Cobb-
Douglas interpretation of the production process.

4. The Additive model and the extended Additive model that relate DEA to the
Charnes-Cooper inefficiency analysis and in the process relate the efficiency
results to the economic concept of Pareto optimality  (Charnes et al. 1994).

The DEA models with the different assumptions regarding their return-to-scale
would, naturally, may produce the different interpretations of the data. As a result, the
models with the different return-to-scale’ assumptions would produce the different
envelopment surfaces (commonly called ‘efficiency frontier’) consisting of the set of the
100% efficient DMUs. In this regard, based on the created efficiency frontief, the results

of DEA could provide descriptive, as well as prescriptive information to each DMU.

Descriptively, results of the analysis could yield the relative efficiency of each
DMU in comparison to the rest of the set and in comparison to the efficiency frontier.
While prescriptively, DEA could provide some suggestion regarding improvement of the
inefficient DMUs. Specifically, how much a given DMU must it alter its outputs and
inputs in order to become more efficient (Soteriou and Zenios, in Markoulides 1998). We

describe in more details the model used in this study next.
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DEA, BCC model

A widely used DEA model was introduced in 1984 by Banker, Charnes, and
Cooper and is commonly called BCC model. The main difference between CCR model
and the model of Banker, Charnes, and Cooper lies in how the returns to scale are
handled. While CCR model assumes constant return to scale, BCC model is more flexible
in that it allows for the variable returns to scale. Hence, a given DMU is considered to be
efficient by CCR model only if is both scale' and technically” efficient, while for the
same DMU to be considered efficient by BCC model it must only be technically efficient
(Bowlin 1998). Thus, if a DMU is considered to be efficient by CCR model, it will also

be considered as such by BCC model, while reverse not necessarily being true.

As well as CCR model, BCC makes the efficiency of a given DMU to be
contingent on two conditions: the value of proportional reduction being equal to one and
all slacks being equal to zero. This, of course, is equivalent to zero distance from the
efficiency frontier. Thus, all the sources on inefficiency stem from nonzero slacks and

value of proportional reduction being less than one.

Similarly to CCR model, for a given DMU to be qualified as efficient under the
input oriented model of BCC, it must simultaneously qualify as an efficient under the

output oriented model and vice versa. Figure below illustrates the differences in the

" Scale efficiency is a measure of the deviation from the constant return to scale
* Technical efficiency is represented and measured as the greatest proportion of the maximum potential
output to the actual or observed output in the case of output-oriented model, or the greatest proportion of
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enveloping surfaces produced by CCR and BCC models for the set of 7 DMUs with a

single input and a single output (adapted from Charnes et al. 1994).
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Figure 6 DEA: CCR (Dashed line) and BCC (Solid line) Models

In the Figure 6 above, dashed line represents the frontier of CCR model, with
constant returns to scale, while the solid line depicts the enveloping surface produced by
BCC model with the variable returns to scale. As we could see, CCR model produces
efficiency frontier defined by the single DMU (P2), while the efficiency frontier of the
BCC model is produced by the four DMUs (P1, P2, P3 and P4). The DMUs that do not

belong to this envelopment surface (or efficient frontier) are operating inefficiently.

In both cases, whether we use CCR or BCC model, the use of DEA allows for

producing of the efficiency frontier consisting of the efficient countries. The efficiency of

the minimal feasible input usage to the actual or observed input usage for input-oriented model (from
OnFront Reference guide 1998-2000)
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the countries of TEs is determined by how well the set of inputs, one of which is the
investment in ICT, is transformed in the output, represented by GDP. Next, for the
purposes of our study we need to isolate yearly changes in TFP, as values of GDP change
from year-to-year. This is accomplished by means of using Malmquist index, covered

next.

DEA, Malmaguist Index

It is comrribnly assumed, that economic growth could be determined by two
factors. The first factor, resource accumulation, could lead to high rates of growth, albeit,
due to the law of diminishing return, only for a limited period of time. Thus, it is the
second factor, growth in productivity that is assumed to allow for attaining of the
sustained economic growth. The productivity i1s'commonly referred to as Total Factor

Productivity (TFP) and its growth is measured by the use of Malmquist index.

Based on the idea of productivity index, originally suggested by Malmquist
(1953), Caves, Christensen and Diewert (1982) defined the Malmquist index of TFP
growth. Later, Fére, Grosskopf, Norris, and Zhang (1994) have shown that the Malmquist
index could be constructed based on the results of DEA. Essentially, the approach is
based on performing DEA analysis in two points in time; let us say T1 and T2. Let us
again consider running example based on the set of 7 DMUSs, each with single input and a
single output. Figure 7 below shows constructed efficiency frontier at the time T1, and,

designated by a dashed line, inefficiency of the DMU PS5 relative to the frontier.
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Figure 7 Efficiency frontier, efficient and inefficient DMUs

Then, for a given DMU, the period of time (t2-t1) could be represented by the
distance between the data point at the time t1 and the data point at the time t2. For each
DMU the distance between these data points would be reflective of the change in this

DMU’s TFP, which is, of course, is represented by the Malmquist index.

In the case of economic growth, we would expect that the efﬁciency frontier for a
given set of DMUs would change its position over a period of time. Let us suppose that
three DMUs, P2, P3 and PS5, have changed their position over the period of time T2 —T|1
(as depicted in the figure below). Such change is reflected by the new positions of these
DMUs, as well as a new position of the efficiency frontier (represented by dashed line).
As a result, for a given period in time, change in the position of each DMU could be
perceived as consisting of the two components. The first component is the change in

distance between a given DMU and the efficient frontier, which reflects the changes in
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technical efficiency, and the second is the change in position of the efficient frontier
itself, reflective of the technological change that took place over (t2-t1) period of time.
Figure 8 below depicts such changes in the frontier, as well as the change in the position
of the DMU P5 relative to the frontier. In this case, change in the position of DMU PS5
relative to the frontier, less the change in the position of the frontier itself, would be

represented by a particular value of the Malmquist index for DMU P5.
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Figure 8 Components of Malmquist Index: TC and EC

Formally, the Malmquist (output-oriented) TFP change index between period 0
(the base period) and period 1 could be defined (following is adapted from (Milana and

Zeli 2002))by using the concept of distance functions d'(x,).

In the case of output-orientation  distance  function 1s  defined
asd'(x,y)=min {d: (y/d)e 4™ (x)}, where 47'(x) is the set of all possible levels of the

output y for a given technology t and the input level x (Milana and Zeli 2002).
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Consequently, the Malmquist (output-oriented) TFP change index between period 0 and

period 1 is given by

Lyx)  d'yixi) 12
d'(yoxo)  a (yo:Xo)

TFPy(yo.X0,Y1,X1) = [ *

Which is equivalent to:

d'(y1,x1) d(y1,x1) d(y0,x0) 12
TFPm(YO’XO,YI,Xl) = EC*TC = *

& (Yo,Xo0) d' (Y1,x1) a (YosXo)

Where EC is an index of efficiency change between periods 0 and 1

d'(y1,x1)
d’(yo,%o)

EC=

And TC is an index of technological change between periods 0 and
d(y1,x1) d(yo,x0) 12
TC= : *
dyixi))  a (Yo.Xo)

(Milana and Zeli 2002)
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DEA, Summary

We have described how by using DEA we are able to obtain values of changes in
TFP for each of the DMUs used in the analysis. The choice of DEA for our purposes
appears to be warranted, for this technique has been used widely in the research

investigating the impact of IT on productivity (references to be added).

There are multiple inherent advantages and disadvantages to using DEA, as well
as multiple endemic strengths and weaknesses of the technique itself. Thus, for example,
it would appear that DEA would require homogeneity of the DMU within a given
sample, for this type of analysis makes sense only if one determines relative efficiency of
the similar DMUs. It is also quite obvious that the presence of any outliers within a set of
DMUs would be detrimental to analysis due to inevitable distortion of the enveloping
surface. In these two cases the problems lie not within the technique of DEA itself, but
are inherent to the data set that is the subject to analysis.

Thus, to maximize the benefits offered by DEA we are going to analyze the data
set that we use with the purpose of determining whether or not it contains the obvious
outliers and whether the countries of TEs appear to be homogenous. In order to do so we

are going to use Cluster Analysis, overview of which is presented next.
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6.3.2 Cluster Analysis

Cluster analysis(CA) (Tryon 1939) could be described as an analytic tool purpose
of which is to organize, or partition, a set of data into the number of subsets in such a
way, that the similarity within the .observations Within a subset is high, while the
similarity between the observations from the different subsets is low. Commonly,
variance is used as main tool for identification and classification of the data points into
the clusters, such as variance within each cluster is minimized and the variance between
the clusters is maximized. In our case, the original data set is represented by the group of
countries of transition economies and the purpose of clustering would be to determine if
the original group could be partitioned in a number of subgroups, so there are substantial
differences between the subgroups, but the individual countries within a single group are

similar.

There are three general approaches to clustering. These are hierarchical clustering,
k-means clustering, and two-step clustering. We provide the brief overview of each

approach next.

Hierarchical clustering could form clusters by one of the two methods,
agglomerative or divisive. Agglomerative method assumes that each data point is its own
cluster, and with each step of the clustering process, these clusters are combined to form
larger clusters, which are eventually combined to form a single cluster. Divisive method
of the hierarchical clustering, on the other hand, starts with the single cluster

encompassing all data points within the sample and proceeds to divide it into the smaller
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dissimilar clusters. Agglomerative method of hierarchical clustering appears to be the
most appropriate type of clustering for the purposes of our research. We expect that all
the transition economies within our data set are relatively similar. Thus, as agglomeration
of data sets together proceeds, we expect to see the reduction of the number of clusters
with the proportional increase of the membership within each cluster. If, on the other
hand, we end up at the last stages with two clusters, one containing a single data point,
and another containing the rest of the data set, it may reasonably suggest that the outlier
1s present. Hierarchical clustering could be depicted as a two dimensional diagram,
commonly called dendrogram, which shows the agglomerations or divisions made at
each successive stage of the cluster analysis. An example of a dendrogram is presented in

the Figure 9 below.
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Figure 9 Hierarchical clustering

Unlike hierarchical clustering, K-means clustering requires the number of resulting
cluster, k, to be specified prior to analysis. Thus, k-means clustering will produce k
different clusters of greatest possible distinction. This method of clustering could be
useful in the case if our data set included countries of the different types, i.e., developed,
developing, transition economies, and least developed countries. Consequently, it would
have been reasonable to pre-specify number of clusters according to the establish

classification types. In our case, however, we do not have any apparent reasons to specify
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k as being anything but 1. An example of K-means clustering, with K=2 and K=3, is

provided below in the Figure 10.
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Figure 10 K-means clustering

Two-way (or two-step) cluster analysis based on the combining of the mulitiple

data points into the single clusters, which are then treated as a single data point and

subjected to the hierarchical clustering. This type of clustering could have been useful in

our research if, aside of having the data set containing multiple types of countries, we

were concerned with identifying and grouping different types of countries together based

on a specific characteristic. For example, two-way clustering could have been useful if

we were interested in combining in a single cluster [CT-producing countries. Such pre-

clustering would have resulted in members of the developed countries, such as USA,

being grouped together with the developing countries of South-East Asia.
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Prior to cluster analysis it is usually required to specify measure of distance that is
going to be used in formation of the clusters. While there are multiple distance measures

could be used, we are going to utilize Euclidian distance, the most commonly chosen

type.

However, despite our intention to identify a particular, advantageous for our
specific purpose type of clustering, it does not guarantee that we shall end up using it.
The simple reason is that it is not clear what makes a particular clustering approach to be
effective. Depending on the size of the sample and the number of variables used in
Cluster Analysis, a specific clustering method can perform extremely well on one data

set, while very poorly on another.

6.3.3 Multiple Regression

Multiple Regression: General Overview

The purpose of the Multiple Regression (MR)(Pearson 1908) is to model the
relationship between a siﬁgle dependent variable and the multiple independent variables.
Generally, MR procedure estimates a linear relationship within the following model:

Y=a+b;sX; + byXo + b3+X; +...+ bysX, te
Where,

Y= dependent variable

a = intercept
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by = slope coefficient
Xy = independent variable
e = error term
Unlike the General Linear Model (GLM), purpose of which is to test the
relationship between the dependent and a single independent variable of the model
Y=a+ta+bX,+e
the interpretation of the MP is not as straightforward. While GLM models dependent
variable as a function of the intercept and the product of a slope and the value of the
independent variable, MR relates each independent variable in the partial fashion to a
dependent variable. Meaning, a coefficient of each independent variable represents partial
contribution to the dependent variable, while controlling for the rest of the independent
variables in the MP equation.
As a result, unlike the GLM that directly correlates the independent and
dependent variables, MR correlates the dependent and independent variables in a partial

fashion, which is often referred to as a partial correlation (Yule 1907).

Multiple Regression: Interaction Effects

In some cases while using MR, we are interested in the interaction effect of the
independent variables on the dependent variable. In this case, the general model of MR
takes form of:

Y=a+ b;X; + b Xo + b3X; Xot...+ bys X, + bpsXy + bype X Xy e



93

And the test for interaction amounts to testing the null hypothesis
HO: b3 = 0;

And in the case of b3 # 0 we are able to reject the null hypothesis of no interaction
between X; and X,
The interpretation of the interaction term in MR, however, is not as straightforward as the
interpretation of the slope coefficient of an independent variable. For example, b; in the
equation above reflects the relationship between Y and X; and X, when X; and X, increase
jointly. Furthermore, b; in the equation above reflects conditional relationship between Y
and X; and X, for the impact of X; on Y would depend on the level of X, and vice versa.

For the purposes of this research, we are interested only in testing the null
hypothesis of no interaction between the investments in ICT and other types of
investments. As a result, we are not going to inquire into such potentially affecting the
interaction term issues as the presence of thresholds, level-dependent dynamic of the
interacting variables, and so on.

The brief overview that we have provided in this section is not intended to reflect
the true complexity of this topic. Consequently, any reader who is interested in the
subject of interpreting the interactions in MR, would be well-served by referring to such

sources as Jaccard et al. (1990 ), Aiken and West (1991 ), and Braumoeller (2004).
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6.3.4 Decision Trees

DT: General Overview

Few of the data mining tools are as widely used as Decision Trees (DT) for the
purposes of classification and prediction. DT got its name because the visual
representation of a classificatory or predictive DT model resembles an upside down tree.
The process of the creation of the DT model, or “growing of the tree,” is called DT
induction, and is based on the algorithmic partitioning of the data set into the multiple
subsets. There are number of the algorithms that are commonly used in DT induction, the
most popular being CART (Classification and Regression Trees) (Breiman et al 1984),
CHAID (Chi-squared Automatic Interaction Detection), ID3 (Quinlan 1986),
C4.5(Quinlan 1993), and C5.0(Quinlan 1998). When a given algorithm is applied to a
data set, the result is represented in the form of the tree that depicts a path along which

the partitioning took place.
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Structirally, the resultant DT model could be perceived as consisting of the four
types of the components, which are root node, leaf nodes, decision nodes and the
branches that connect the nodes to form a tree-like model. The Figure 11 above depicts
the general structure of a DT.

At the top of the DT is a root node, which represents the starting point (in the
form of the complete data set) from which the building of the DT model begins. Once an
algorithm applied, the data set becomes gradually partitioned more and more according to
the specific splitting rules. The point where each partitioning takes place called a decision
node, for it is a point where the “decision” to partition data is made. Most often this
splitting of the data into the subsets is based on the value of a single independent variable

from the data set (therefore, data sets with many independent variables generally tend to

Figure 11 Basic structure of a Decision Tree

yield larger trees), however, multivariate splits are possible as well.
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Despite that, there are no set in stone rules regarding the number of branches that
each split could produce, most of the algorithms yield binary trees, where the each split
made in the decision node produces two branches. While this splitting restriction does
affect representation of the model! (binary trees tend to be taller and non-binary DTs tend
to be more compact), it produces no effect on the modeled by the chosen algorithm
structure of the data set.

This process of DT induction takes place until the stopping criteria prevent further
splitting of the data set. Most of the algorithms use several stopping rules, plus, some
additional stopping rules could be added by the model builder. The nodes where stopping
criteria prevents further partitioning of the data set are called /eaf nodes or terminal
nodes.

Thus, because the process of DT induction basically proceeds in accordance with
the splitting and stopping criteria, the use of the different criteria would result in the
different DT models, even if they are applied to the same data set. Once the decision tree
is constructed, it is not only presented in an easily understandable visual form (see Figure
12), but could be as well easily converted into the equivalent, yet more readable set of the

decision rules.(depicted in Figure 13).
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Figure 12 Representation of the Decision Tree

This conversion takes place through the tracing of the every partitioning path
from the root node to each of the leaf nodes. As a result, every DT model would yield, at
most, the same number of the decision rules as there are leaf nodes. In the case of the
large trees with many leaf nodes, it is often possible to combine some rules, reducing,

therefore, the total number of the decision rules produced by the model.
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Nevertheless, the reduction of the total number of the rules does not soive the
endemic problem of the large DTs, namely, their tendency to overfit the data and produce
the models that have low generalizability beyond the data set at hand. Thus, development
of the algorithms that would allow for smaller DTs is one of the challenges of the
decision tree’ induction. Specifically, Breiman et al. (1984) suggested that despite the
importance of the good splitting rules offered by an algorithm, the overall quality of the

tree 1s more dependent on the quality of the stopping rules.

IF Annual telecom investment(Current US $) < $2,087,335
THEN

NODE : 2

N : 9

1 : 100.0%

0 : 0.0%
IF Total telecom services revenue(% of GDP in current US $) < 0.015947141
AND $2,087,335 <= Annual telecom investment(Current US §)
THEN

NODE : 4

N : 20
| : 0.0%

0 : 100.0%
IF Total telecom services revenue(Current US $ per person)

< $25

AND 0.015947141 <= Total telecom services revenue(% of GDP in current US $)
AND $2,087,335 <= Annual telecom investment(Current US $)
THEN

NODE : 6

N : 12

1 1 75.0%

0 1 25.0%
IF $25 <= Total telecom services revenue(Current US $ per

person)

AND 0.015947141 <= Total telecom services revenue(% of GDP in current US $)
AND $2,087,335 <= Annual telecom investment(Current US $)
THEN

NODE : 7

N AN

1 : 16.1%

0 : 83.9%

Figure 13

Set of the Decision Rules corresponding to the Decision Tree in Figure 12
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There are three general approaches that have been used to achieve smaller
decision tree models. The first approach attempts to tackle the problem by suggesting
different criteria to partition the data set at each decision node. The second approach is
based on pruning of a decision tree during the process of DT induction, or after the
process is complete. Finally, the look-ahead methods attempt to establish a split at a
decision node by analyzing the classifiability of the examples resulting from the split
(Kothari and Dong 2000).

Generally, the approaches that aim to control the size of a DT during the
induction phases are often referred to as pre-pruning, in contrast to post-pruning
activities that take place during the pruning phase. Despite taking the different paths to
reduce the size of DT, most of the pre-pruning and post-pruning methods are guided by
the single common criteria, the best generalization accuracy of the tree. Apart from pre-
and post-pruning approaches, the most common method utilized for boosting of the
generalization accuracy of the DT is through the partitioning of the data. Under this
approach, the original data set is divided into the three subsets, training, validation, and
test. Training set is then used for preliminary DT induction, or, training of the model.
Once the preliminary model is created, it is then tuned up using the validation data set.
Finally, the resultant model is then assessed and tested using the holdout subset of the test
data.

However, there are situations when other performance measures such as stability,
interpretability and simplicity of a DT could become important and must be considered

along with the generalization accuracy as well. For such cases, the multi-criteria
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approaches for evaluating DTs (Osei-Bryson 2004) would provide the greater benefit and

should be preferred over the single criterion approach.

Use of DT for Classification and Prediction

Decision Tree modeling could be used in cases when the dependent variable of
the data set is categorical (i.e., “1” or “0”, as in “efficient” or “inefficient”) or continuous
(i.e, any value between “0” and “17). Classification Tree’ models are constructed in the
cases when the dependent variable of the data set is categorical, while regression trees are
used in the cases of the continuous dependent variable. If used for the purposes of
classification, DT allows predicting the membership of a particular case to a group, while
in the case of regression DT predicts a value.

In the case of this research, we could potentially use both versions of the DT, for
the dependent variable of the data set is the efficiency of a given DMU (i.e., transitional
economy). In the case of the using direct scores provided by DEA, we would use
Regression Tree to create a predictive model. However, we as well could transform the
assigned scores to create a classificatory model. Let us recall that the assignment of the
scores by DEA is essentially dichotomous, i.e., a DMU is either found to be efficient, or
not. In this case we could assign the inefficient score of “0” to all transitional economies
that received any score but “1”".

The decision to use regression or classification model would affect the conditions

of the splitting criteria. For example, in the case of the continuous dependent variable
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(i.e., the values of the scores as assigned by DEA) each condition would split the data set
using “<”, “>7,) “>"or “<” operators, while in the case of the -categorical
“efficient”/“inefficient” dependent variable split would occur based on the condition of
equality (i.e., “=").

One of the criteria that are often used to evaluate a DT model is goodness of fit.
And while both, classification and regression trees utilize this criterion, they utilize the
different measures to express it. In the case of the classificatory model misclassification
rate is used as a measure of goodness of fit, while the residual sum of squares often
chosen as a measure to evaluate the quality of the regression trees. Nevertheless, despite
having different goals ( i.e., classification vs. prediction) and using different measures of
goodness of fit, both models, given their use of the same algorithm, would employ the
same methods to construct the tree, thus, both models would have the same form of the

tree.

6.3.5 Structural Equation Modeling implemented with Partial Least Squares method

SEM: General overview

Structural Equation Modeling (SEM) is a methodology that could be referred to as
representing the second generation of multivariate analysis (Fornell 1987). Unlike the
statistical tools of the first generation, exemplified by such techniques as cluster analysis,

multiple regression, principal component analysis and others, SEM, according to Gefen et
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al. (2000), “enables researchers to answer a set of interrelated research questions in a
single, systematic, and comprehensive analysis.” Use of SEM allows researcher to posit
the presence of the relationships between the multiple unobserved, or latent, variables,
where every latent variable is associated with multiple observed variables, often called
indicators or measures. Because the “ICT Investment Success” model of this study
attempts to test the relationship between the multiple theoretical constructs, SEM is
considered to be the appropriate methodology to use.

After the creation of the research model by an investigator, the process of SEM
could be perceived as consisting of the two parts. The first part involves testing of the
measurement model and primarily deals with the validation of the latent constructs
included the model. Once validity of the measurement model has bgen established,
testing of the structural model, the second part of SEM, takes place. Assessment of the
structural model involves testing of the hypothesized relationships between the latent
constructs of the research model. The results of the assessment are based on the
significance of the structural paths, which could be estimated by using different methods,
such as General Least Squares (GLS), Ordinary Least Squares (OLS), Maximum
Likelihood Estimation (MSL), Partial Least Squares (PLS), and others. Basic structure of

a SEM is depicted in the Figure 14 below.
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Figure 14 Basic Structure and Components of
SEM

SEM: Two Common Approaches

There are two common approaches to SEM, covariance-based and variance-
based. The covariance-based approach is based on the objective of minimization of the
difference between the covariance matrix of the sample and the covariance matrix of the
model. Thus, this approach is also commonly called factor-based, for the goal is to
maximize the fit of the model by means of minimizing the unique variance. It is because

of this goal of optimization of the fit the covariance-based approach is suitable for the
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situation “where prior theory is strong and further testing and development is the goal”
(Chin 2000).

In contrast to covariance-based approach that attempts to optimize fit, variance-
based approach attempts to optimize predictive capability of the research model relative
to the sample. The optimization of the prediction is achieved by estimating, as close as
possible, the parameters of the model by means of the minimization of the residual
variances of the variables in the model (Chin 1998a) Thus, this method is commonly
referred to as component-based, for “under this approach it is assumed that all the
measured variance is useful variance to be explained” (Chin 1997). One of the methods
that could be used to estimate parameters in covariance-based SEM model 1s Partial Least

Squares (PLS), overview of which is presented next.

PLS: Brief Overview of Benefits

Partial Least Squares method , originally introduced by Wald (1966), is one of the
least restrictive extensions of the multiple linear regression models that has the minimal
demands on measurement scales, sample size, and residual distribution (Chin 1997).
While covariance-based methods are more appropriate when research model is supported
by the strong theory and well developed measures, PLS is recommended “for predictive

research models where the emphasis may be more on theory development” (Barclay et al.

1995).
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Two commonly mentioned benefits of PLS method refer to the size and
distribution normality of the sémple. Regarding the sample size, Chin (1995) explains
that because “PLS is a limited information procedure, an appropriate sample size tends to
be much smaller than that needed for a full information procedure,” such as a covariance-
based approach. As for the sample data distribution, Barclay et al. (1995) note that PLS
does not require normally distributed data sample.

Another benefit of PLS refers to, albéit indirectly, its convenience to an
investigator. This estimation method is now available to a researcher as a GUI-based
PLS-Graph software package (Chin 1998b). Besides its intuitive interface, which makes
PLS-G easy to learn and use, this package offers bootstrapping option for significance

testing, adequate reporting capabilities, while being computationally efficient.

PLS: Why It Is Appropriate for This Study

We have decided to use PLS methodology to investigate our research problem for
following reasons. First, the measures that we use to represent our constructs are not well
developed. Second, our research model is at the early stage of the development. Thus, we
operate under the condition of the low theoretical knowledge, which is not uncommon for
the type of study that we undertake ( Barclay et al. 1995). In regard to these points Chin
(1995) notes that

“When using PLS, low theoretical knowledge does not necessarily imply a

researcher’s inability to define construct nor the nomological network in which
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these constructs reside. Instead, it likely depicts an exploratory stage where a

researcher. is testing and ad hoc model with newly developed items.”

This is in agreement with Joreskog and Wold (1982) statement that PLS is primarily
intended for the analysis in the situations of low theoretical knowledge.

Third, the data is our sample may not have a normal distribution. While this
would violate one of the fundamental assumptions in other methods (i.e., Maximum
Likelithood used in LISREL) and thus preclude us from employing them, PLS does not
rely on the assumption of the normally distributed data (Barclay et al. 1995).

Finally, another reason why we have chosen PLS pertains to the sample size. In
our case, where we are dealing with 18 TEs over 10 year period of time, our sample size
is expected to be small (less than 180 cases). Moreover, the sample size would decrease
even further when dealing with the 5-year period. Even by itself, this issue of the small
sample size would completely preclude us from using any other SEM method (i.e.,

LISREL).
6.3.6 Neural Networks

Neural Networks (NN) is a rather diverse group of techniques that are primarily
used in the modeling of the unknown complex relationships in the data. The most
common architecture of a NN, depicted in the Figure 15 below, could be represented as

consisting of the three layers: input, hidden, and output layers, where each layer consists
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of one or more nodes. This type of architecture, originally introduced by Rumelhart and

McClelland (1986), is referred to as Multilayer Peceptron (MLP).

Input Layer Hidden Layer Output Layer

Figure 15 Basic structure and components of the Neural Network

An input layer of NN consists of the input units or input nodes, representing the
input of the data into the NN. The hidden layer consists of the hidden units or Aidden
nodes, purpose of which is to determine and assign weights to the connections between
the input nodes and hidden nodes. Finally, the output layer consists of one or more output
units or output nodes, which represent the output of the NN. A common taxonomy used
to describe NN is based on the three criteria.

The first criterion is the architecture of a NN, which refers to the type of
connection between the nodes of the network. The type of connection that allows for the

signals between the nodes to travel in only one way, forward, is called feed-forward
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connection. The NNs using this type of connection are called feed-forward networks.
Another type of connection allows for the presence of the loops between the nodes and 1s
called feedback connection. The NNs using this type of connection are called feedback
networks.

The second criterion refers to the learning process of NN. In general, learning
takes place in NN by means of changing the Weights that the nodes of the hidden layer
assign to the inputs. If the weights are fixed in advance and cannot be changed, then the
NN is called fixed network. If the weights could be changed, the NN is called adaptive
network. The adaptive networks are capable of changing the weights based on the two
major types of learning: supervised and unsupervised. The unsupervised learning relies
only on the local information in the form of the available data set and does not require the
presence of an investigator to adjust the process of learning. The process of S{upervised
learning, on the other hand, requires presence of the investigator, who affects the process
of learning by supplying the global information in the form of the output target to the
NN.

The third criterion refers to the transfer function that NN uses to convert inputs
into the outputs. There are three major categories of transfer function: linear, threshold,
and sigmoid. In the case of /inear function, the output is in the linear relationship to the
weighted inputs. The threshold function uses some threshold value applied to the input to
determine the binary output. Thus, the output value would be dependent on whether the
input is greater or less than the preset threshold value. Finally, the sigmoid function uses

non-linear relationship between the input and output to determine the output of the NN.
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Thus, not entirely unlike the Decision Trees, Neural Networks could be used,
based on the chosen transfer function, for the purposes of classification or regression. In
our case, we are interested in the use of the NN for the purposes of performing the
regression task. Specifically, given two subsets of the data, our aim is to predict the
output for the one subset using NN that was trained on the other subset. For the purposes
of this research, we would use supervised mode of learning because the data set that we
are going to use contains not only the inputs (indicators representing the construct “ICT
Capitalization”), but also the outputs(indicators representing the construct “TFP”).

This brief overview of such complex subject as NN cannot do justice to the topic.
Thus, we direct the interested reader to Bishop (1995) for a comprehensive treatment of

the subject.
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CHAPTER 7 Results of the Data Analysis

7.1 Clustering

7.1.1 Clustering: Data

In this section, we describe the results of the cluster analysis that we have
performed on the two data sets that were compiled from the available to us sources,
Yearbook of Statistics and WDI database. The both sets include the data on the same 18
countries, with only difference being a length of the time series used for each set. While
the first data set includes the data on the 5-year-period from 1998 to 2002, the second
data set includes the data on the 10-year period from 1993 to 2002. The variables that we

use for the cluster analysis listed and described below.

Country&Year- Represents the name of the country and a year, such that the
“Albanial 993" represents the data for Albania in the year 1993. Thus, Albania during a
5-year period from 1993- 2002 would be represented by the set of the data points

{Albanial993,....., Albania2002}

Total telecom services revenue(Current US $)- Represents a converted in US §$ total

telecom service revenue for a given transitional economy, for a given year



111

Total telecom services revenue per person (Current US $) - A converted in US §
total telecom service revenue for a given transitional economy divided by the total

population of a given country.

Total telecom services revenue per worker (Current US $) - A converted in US §
total telecom service revenue for a given transitional economy divided by the total

labor force of a given country.

Annual telecom investment (Current US $) - Represents a converted in US § total

annual telecom investment for a given transitional economy, for a given year

Annual telecom investment per person (Current US $) - A converted in US §$ total
annual telecom investment for a given transitional economy divided by the total
population of a given country.

Annual telecom investment ( % of GDP) - Represents a percentage, relative to
GDP, of the converted in US §$ total annual telecom investment for a given
transitional economy, for a given year. Obtained by dividing a converted in US $
total annual telecom investment for a given transitional economy, for a given year,
by the country’s GDP, in US §.

Annual telecom investment per worker (Current US $) - A converted in US § total
annual telecom investment for a given transitional economy divided by the total labor
force of a given country.

Annual telecom investment per telecom worker (Current US $) - A converted in
US § total annual telecom investment for a given transitional economy divided by the

number of full-time telecom employees of a given country.
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Total telecom services revenue per telecom worker (Current US §) - A converted
in US § total telecom service revenue for a given transitional economy divided by the
number of the full-time telecom employees of a given country.

Productivity ratio per telecom worker (revenue/investment) - Ratio of Annual telecom
investment (Current US § per telecom worker) to Total telecom services revenue(Current
US $ per telecom worker)

The purpose that we pursue with cluster analysis is to inquire whether or not all
18 economies in transition that we study are, indeed, similar in regard to their
investments in and revenues from ICT. If the results of the cluster analysis demonstrate
that the 18 countries are not the same, we would like to further inquire whether the
countries could shift their position from cluster to cluster with time, or, whether the
countries are permanently bound to the cluster that they have been assigned to at the

beginning.

Thus, two hypotheses could be generated prior to the cluster analysis regarding the
outcome:
HOI: 18 transitional economies are homogenous regarding their level of

investments in and revenues from ICT.

We would reject HO1 if it would be possible to achieve such result of cluster analysis,
where there is more than one cluster and, given a set of data points representing a
transitional economy over 5 and 10-year period of time, every cluster would contain a

complete set of the data points representing a given economy.
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HO2: Relative to each other, 18 transitional economies maintain static relative

level of investments in and revenues from ICT.

We would reject HO2 if it would be possible to achieve such result of cluster analysis, so
that all the data points that represent any given transitional economy from the sample
would be assigned to the different clusters

We used SAS Enterprise Miner(EM) to perform cluster analysis of the two data sets.
The variables that we decided to use are not measured on the same scale, so, prior to
cluster analysis, according to the common practice, we have transformed the data by
standardizing the variables. Then we have performed three sets of analysis, one for the
first 5-year period (from 1993 to 1997), another one for the second 5-year period (1998-
2002), and, finally, the third set for 10-year period (from 1993 to 2002). The results are

presented below.
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7.1.2 Clustering: Results

7.1.2.1 First 5-years data set (1993-1997)

First S-years data set (1993-1997). Automatic setting

Cluster Proximities
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Dimension 1

Automatic setting yielded 9-cluster solution, with the clusters 1, 3, and 6 being clearly

removed from the conglomeration of the clusters 2,4, 5, 7, 8, and 9.

CLUSTER | Freguency of Clusted Aot #ean-S gusie Standard Devistion] basimiim Distarces o Chister Seedl! Naaest Chuste] Distance I Naarest Chustir] Total telecom services evarum{Clarent LT

1 3 0.6998425936 29131015752 3 4.0449010779 12151455433 °
2 20 0.3222487868 22505782408 7 21699959716 I5026556.072
3 3 03606273971 1.261267634; 5 31715021858 15304732363 ©
4 2 | 0.7259759632 L 1702%6454% 2% 60794513147 368578702 ¢
5. S, 02476010782 L mrerrrre 3 31715021858 e 284330838 94 7
6 3 - 0.4507182016 1.5621759723" 3 46576091345 O ansman <
7, 30 0.2717098631 1.4756153759 3 20782970203 263403667.19
] 10 0531926549 24562418631 9 22251475824 433963615.49
g 14 05321557482 27590672214 7 2.0782970203 384029671.98

Results in the table above demonstrate the memberships of each cluster.
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TOTAL_TELECOM_SERVICES_REVENUE_1
ANNUAL _TELECOM_ INVESTMENT _CURREN
ANNUAL _TELECOM_ INVESTMENT_CURREO
ANNUAL_TELECOM__INVESTMENT____ OF _
ANNUAL _TELECOM_ INVESTMENT_CURRE 1
ANNUAL _TELECOM__ INVESTMENT_CURRE2

TOTAL_TELECOM_SERVICES_REVENUE_2

PRODUCT IVITY_RATIO_PER_TELECOM_W

0 interval num )
0.543509935  interval num Total telecom services revenue(Current US $ per wor
0.4548246341  interval num . Annual telecom investment(Current US $)
0  interval num - Annual telecom investment(Current US $ per person)
. 0 . interval nun - finnual telecom investment( % of GDP)
0.8223503269 = interval num - Annual telecom investment(Current US $ per worker)
0.738151599 interval num fnnual telecom investment(Current US $ per telecom
0  interval num Total telecom services revenwe(Current US $ per te
0 ' interval num  Productivity ratio per telecom worker (revenue/inve
vvvvvv 1 _interval nun  Full-time telecommunication staff(% of total labor

In clustering of the data, three variables were

considered to be important: Full-time

telecom staff, Annual telecom investment per worker, and Annual telecom investment

per telecom worker.

Decision Tree below depicts the partitioning of the data that was used to obtain 9-cluster

solution.
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Decision Tree for 9-cluster solution , continued from above.

1
Annual telecom investmenl[Culrrent US 3% per telecom worker)
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| 1

2 0.0% 0 2 0.0% 0
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Table below contains the decision rules that were created based on the Decision Tree

above.
IF $788,999,717 <= Annual telecom investment(Current US §$)
THEN
NODE : 3
N : 6
2 0.0%
4 0.0%
7 0.0%
9 0.0%
8 0.0%
1 50.0%
3 0.0%
6 50.0%
5 0.0%
IF $230 <= Total telecom services revenue(Current US $ per
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worker)
AND Annual telecom investment(Current US §) < $788,999,717
THEN

NODE : 5
N : 8

2 0.0%
4 0.0%
7 0.0%
9 0.0%
8 0.0%

1 : 0.0%
3 : 37.5%
6 0.0%
5 1 62.5%

IF $12,035 <= Annual telecom investment(Current US § per

telecom worker)
AND Total telecom services revenue(Current US $ per worker)
< $230
AND Annual telecom investment(Current US $) < $788,999,717
THEN
NODE : 7
11
0.0%
0.0%
0.0%
0 9.1%
: 90.9%
0.0%
0.0%
0.0%
0.0%

N AW~ 00O Ak 2Z

[F Full-time telecommunication staff(% of total labor force) < 0.0044379161
AND Annual telecom investment(Current US $ per telecom worker)

< $12,035
AND Total telecom services revenue(Current US $ per worker)

< $230
AND Annual telecom investment(Current US $) < $788,999,717
THEN

NODE : 8
N 23
2 . 87.0%

4 : 8.7%
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0.0%
4.3%
0.0%
0.0%
0.0%
0.0%
0.0%

N N W — 00D ]

[F Annual telecom investment(Current US $ per worker) < $24
AND 0.0044379161 <= Full-time telecommunication staff(% of total labor force)
AND Annual telecom investment(Current US $ per telecom worker)
< $12,035
AND Total telecom services revenue(Current US § per worker)
< $230
AND Annual telecom investment(Current US §) < $788,999,717
THEN

NODE : 10
N 32

2 0.0%

4 0.0%

7 : 93.8%
9 = 63%

8 : 0.0%

1 : 0.0%

3 0.0%

6 0.0%

5 0.0%

IF $24 <= Annual telecom investment(Current US $ per
worker)

AND 0.0044379161 <= Full-time telecommunication staff(% of total labor force)
AND Annual telecom investment(Current US $ per telecom worker)
< $12,035
AND Total telecom services revenue(Current US $ per worker)
< $230
AND Annual telecom investment(Current US §) < $788,999,717
THEN

NODE : 11
N : 10

2 0.0%

4 0.0%

7 o 0.0%

9 : 100.0%
8 0.0%
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Clearly, 9-cluster solution is not very conclusive, thus, we have decided to gradually
decrease the number of clusters. From the automatic setting, we have proceeded to the 5-

cluster solution, below.

First 5-vear data set (1993-1997), 5 clusters

Cluster Proximities
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Dimension 1
It would appear that the 5-cluster solution is somewhat similar to the 9-cluster solution,
for it produces clusters (in this case 5 and 1 ) that are far removed from the majority of

the data points.
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Partitioning of the data set was made based on the three variables (see table above), the

most important of which was Total telecom service revenue per worker.
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After examining the information provided by Reporter node we have determined that

Cluster 5 contains data points corresponding to Poland (1993-1997), Hungary (1994), and

Czech Republic (1996, 1997).

The Decision Tree, reproduced below, demonstrates how the partitioning took place.

Decision rules, based on the tree, provided below as well.
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IF Total telecom services revenue(Current US §) < $1,095,434,514
AND Total telecom services revenue(Current US $ per worker)

< $138
THEN

NODE : 4

N : 65

2 96.9%

4 3.1%

3 0.0%

1 0.0%

5 0.0%

IF $1,095,434,514 <= Total telecom services revenue(Current US $)
AND Total telecom services revenue(Current US $ per worker)

< $138
THEN
NODE 5
N : 5
2 . 20.0%
4 . 0.0%
3 0.0%




122

1 : 0.0%
5 : 80.0%
[F Annual telecom investment(Current US §) < $717,540,070
AND $138 <= Total telecom services revenue(Current US § per
worker)
THEN
NODE : 6
N 15
2 0.0%
4 0.0%
3 : 100.0%
1 0.0%
5 0.0%
IF $717,540,070 <= Annual telecom investment(Current US $)
AND $138 <= Total telecom services revenue(Current US § per
worker)
THEN
NODE 7
N 5
2 0.0%
4 : 0.0%
3 0 20.0%
1 : 60.0%
5 1 20.0%
L

First 5-vear data set (1993-1997), 4 clusters

In this case we have obtained a 4-cluster solution, with somewhat consistent to the
previous cases outcome. We could see that the two, removed from the majority of the
data points, clusters move in the opposite directions. Cluster 1 is converging with the

clusters 2 and 4, while cluster 3 is becoming farther removed from the rest.
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As we could see in the table above, Total telecom service revenue per worker is again

considered to be the most important variable in partitioning of the data set

2 ’ ) 0.5454882724 36935660532 3 4.7953452319 18585541177 *
3 5 05570569269 27625459645 1 46378603964 2253300356.3
4 2 0.7259759632 17025645496, 2 6.6137271274 36867867.021

By examining the report produced by Reporter node, we were able to determine the

membership of the clusters 3 and 1.
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Cluster 3 — Poland (1993-1997).
Cluster 1 — Czech Republic (1995-7), Estonia (1996-7), Hungary (1993-7), Slovak
Republic (1996-7), Slovenia (1993-1997).

Corresponding to the 4-cluster solution Decision Tree is provided below.

2 2 200% 1
4 30% 2 4 00% 0
ooy g 1 00% D
3 00% 0 3 800% 4
Total 100.0% &7 Total 100.0% 5

Upon the examination of the tree, we could see that clusters 1 and 3 consist of the data
points with the higher level of Telecom revenue than the clusters 2 and 4.

Set of the decision rules, corresponding to the DT, is provided below.

[F $147 <= Total telecom services revenue(Current US $ per
worker)
THEN
NODE : 3
N ;18
2 0.0%
4 0.0%
1 94.4%
3 5.6%
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IF Total telecom services revenue(Current US §) < $1,095,434,514
AND Total telecom services revenue(Current US $ per worker)

< $147

THEN

NODE 4

N 67

2 : 97.0%

4 : 3.0%

1 0.0%

3 0.0%

IF $1,095,434,514 <= Total telecom services revenue(Current US $)
AND Total telecom services revenue(Current US $ per worker)

< $147

THEN

NODE 5

N : 5

2 1 20.0%

4 : 0.0%

1 : 0.0%

3 : 80.0%

First 5-vear data set (1993-1997). 3 clusters

We continue gradually minimize the number of clusters. In this case, we have chosen 3-
cluster solution. The diagram of distances is no longer available (must have more than 3
clusters to get a pictorial representation of the solution). However, we still could obtain

the table containing the distances between the clusters(provide below).

T , o , 285354799.37 T 1215365433
2 , 20535479937 0 930669312,
3 .1215365433.8 ; 930669312.95
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Somewhat surprisingly, the most important variable in partitioning of the data becomes

Annual telecom investment, not revenue, as in the solutions above.

e Hape : | Measuresent | Type | : _Label
TOTAL_TELECOM_SERVICES_REVENUE_C ! interval nun : Total telecom services revenue(Current US $)

TOTAL _TELECOM_SERV ICES_REVENUE _0 i interval num Total telecom services revenue(Current US $ per perso
TOTAL_TELECDM_SERV ICES_REVENUE _1 " interval num - Total telecom services revenue(Current US $ per worke
ANNUAL_TELECOM_INVESTHENT_CURREN Linterval  num . Annual telecom investment(Current US $)

2
E

ANNUAL_TELECDM_ INVESTMENT_CUBREO interval  num  Annual telecom investment(Current US $ per person)
ANNUAL _TELECOM_INVESTMENT_____OF Interval nun Annual telecom investment( X fmGDP) .
ANNUAL_TELECOM_ INVESTMENT_CURRE 1 interval nun Annual telecom investment(Current US $ per worker)
ANNUAL _TELECOM_ INVESTHENT_CURRE?2 interval num Annual telecom investment(Current US $ per telecom wo
TOTAL_TELECOM_SERVICES_REVENUE_2 interval nun : Total telecom services revenue(Current US $ per tele
PRODUCTIVITY_RATIO_PER_TELECOM M .interval  num - Praductivity ratio per telecan worker (revenue/invest
FULL _TIME_TELECOMMUNICATION_STAF i interval  pum Full-time telecommunication staff(%Z of tatal labor fo

Table below provides the membership for each cluster. We could see that cluster 1

contains only 2 data points (out of 90).

CLUSTER] Fiaquency of Chuster| oot Masn Sauare Standard Devistion! Mavimum Oistance from Chistes Sead Nearest Cluster| Distarce o Hearest Cluster] Totaltelecom servioss ravenueiCurient U
o 2 . 0.725975%32 oL 170256454% 2 Lo BEETEUESIZZ 36867867.021

L2 TR ... Ofsedzsess . GOs0E3een 3 60185715706 e 23423665368
I E 0 3764468623 " sa319266929 2 60155715706 1038602594:

Examination of the report yields the information that Cluster 1 contains the data points
corresponding to Albania (1996, 1997) and Cluster 3 consists of Czech republic (1995-
1997), Hungary (1994-7), Slovenia (1993-1997), Poland (1997).

Decision tree and set of rules for 3-cluster solution are provided below.

2 B33% 75
1 22% 2
3 14.4% 13

Total 100.0% 90

Annual telecom investment[Current US $ per telecom worker]

<s2208871] =322.088.71]

|
2 %e2x VR 2 00% 0
1 26% 2 1 00% 0
3 1.3% 3 100.0% 1
Total 100.0% 78 Total 100.0%
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IF Annual telecom investment(Current US $ per telecom worker)

< $22,089
THEN
NODE : 2
N ;T8
2 96.2%
1 2.6%
3 1.3%
IF $22,089 <= Annual telecom investment(Current US $ per
telecom worker)
THEN
NODE : 3
N 12
2 0.0%
1 : 0.0%
3 100.0%

First 5-vear data set (1993-1997), 2 clusters

Distance between the two clusters is provided in the table below.

2 e . 813376540.23

Having 2-cluster solution we could see that again, Annual telecom investment (this time

per telecom worker) becomes the most important variable in partitioning of the data.

E.
TOTAL_TELECOM_SERV ICES_REVENUE_0 0 nterval num Total telecom services revenue(Current US $ per persor
TOTAL_TELECOM_SERV ICES_REVENUE _1 0 ' interval num Total telecom services revenue(Current US $ per worker
_ANNUAL _TELECOM_ INVESTMENT _CURREN 0 : interval num Annual telecom investment(Current US $)
ANNUAL _TELECOM_INVESTMENT_CURREO - 0  interval num Annual telecom investment(Current US $ per person)
ANNUAL _TELECOM_INVESTMENT____ OF _ 0 interval num Annual telecom investment( X of GDP)
ANNUAL _TELECOM_INVESTMENT_CURRE 1 0  interval num | Annual telecom investment(Current US $ per worker)
ANNUAL _TELECOM_ INVESTMENT_CURRE?2 1 . interval num  Annual telecom investment(Current US $ per telecom wor
TOTAL_TELECOM_SERVICES_REVENUE_2 0 interval num | Total telecom services revenue(Current US $ per telec
PRODUCTIVITY_RATIO_PER_TELECOM W 0 : interval inum | Productivity ratio per telecom worker (revenue/investr
FULL _TIME_TELECOMMUN ICAT ION_STAF 0  interval num Full-time telecommunication staff(X of total labor for

The membership of each cluster is provided in the table below.
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] B . 0gse0esazer .. ... BSEIEOS 2 S.0669605681 .. ... 32340395774 7
2. 66 . 0bE2153w879 7.3951632373 1  5.0865605681 . . 21627998874

Examination of the results provided by Reporter node yield the following regarding the
membership of the Cluster 1 — Czech Republic (1994-1997), Estonia (1996-1997),

Hungary (1993-1997), Latvia (1994-5, 1997), Poland (1995-1997), Slovak Republic

(1996-1997), Slovenia (1993-7).

733% 6B
26.7% 24
100.0% 90

Annual telecorn investment[Culrrent 1S % per telecom worker)
. 1

<s11.967.66] >=$11.967.65]

I
100.0% 65 40% 1
0.0% 0 96.0% 24
100.0% B5 100.0% 25

IF Annual telecom investment(Current US §$ per telecom worker)
< $11,968
THEN
NODE : 2
N : 65
2 100.0%
1 1 0.0%
IF $11,968 <= Annual telecom investment(Current US $ per
telecom worker)
THEN
NODE : 3
N : 25
2 4.0%
] . 96.0%
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7.1.2.2 Second 5-year data set (1998 — 2002)

Second 5-year data set (1998 — 2002), Automatic setting

First, we have chosen the “Automatic” setting of the Clustering node. This setting
does not require input regarding the desired number of clusters. We have decided to find
out what is the number of “naturally”, from point of view of EM, occurring clusters. Set

of the data covering the period from 1998 to 2002 has been partitioned into the seven

clusters.
Cluster Proximities
f f — f t
1000000000 - -+
[a\]
e ,
é O 7 *ea4+ H3z L
) * 5
— 1000000000 -+
f i } f i
— 6750000006— 450000000G— 2250000000 O 2250000000

Dimension 1

It looks like the cluster number 7 is really different from other. clusters, while the
clusters 1, 2 and 3 are almost indistinguishable one from another and the clusters 4, 5,

and 6 being close by.



_TELEC HEUENUE C
TOTAL_TELECOM_SERV ICES_REVENUE_0
TOTAL _TELECOM_SERV |CES_REVENUE _1
ANNUAL _TELECOM_INVESTHENT_CURREN
ANNUAL _TELECOM_INVESTMENT _CURREO
ANNUAL _TELECOM_INVESTRENT ____ OF

0.6512832408
o

ANNUAL _TELECOM_ INVESTMENT_CURRE]

ANNUAL _TELECOM_INVESTHENT_CURRE?2
TOTAL_TELECON_SERY ICES_REVENUE_2
PRODUCT 1V TY_RATI0_PER_TELECOM_W
FULL_TIME_TELECOMMUN ICAT ION_STAF

.0.8592634383

Lo

0

0.539092322

_interval
interval
interval
Interval
interval
interval
interval
intervﬁ]__
interval
interval

) _Annual :
_;Total telecom services revenue(Current US $ per te
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Label

_ Total telecom services revenue(current us $).

Total telecom services revenue(Current US $ per ber
Total telecom services revenue(Current US $ per wor
Annual telecom investment(cwrent US §)
Annual telecom investment(Current US $ per person)
Annual telecom Investment( % of GDP)
Annual telecom investment(Current US $ per worker)

Praductivity ratio per telecom worker (reuenue/inve
Full-time telecommunication Staff_‘(Z of total labor

As the table above demonstrates, in partitioning the data set three variables were

considered to be relevant, in diminishing order of importance: Full-time telecom staff,

Total telecom service revenue per telecom worker, and Annual telecom investment per

capita. Table below contains the information regarding the membership of each cluster.

CLUSTER Fraquency of Thister! Hoot MeanSqusr
1 2

~oiaiaw N

0.4185646433

04472444393
06941647281

0.6243276297
0.3535707375

DSOS

Decision Tree for 7-cluster solution.

SO AN =

32406333118
0
1.322159497
3 300561 8407

| 23929635332

3.0733437536
1.7904372734

& Slandard Dievistion] Masdmun Distance from Cluster Seed] Mearest Cluster| Digance to Nearast Clister| Total televom services ievenue(cunent UL T

4 19342288928 18475182431 ©
8.5307650418 83738933612 ~
| 4389783153 . TR 27
19342286 51597272577 *
... daearsamed i 12553”*"559.5
| 42590931508 17143392744~
42929036722 68803212213

Total telecom services revenue[ounenl us 1

1< 34 525, 118515 sg i

1
2
4
5
E
3
7
T

o™ oy W W
ONmo g~
Cllstnpnghicn-

NG

ol 5é

CDAJ-J“th—‘&

2

»Ww

otal 100.0% 85

Annual telecom inveslmen.![Cunenl US $ per person)

1
i>=$4525116.616.53 ¢

Poonoono=—
NN NN
cooooo

oY)
o
gN
L

—
20o0ono0

NI Ol &) -
&

2
3

SN OA M-

T otal telecom services revenue[Current US $ per telecom worker)

1 a0% 0

2 0.0% 0

4 00% 0

S 100.0% 7
€ 00% @

3 0% O

7 nox Q
Totat 100.0% 7
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Decision Tree for 7-cluster solution , continued from above.

1
T otal telecom zervices revenue[Elurrent US $ per telecom worker]

$65.156. 76 | >= $65.156.75

1
2
4
5
B
3
7
I

1 BtI% a0 1oaeg
2 2y 2 0oz o0
4 108% 4 4 962% 25
5 poz o 5 poz o0
6 0D% 0 & o0D% 0
3 Bax 2 3 0o% 0
7 pox 0D Z .0B% 0
Total"!ﬂi) 0% 37 Total 100.0% 26

Productivity ratio per telecomlworker [revenuelinvestment]

1
121.8941277859 1 | >=1.8941277363

|
1 00% 0 1. 938% 30
2 00x 0 2 31x 1
4 g00x 3 4 31z 1
5 ooz 0O 5 0o0% o
B 00z 0 E 0020
3 400% 2 3 00% 0
¢ box o F. 00% 0
Total 1000%2 &  Total 100.0% 32

Decision tree corresponding to the 7-cluster solution is depicted above, while the set of

the decision rule offered below.

IF $151 <= Annual telecom investment(Current US $ per
worker)
THEN
NODE : 3
: 8
0.0%
0.0%
0.0%
100.0%
0.0%

w-bu:tu»—‘z

IF 0.0151074521 <= Annual telecom investment( % of GDP)
AND Annual telecom investment(Current US $ per worker) < $151
THEN

NODE : 5
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N 5

1 0.0%
2 o 0.0%
5 : 100.0%
4 0.0%
3 0.0%

IF Total telecom services revenue(Current US § per worker)

< $163

AND Annual telecom investment( % of GDP) < 0.0151074521
AND Annual telecom investment(Current US $ per worker) < $151
THEN

NODE : 6

N 55

1 1 98.2%

2 : 1.8%

5 o 0.0%

4 0.0%

3 0.0%
IF $163 <= Total telecom services revenue(Current US $ per

worker)

AND Annual telecom investment( % of GDP) < 0.0151074521
AND Annual telecom investment(Current US $ per worker) < $151
THEN

NODE : 7

N : 22

1 o 4.5%

2 o 0.0%

5 : 0.0%

4 o 0.0%

3 95.5%

Second 5-vear data set (1998 — 2002), 5 clusters

S-cluster solution produces somewhat familiar picture of two clusters being
removed from the rest. Clusters 5, 1, and 2 together contain 61 data points out of 90,

cluster 3 contains 21, and cluster 4 contains another 8 data points.
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Cluster Proximities

T T 1 1
1000000000 | T
(4}
S
2 * 3 *, k2
é O _L 5 >k 1 T
o * 4
—1000000000 -
— : : :
—2000000000 — 1000000000 0 1000000000

Dimension 1

According to the table below the most important variable in partitioning of the data was
Total telecom service revenue per worker, followed by Annual telecom investment per

worker.

‘ ‘TDTﬁL_TELECDH_SERU ICES_REVENUE_C

0 interval num  Total telecom services revenue(current US $)
TOTAL_TELECOM_SERV ICES_REVENUE_0 0 interval num Total telecom services revenue(Current US $ per pe
TOTAL_TELECOM_SERV ICES_REVENUE_1 1 interval num Total telecom services revenue(Current US $ per wo
ANNUAL _TELECOM_INVESTMENT _CURREN = 0 ' interval num  Annual telecom investment(current US $)
ANNUAL _TELECOM_INVESTMENT_CURREO 0 . interval _Annual telecom investment(Current US $ per person)

num
ANNUAL _TELECOM_INVESTMENT____ OF _ °  0.514565923 : interval num  fAnnual telecom investment( % of GOP)
ANNUAL _TELECOM_INVESTMENT_CURRE1 : 0.6277606063 = interval num  Annual telecom investment(Current US $ per worker)
ANNUAL _TELECOM_INVESTMENT _CURRE2 ' 0 ' interval num Annual telecom investment(Current US $ per telecom

num

num

num

TOTAL _TELECOM_SERV ICES_REVENUE_2 0 interval Total telecom services revenue(Current US $ per t
PRODUCTIVITY_RATIO_PER_TELECOM W : 0 ' interval Productivity ratio per telecom worker (revenue/inv
_FULL_TIME_TELECOMMUN ICAT ION_STAF 0 interval Full-time telecommunication staff(X of total labor

The membership of each cluster is provided in the table below.

- 0.4799484028

_____ i 340617024011 5 31325635398 344028764.97 =
2 1 . 0 1 87455694628 83738833612
3 21 08094228891 : 48613569275 1 39517923548 27376483103 >
4 8 0.8063792151 ) 4.2540643243: 3 4.2831127649 . 1562846083.3 ™
5 5 07578771748 27697292441 1 31325635398 42352078738
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According to the report, Cluster 3 consist of the data points corresponding to Czech
Republic (1999, 2002), Estonia (1998-2002), Hungary (1998-2000), 2002), Lithuania
(2002), Poland (1998-2002), Slovak Republic (2001-2), Slovenia (2002).

As for Cluster 4, it has following members - Czech Republic (1998, 2000-1), Hungary

(2001), Slovenia (1998-2001)

Decision tree of the 5-cluster solution is provided below.

1
2
5
4
3
T

1 5 1 00%

9T {3 2 00%

5 B1%Z B 5 00%

4 00% D 4 1000% 8
3 256% 2 3 00% 0
Total 100.0% 82 Total 100.0% 8

Arnnual telecom |nsttment[ %2 of GDP)

< 0.0151074521 i>=0.0151074521

1 71.4%Z 5% 1 00% 0
2 13x 2 D0x 9
5 00% O & 1000% 5
4 00% 0O 4 00% 0
3 213% 2 3 00x 0
Total1UlI:ID 77 Total 100.0% 5

. 2

1 982% 54 .1 45% 1
2 1.8% 1 2 0O0% 0
5 008% 0 5 00% 0
4 00% O 4 00% 0
3 00% 0 3 9Bh5%Z 2
Total 100.0% 55 Tetal 100.0% 22



And following is a set of decision rules.
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IF $151 <= Annual telecom investment(Current US § per
worker)
THEN
NODE : 3
N = 8
1 0.0%
2 0.0%
5 : 0.0%
4 :100.0%
3 0.0%
IF 0.0151074521 <= Annual telecom investment( % of GDP)
AND Annual telecom investment(Current US $ per worker) < $151
THEN
NODE : 5§
N 5
1 0.0%
2 : 0.0%
5 : 100.0%
4 0.0%
3 0.0%

IF Total telecom services revenue(Current US $ per worker)
< $163
AND Annual telecom investment( % of GDP) < 0.0151074521
AND Annual telecom investment(Current US $ per worker) < $151
THEN
NODE : 6
N =« 55
1 : 98.2%
2 1.8%
5 : 0.0%
4 0.0%
3 0.0%

IF $163 <= Total telecom services revenue(Current US $ per
worker)
AND Annual telecom investment( % of GDP) < 0.0151074521
AND Annual telecom investment(Current US $ per worker) < $151
THEN ‘
NODE : 7
N : 22
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1 4.5%
2 : 0.0%
5 o 0.0%
4 o 0.0%
3 95.5%

Second S-vear data set (1998 — 2002) , 4 Clusters

Again, we could see that the trend of having obvious heterogeneity holds for 4-cluster
solution. Clearly, cluster 4 is far removed from the majority of the data points represented

by the clusters 2 and 3 ( 68 out of 90 data points).

Cluster Proximities

T L T T
1000000000 -+
a
s * 1
= o)
= 1 4
j= * 4 3 " %2
[dn)
— 1000000000 —+ +
- — — ]
— 4000000000  — 2000000000 0 2000000000

Dimension 1
Total telecom service revenue, followed by the Annual telecom investment per capita,

became the variables that were used in partitioning of the data set.
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1

TOTAL_TELECOM_SERVICES_REVENLE_O 0 : interval num Total telecom services revenue(Current US $ per per
TOTAL_TELECOM_SERVICES_REVENUE_1 0 : interval num Total telecom services revenue(Current US $ per wor
ANNUAL _TELECOM_ INVESTMENT_CURREN 0 | interval num  Annual telecom investment(current US $)

ANNUAL _TELECOM_ INVESTMENT_CURREO : 0.7543551023 : interval num Annual telecom investment(Current US $ per person)
ANNUAL _TELECOM_ INVESTMENT __ OF 0  interval num Annual telecom investment( X of GOP)
ANNUAL _TELECOM_ INVESTMENT_CURRE 1 0 | interval num Annual telecom investment(Current US $ per worker)
ANNUAL _TELECOM_ INVESTHMENT _CURRE 2 0 | interval num Annual telecom investment(Current US $ per telecom
TOTAL__TELECOM_SERV ICES_REVENUE_2 0 | interval num Total telecom services revenue(Current US § per te
PRODUCT IVITY_RATIO_PER_TELECOM_W 0 | interval © L num Productivity ratio per telecom worker (revenue/inve
FULL_TIME_TELECOMMUNICATION_STAF 0 : interval num Full~time telecommunication staff(% of total labor

Membership of each cluster is provided in the table below.

Tiusy VS o

1193269585

1 8 . 0.7991970092 3.2145259023 4 4.1482993838

2 2 11577678035 27152061759 3 6.2477868882 . 71059981766 ~
3 66 0.5709300839 5.4464164955 4 48077841629 391797063.93:
4 14 0.7633443188 3.3819963816 1 41482993838 3980673197.4:

According to the results provided by Reporter node, Cluster 4 consists of the data points
corresponding to Czech republic (1999, 2002), Estonia (2001-2), Hungary (1998-2002),
Poland (1998-2002), while Cluster 1 confains Czech republic (1998, 2000-1), and
Slovenia (1998-2002).

Below is the Decision Tree generated for the 4-cluster’ solution.

2 22% 2
3 733% 6B
1 8.3% B
4 156% 14
Tatal 100.0% 30

Annual telecom investmenlt[Current US $ per person)

2
3
1
4
:

Total telecom servicesIrevernue[current us ¢)

1 1
(¢ $1.892.068.012.128 >=$1.892.068.01212]

I I
2 28% 2 2 00% 0
3 93.0% 6B 3 0.0% B
1 1.4% 1 1 00% D
4 28% 2 4 1000% 12
Total 100.02 71 Total 100.0% 12

Corresponding decision rules are provided below.
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IF $98 <= Annual telecom investment(Current US $ per
person)

THEN

NODE 3

N : 7

2 ;0 0.0%

3 : 0.0%

1 : 100.0%

4 0.0%
IF Total telecom services revenue(current US §) < $1,892,068,012
AND Annual telecom investment(Current US $ per person) < $98
THEN

NODE 4

N 71

2 2.8%

3 93.0%

1 1.4%

4 2.8%
IF $1,892,068,012 <= Total telecom services revenue(current US $)
AND Annual telecom investment(Current US $ per person) < $98
THEN

NODE : 5

N 12

2 0.0%

3 0.0%

1 : 0.0%

L4 100.0%

Second 5-vear data set (1998 — 2002) , 3 clusters

Below is the table of distances between the clusters.

CLUSTER Cluster 1 § : Cluster 2 1 _Cluster 3

i 0 339216343.56 ; 2657856689,
e .. 33%216343.56 } o . 2996061545.
3 . ... 26578566897 ey 29960615453

In partitioning of the data set Total telecom services revenue per telecom worker was

considered to be the most important variable (see table below).
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sasiwansnt |
nterval num

0
TOTAL _TELECOM_SERV ICES_REVENUE_0 0 | interval num
_TOTAL_TELECOM_SERVICES_REVENUE_1 0  interval num
ANNUAL_TELECOM_ INVESTMENT_CURREN 0 . interval num  fAinnual telecom investment(current US $)
ANNUAL _TELECOM_ INVESTMENT_CURREO 0 interval num  finnual telecom investment(Current US $ per person)
ANNUAL _TELECOM_ INVESTMENT___ OF _ 0 : interval num Annual telecom investment( % of GDP)
ANNUAL _TELECOM_INVESTMENT_CURRE1 0.449942882 @ interval num Annual telecom investment(Current US $ per worker)
ANNUAL _TELECOM_INVESTMENT_CURRE2 0 interval _num  Annual telecom investment(Current US $ per telecom w
TOTAL_TELECOM_SERVICES_REVENUE_2 1 interval num Total telecom services revenue(Current US $ per tel(
PRODUCT IVITY_RATIO_PER_TELECOM_W 0 interval num  Productivity ratio per telecom worker (revenue/inves
FULL_TIME_TELECOMMUN ICAT ION_STAF 0 i interval num Full=-time telecommunication staff(X of total labor f(

Upon the examination, we found that cluster 2 consists of only 2 data points, which is

quite unusual, for it represents less than 2.5% of the data points in the set.

HUsTER Frequency Neaes
2 2 ) 1.1577678035 ) 27152081759 1 6.2477868882 71093981766
3 22 0.9761501806 4.6588911923: 1 5.0820437309 2967068247.4:°

According to the generated report Cluster 2 contains 2 data point corresponding to
Albania (1998-9), while Cluster 3 contains Czech Republic ( 1998-2002), Estonia (2001-
2), Hungary (1998-2002), Poland (1998-2002), Slovenia (1998-2002).

Decision tree for 3-cluster solution is provided below.

2 22x 2
1 733% 66
3 244z 2

Total 100:0% 90

Total telecom services revenue[l“.l.unent US § per telecom worker)

$69.079.64) 3= $69.079.84
D s 2 00%0
1 %9z 1 154% &
3 00%Z 0 3 B4E%X 22
Total 100.0% 64 Total 100.0% 26

Annual telecom investment{Current US $ per worker)

< $68.411 >=9$68.411

|
2 00%0
1 00%0
3 1000% 21
Total 100.0% 21

I
2 00% 0
1 800% 4
3 200% 1
Total 100.0% 5

Below is the set of the decision rules corresponding to DT for this solution.
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IF Total telecom services revenue(Current US $ per telecom worker)
< $69,080

THEN
NODE : 2
N 64
2 : 3.1%
1 : 96.9%
3 0.0%
[F Annual telecom investment(Current US $ per worker) < $68
AND $69,080 <= Total telecom services revenue(Current US §$ per
telecom worker)
THEN
NODE : 6
N : 5
2 o 0.0%
1 . 80.0%
3 . 20.0%
[F $68 <= Annual telecom investment(Current US $ per
worker)-
AND $69,080 <= Total telecom services revenue(Current US § per
telecom worker)
THEN
NODE : 7
N 21
2 o 0.0%
1 : 0.0%
3 : 100.0%

Second 5-vear data set (1998 — 2002), 2 Clusters

Table of distances for 2-cluster solution is shown below.

... CLUSTER ! i Cluster 1 =~ i Cluster 2
IR S . S . L . - 1568266276
2 o 1568266276 .7 v

Annual telecom investment per capita becomes the most important in partitioning of the

data.
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]
0  interval Total telecom services revenue(Current US $ per pe;' ™
0 ' interval num Total telecom services _r_e_venue(Current US $ per worke

ANNUAL _TELECOM_INVESTMENT_CURREN 0 : interval num Annual telecom investment(current US $)
ANNUAL_TELECOM_ INVESTMENT_CURREO 1! interval num Annual telecom investment(Current US $ per person)
ANNUAL_TELECOM_INVESTMENT____ OF _ 0 interval num Annual telecom investment( % of GDP)
ANNUAL _TELECOM_ INVESTMENT _CURRE 1 0 : interval num : Annual telecom investment(Current US $ per worker)
ANNUAL _TELECOM_ INVESTMENT_CURRE2 0 interval num Annual telecom investment(Current US $ per telecom woi
TOTAL_TELECOM_SERVICES_REVENUE_2 0 interval num Total telecom services revenue(Current US $ per teles
PRODUCTIVITY_RATIO_PER_TELECOM_W .0 interval nun ‘ Productivity ratio per telecom worker (revenue/ invest
FULL_T IME_TELECOMMUN ICAT ION_STAF 0 interval num Full-time telecommunication staff(X of total labor fo

And, we could see, that clusters become almost equal in size.

1 2 " 10109905398 65880503159 2 318348341767 18222782111
2 ; 1 06040141432 81872284584 1 38348341767 , 70963158 ™

According to the results obtained from the report, Cluster 1 consists of the data points
which represent Czech Republic(1998-2002), Estonia (1998-2002), Hungary (1998-
2002), Latvia (1998-2002), Poland (1998-2002) , Slovak Republic (1998,2000-2002)
Slovenia (1998-2002), Ukraine (2002), Romania (2000, 2602), Moldova (2002),
Lithuania (1999, 2000, 2002), Bulgaria (2002).

Decision tree is depicted below.

53.3% 48
46.7% 42
100.0% 90

Annual telecom investmer‘ult[Current US % per person)

We provide the corresponding set of decision rules as well.

IF Annual telecom investment(Current US $ per person) < $16
THEN

NODE : 2

N 47

2 . 95.7%
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1 : 43%

IF $16 <= Annual telecom investment(Current US $ per

person)

THEN
NODE : 3
N : 43
2 : 7.0%
1 : 93.0%

E—

7.1.2.3 10-year data set (1993-2002)

10-vear data set (1993-2002), 5 clusters

The “Automatic” setting has produced somewhat similar to the previous S-Year
cases results in partitioning the 10-year dataset. We could see that “Automatic”
setting generated 5 clusters, 3 of which, clusters number 1, 4, and 5, are close

together, while clusters 2 and 3 situated farther away.
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Cluster Proximities
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Dimension 1
Based on the information provided in the table below, in partitioning of the data set three
variables were considered to be the most relevant, in diminishing order of importance:

Total telecom service revenue per worker, Annual telecom investment per worker, and

Annual telecom investment (% of GDP) .

TOTAL_TELECOM_SERVICES_REVENUE_0 0 interval ) Total telecom services revenue(Current US $ per per
TOTAL_TELECOM_SERV ICES_REVENUE _1 1 | interval . Total telecon services revenue(Current US $ per wor
ANNUAL _TELECOM_ INVESTMENT_CURREN 0 . interval n Annual telecom investment(Current US $) .
ANNUAL _TELECOM_ INVESTMENT_CURREO 0 . interval Annual telecom investment(Current US $ per person)
ANNUAL _TELECOM_INVESTMENT____ OF _ ' 0.7506022753 ' interval num Annual telecom investment( X of GDP)

ANNUAL _TELECOM_ INVESTMENT_CURRE 1 0.95367343  interval num : Annual telecom investment(Current US $ per worker)
ANNUAL _TELECOM _INVESTMENT_CURRE2 0 ' interval num  Annual telecom investment(Current US $ per telecom
TOTAL_TELECOM_SERV ICES_REVENUE_2 0 ' interval num Total telecom services revenue(Current US $ per te
PRODUCTIVITY_RATIO_PER_TELECOM_W - 0.3814699143 interval num : Productivity ratio per telecom worker (revenue/inve
FULL_TIME_TELECOMMUN ICAT ION_STAF 0  interval num  Full-time telecommunication staff(% of total labor

Table describing the membership for each cluster is provided below.

1 10 06910952169 33838196355 20605729343 T 30107937957

5

1 0.9125016132 36211143581 3 43069207936 11673002177
3 2 0.9272675431 45743045211 2 43069207936 3247370982 °
4 3 079872865 3039460512 5 7.3359108746 52491522 551 *
5 1% 05521570041 35951652596 1 28685729343 - 343798794.92




Below are the Decision tree and a set of corresponding decision rules.

5 755% 136
4 1% 3
1 58%2 10
2 Biz U
3 iz a
Tata 100.0% 183

Anrual telecom inveslmer:\[Curenl US $ per worker)

5
4
b
2
3

L3 P S (]

2
Total 100.0% 170 ol 100.0% 10

Annual telecom in\a'esrmen{[ % of GDP)
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5 Q0% 0
4 BO% O
1 o1000% 8
2 0% 0
3% : 3 63% 0
Total 100.0% 162 Tolal 1000% &
Total telecom services lever:ue[Cuuen\ US $ per worker)
5 956% 130 § 281% B
4 2% 3 4 00% O
T 1l 2 1 0% 0
2 00% ¢ 2 38% )
3 0 3 731% 19
Totad 100.0% 136 Total 100.0% 26
Productivity 1abio per telecom worker (fevenue/invesiment] Annual telecom investmeni(Curtent US $ per worker}
5 S77%128 5 400% 2 5 B33% 5 5 50% 1
4 00% 8 4 800% 3 4 08x 0 4 00% 0
1 18% 2 1 0% 0 1 0% 0 1 00% ¢
2 G0z @ 2 00% C 2 Gox 0 2 50% 1
3 08% 1 3 0fx 0 3 187% 1 3 Wo% 18
Totaf 100.0% 131 Tolal1000% & Totad1000% & Tota10D0% 28
Set of the Decision Rules, based on the model above.
IF $163 <= Annual telecom investment(Current US $ per
worker)
THEN
NODE 3
N 10
5 0.0%
4 0.0%
1 0.0%
2 100.0%
B 0.0%
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IF 0.0164020629 <= Annual telecom investment( % of GDP)

AND Annual telecom investment(Current US $ per worker) < $163
THEN

NODE : 5

N 8

5 0.0%

4 : 0.0%

1 : 100.0%

2 0.0%

3 0.0%
IF Productivity ratio per telecom worker (revenue/investment) < 38.5

AND Total telecom services revenue(Current US $ per worker)
< $265
AND Annual telecom investment( % of GDP) < 0.0164020629

AND Annual telecom investment(Current US $ per worker) < $163
THEN

NODE : 8

N = 131

5 : 97.7%

4 : 0.0%

1 : 1.5%

2 0.0%

3 0.8%
IF 38.5 <= Productivity ratio per telecom worker (revenue/investment)

AND Total telecom services revenue(Current US § per worker)
< $265
AND Annual telecom investment( % of GDP) < 0.0164020629

AND Annual telecom investment(Current US $ per worker) < $163
THEN

NODE : 9

N : 5

5 : 40.0%

4 : 60.0%

1 : 0.0%

2 0.0%

3 0.0%
IF Annual telecom investment(Current US $ per worker) < $68
AND $265 <= Total telecom services revenue(Current US $ per

worker)

AND Annual telecom investment( % of GDP) < 0.0164020629
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THEN
NODE : 10
N : 6
5 83.3%
4 0.0%
1 : 0.0%
2 0.0%
3 16.7%
IF $68 <= Annual telecom investment(Current US § per
worker) < $163
AND $265 <= Total telecom services revenue(Current US $ per
worker)
AND Annual telecom investment( % of GDP) < 0.0164020629
THEN
NODE : 11
N 20
5 o 5.0%
4 o 0.0%
1 : 0.0%
2 o 5.0%
3 : 90.0%

Next, we perform the cluster analysis on the set of 5-year data using preset number of

clusters, 4.

10-yvear data set (1993-200)2, 4 clusters

Somewhat similar result was obtained through 4-cluster solution, Clusters 1 and 4 are

close together (accounting for 138 data points out of 180) with the clusters 3 and 2 being

fairly removed.
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Total telecom service revenue per

variable in partitioning of the data.

Dimension 1

worker was considered to be the most important

TOTAL_TELECOM_SERVICES_REVENUE_C 0 : interval i num Total telecom services revenue(Current US $)
TOTAL_TELECOM_SERV ICES_REVENUE_O 0 interval num Total telecom services revenue(Current US $ per per
TOTAL_TELECOM_SERV ICES_REVENUE_1 1 interval num Total telecom services revenue(Current US $ per wor
ANNUAL _TELECOM_INVESTMENT_CURREN - 0.2894552211 : interval num Annual telecom investment(Current US $)

ANNUAL _TELECOM_ INVESTMENT_CURREO 0 | interval num Annual telecom investment(Current US $ per person)
ANNUAL _TELECOM_ INVESTMENT_____ OF _ 0 | interval num Annual telecom investment( % of GDP) .
ANNUAL _TELECOM_INVESTMENT_CURRE1 = 0.6168238947 : interval nun - Annual telecom investment(Current US $ per worker)
_ANNUAL _TELECOM_|INVESTHMENT_CURRE2 0 interval num - Annual telecom investment(Current US $ per teleconm
TOTAL_TELECOM_SERV ICES_REVENUE_2 0 : interval num Total telecom services revenue(Current US $ per te
_PRODUCTIVITY RATIO_PER_TELECOM W . 0.2844069536  interval num Productivity ratio per telecom worker (revenue/inve
FULL _TIME_TELECOMMUN ICAT ION_STAF 0  interval num Full-time telecommunication staff(X of total labor

Each cluster membership is provided in the table below.

o Clustar Seedd| Heoars Ll = et Ul
1 135 0549179016 5.6872961963 3 4510702041 308195775.29
2 10 08792442624 35227988604 3 45254221857 1251400954 6
3 2 09412023193 5 5697550356 1 4510702041 2294834772.9
4 3 079872865 3039460512 1 7.3562791919 52431522551
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The size of the cluster 4, which is 3 data points, suggests that we should probably go
ahead and minimize the number of clusters further. As for the cluster 2, it consists of
Slovenia (1998-2001) and Czech Republic (1996-1998, 2000-2001)

Decision tree for the 4-cluster solution is provided below.

1 TEEX 135
§ 1% 3
3 178% B
2 5E% 10
Total 160.8% 180

Anerad] telepmn irﬁmtmm}é[@unm U3 $ per wadker]

>=$163 1R

{$16318
1 784% 1% 1 Aty o
4 18% 3 § 00% 0
5 188% 32 3 00% O
2 Doz 0 2 HB0% 1D
Total 1000% 170 Tol 1008 10

Total belecsm services mve;?.xaltmm US % gar worker)

1 i GE%x 2
4 4 0ox 0
3 3 5% 29
2 Z pok o
T Tolal 100.0% 3

Praduciivily ralia pes telesom Ii»emker frevenus/nvestment)

X
i< 38.5§
1 SF7ER 13 1
4 00% 0 £
3 23 3 3
2 0oz D 2 g
Total 100.0% 134 Towl1000% 5

Arerasl belecom bwestnertCunent 1S 3)

¢ $664.876.322.78) [4= $54 574 322 781

100.0% 128 1 408y 2

1

4 08 0 4 nax 0
3 aox D I - 1
F 0ox @ Z 0ox 0
Tobal 3H10% 1232 ToloMRIX &

And so the corresponding set of the decision rules, based on the Decision Tree above.

IF $163 <= Annual telecom investment(Current US § per
worker)
THEN
NODE 3

N : 10
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1 0.0%
4 0.0%
3 : 0.0%
2 : 100.0%
IF $221 <= Total telecom services revenue(Current US $ per
worker)
AND Annual telecom investment(Current US $ per worker) < $163
THEN
NODE : 5§
N ;31
1 : 6.5%
4  : 0.0%
3 1 93.5%
2 0.0%
IF  385<= Productivity ratio per telecom worker (revenue/investment)

AND Total telecom services revenue(Current US $ per worker)
< $221

AND Annual telecom investment(Current US $ per worker) < $163
THEN

NODE : 7

N : 5

| 40.0%

4 60.0%

3 0.0%

2 0.0%

IF Annual telecom investment(Current US §) < $664,974,323
AND Productivity ratio per telecom worker (revenue/investment) < 38.5

AND Total telecom services revenue(Current US $ per worker)
< $221

AND Annual telecom investment(Current US $ per worker) < $163
THEN
NODE : 8
N 129
1 : 100.0%
4 0.0%
3 : 0.0%
2 0.0%
IF $664,974,323 <= Annual telecom investment(Current US §)
AND Productivity ratio per telecom worker (revenue/investment) < 38.5

AND Total telecom services revenue(Current US $ per worker)
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< $221

AND Annual telecom investment(Current US $ per worker) < ‘ $163
THEN

NODE : 9

N 5
1 40.0%

4 0.0%

3 60.0%

2 0.0%

1 0-vear data set(1993-2002), 3 clusters

We cannot get a visual representation of the clusters; thus, we provide the table below,

which provides the distances between the clusters.

ELUSTER 4 i Cluster s Cluster 2 i . Eluster 3
T, B o ) 2536016348, n i 335212194
e 7 asssoteaess I © 7 22026195
.3 5 3g5212194.34 .22.029‘9.5?.3.

As in the previous solution, Total telecom services revenue per worker is considered to

be the most important variable to distinguish the subsets of the data.

LA L ¥mpoi-tance | Measureasnt | Type | 7 i ; “Label
TOTﬁL TELEEUM _SERVICES_REVENUE_C 0 interval  : num Tutal telecon servuces revenue(Current us $)
TOTAL_ TELECOM _SERVICES HEUENUE [ 0 interval i num | Tota) telecom services revenue(Current US $ per per
TOTAL _TELECOM_SERVICES_REVENUE_1 1 interval num Total telecom services revenue(Current US $ per wor
ANNUAL__TELECOM_INVESTHENT_CURREN 0 ' interval ‘num  Annual telecom investment(Current US §)
ANNUAL _TELECOM_INVESTMENT_CURREO 0 interval i num_ Annual telecom investment(Current US $ per person)
_ANNUAL_TELECOM_ INUESYMENT L DF_ OIFID;erva)”_m"lnun “Annual telecqm_)nvestment( % of GDP)
ANNUAL TELECBH INUESTHENT CUHREI 0.4221572041  interval _num - Annual telecom investment( Current Us $ per uorker )
ANNUAL. TELECUM INUESTHENT CUHREZ . 0 interval  : pum . Annual telecom_|nvestment(Eurrent US $ per telecom
TOTAL _TELECOM_SERV |CES_REVENUE _2 0 interval num | Total telecom services revenue(Current US $ per te
PRODULCTIVITY_RBATIO_PER_TELECOM_W 0.3102858647 . interval num Productivity ratio per telecom worker (revenue/inve
FULL_TIME_TELECOMMUN ICAT ION_STAF 0 . interval num Full-time telecommunication staff(X of total labor

Cluster 1, consisting of 3 data points, suggests that we could probably benefit from even

further reduction of the number of clusters.

1 3 073872865 T 303360512 3 7 0228012 52431522 551
2 0 11012423434 6.0230364668 3 56707912186 2477730973.4
. WL Deesansmer L.oo8nzEwsz 2 Seroraizes . . 3620627387

[t turns out to be that the Cluster 1 is represented by Albania (1996, 1997, 1999).
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Decision tree, as well as a set of corresponding rules, is provided below.

3 966% 141 3 176% B
1 21z 3 1 00% 0
2 14% 2 2 B24% 28
Total 100.0% 146 Total 100.0% 34

Productivity ratio per telecom worker [revenue/investment]  Annual telecom investment[Current US $ per worker)

3 986%138 3 400% 2 J 83 5 3 3Bz |
1 6o 8. 1 EBGE 3 1 Bz B 1 (0 0
2 142 2 2 pbz 0 2 167% 1 2 964 27
Total 100.0% 141 Total 100.0% 5 Total 100.0% & Total100.0% 28
[F Productivity ratio per telecom worker (revenue/investment) < 38.5
AND Total telecom services revenue(Current US $ per worker)
< $265
THEN
NODE : 4
N o141
3 98.6%
1 : 0.0%
2 1.4%
IF 38.5 <= Productivity ratio per telecom worker (revenue/investment)
AND Total telecom services revenue(Current US $ per worker)
< $265
THEN
NODE : 5§
N : 5

3 : 40.0%
1 : 60.0%
2 0.0%
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IF Annual telecom investment(Current US § per worker) < $68
AND $265 <= Total telecom services revenue(Current US § per
worker)
THEN
NODE : 6
N : 6
3 : 83.3%
1 o 0.0%
2 16.7%

IF $68 <= Annual telecom investment(Current US § per
worker)
AND $265 <= Total telecom services revenue(Current US § per
worker)
THEN
NODE : 7
N : 28
3 o 3.6%
1 0 0.0%
2 96.4%

10-vear data set(1993-2002), 2 clusters

The last solution for the 10-year data set consists of 2 clusters, distance between which is

given in the table below.

ousmER : . Cluster | : P _Cluster 2
o . o 1232316621
L2 o 1232316620.3

Partitioning of the data set is made based on the Annual telecom investment per telecom

worker(see table below).

S Name || 77 1importance | Measurement | Type i " Labe¥
TOTAL _TELECOM_SERVICES_REVENUE_C 0 : interval nun ~ Total telecom services revenue(Current US $)
TOYAL_TELECOM_SERVICES_REVENUE_0 0 interval ~ num . Total telecom services revenue(Current US 3 per perso
TOTAL_TELECDOM _SERVICES_REVENUE 1 .0 interval num  Total telecom services revenue(Current US 8 per warke
ANNUAL_TELECOM_INVESTHENT_CURREN o linterval  nun | Annual telecom investment(Current US 8) T
ANNUAL _TELECOM_ INVESTHMENT_CURREOQ 0 ' interval nun : Annual telecom investment(Current US $ per person)
ANNUAL _TELECOM_ INVESTMENT___ OF _ 0 Interval numn : Ainnual telecom investment( % of GDP)
ANNUAL _TELECOM_ INVESTMENT_CURRE 1 0 . interval nun  Annual telecom investment(Current US § per worker)
ANNUAL _TELECOM_INVESTMENT_CURRE2 1 interval num Annual telecom investment(Current US $ per telecom wo
_TOTAL _TELECOM_SERVICES_REVENUE_2 0 interval nun . Total telecom services revenue(Current US 8 per tele
PRODUCTIVITY_RATIO_PER_TELECOM_W 0 : interval .. num  Productivity ratio per telecom worker (revenue(in\{est
JFULL_TIME_TELECOMMUN ICATION_STAF ...°..__i,"t=r?’“| .. nun_ Full-time telecommunication staff(Z of total labor fo
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Cluster’s membership is shown in the table below.

1 72 . 1.046794019 8.0433260935 2 40488755304 ) 1410038116.9
2 108 0.5865984355 9.8373259377 1 4.0488755304 242498308.25

According to the generated report, contents of the cluster 1 are as follows(72 data
points):Czech republic (1993-2002), Estonia (1994-2002), Hungary (1993-2002),
Bulgaria (2002), Latvia (1994, 1995, 1997-2002), Lithuania (1999-2002), Slovenia
(1993-2002), Poland (1993-2002), Slovak Republic (1995-8, 2000-2).

Decision tree, as well as set of decision rules, is provided below.

60.0% 108
40.0% 72
100.0% 180

Annual telecom investment[Culrrent S $ per telecom worker]

A
>= $9,609.75

< 33,

96.4% 106 29% 2
36% 4 @ 97.1% 6B
100.0% 110 100.0% 70

IF Annual telecom investment(Current US $ per telecom worker)

< $9,610

THEN

NODE : 2

N 110

2 96.4%

1 : 3.6%
IF $9,610 <= Annual telecom investment(Current US $ per

telecom worker)

THEN

NODE : 3

N = 70

2 : 2.9%

1 1 97.1%




7.1.3 Clustering: Summary of the Analysis

Table 1 Clustering: Contents of the 2 clusters
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Data Set Contents of the first | Contents of the second
cluster cluster

First _5-vear data _set | Albania (1993-1997) Czech Rep(1994-1997)

(1993 — 1997), 2| Armenia(1993-1997) Estonia (1996-1997)

Clusters Azerbaijan(1993-1997) Hungary (1993-1997)

Belarus(1993-1997)
Bulgaria(1993-1997)
Czech Republic (1993)
Estonia (1993-1995)
Kazakhstan(1993-1997)
Kyrgyz Rep (1993-1997)
Lithuania(1993-1997)
Latvia (1996)
Moldova(1993-1997)
Romania(1993-1997)
Slovak Rep(1993-1995)
Ukraine(1993-1997)
Poland (1993-1994)

Latvia (1994-5, 1997)
Poland (1995-1997)
Slovak Rep (1996-1997)
Slovenia (1993-1997).

Second 5-vear data set
(1998 —  2002), 2

Clusters

Albania (1998-2002)
Armenia(1998-2002)
Azerbaijan(1998-2002)
Belarus(1998-2002)
Bulgaria(1998-2001)
Slovak Rep(1999)
Kazakhstan(1998-2002)

Czech Rep (1998-2002)
Estonia (1998-2002)
Hungary (1998-2002)
Latvia (1998-2002)
Poland (1998-2002)
Slovak Rep(1998,2000-
2002)
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Kyrgyz Rep (1998-2002) | Slovenia (1998-2002)

Lithuania(1998, 2001) Ukraine (2002)
Moldova(1998, 1999,2001) | Romania (2000, 2002)
Romania(1998-2002) Moldova (2002)
Ukraine (1998-2001) Lithuania(1999, 2000,2002)
Bulgaria (2002)
10-year data set(1993- | Albania (1993-2002) Czech rep (1993-2002)
2002), 2 clusters Armenia(1993-2002) Estonia (1994-2002)
Azerbaijan(1993-2002) Hungary (1993-2002)
Belarus(1993-2002) Bulgaria (2002)
Bulgaria(1993-2001) Latvia (1994, 1995, 1997-
Slovak Rep(1993, 1994, | 2002)
1999) Lithuania (1999-2002)

Kazakhstan(1993-2002) Slovenia (1993-2002)
Kyrgyz Rep (1993-2002) Poland (1993-2002)
Latvia (1993, 1996) | Slovak Rep(1995-1998,
Lithuania (1993-1998) 2000-2002)

Moldova (1993-2002)
Romania(1993-2002)
Ukraine (1993-2001)

Below is the table listing the clustering solutions that were obtained, as well as the

variables that were used for splitting of the data set into the clusters.

Table 2 Clustering: Split variables used in separating the data set into 2 clusters

Data Set . The Variables that were used for Splitting

First 5-years data set (1993- e Full-time telecom staff,
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1997), Automatic setting, 9

clusters

Annual telecom investment per worker

Annual telecom investment per telecom worker

First 5-year data set (1993-
1997), 5 clusters

Total telecom service revenue per worker

First 5-year data set (1993-
1997), 4 clusters

Total telecom service revenue per worker

First S-year data set (1993-
1997), 3 clusters

Annual telecom investment per telecom worker

First ‘S-year data set (1993-
1997), 2 clusters

Annual telecom investment per telecom worker

Second 5-year data set
(1998 — 2002), Automatic

setting,7 clusters

Full-time telecom staff,
Total telecom service revenue per telecom worker

Annual telecom investment per capita

Second S-year data set

(1998 - 2002), 5 clusters

Total telecom service revenue per worker

Annual telecom investment per worker

Second 5-year data set

(1998 —2002) , 4 Clusters

Total telecom service revenue

Annual telecom investment per capita

Second 5-year data set

(1998 —2002) , 3 clusters

Total telecom services revenue per telecom worker

Second 5-year data set

(1998 — 2002), 2 Clusters

Annual telecom 1nvestment per capita

10-year data set (1993-
2002), 5 clusters

Total telecom service revenue per worker
Annual telecom investment per worker

Annual telecom investment (% of GDP

10-year data set (1993-
200)2, 4 clusters

Total telecom service revenue per worker

Annual telecom investment per worker

10-year data  set(1993-
2002), 3 clusters

Total telecom services revenue per worker
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10-year data  set(1993- e Annual telecom investment per telecom worker
2002), 2 clusters

The most frequently used for the partitioning of the data variables are summarized in the
table below. For each of those variables we have as well calculated the number of times

that each variable was used.

Table 3 Clustéring: Frequency of use of the split variables

Variable used for splitting of the Data Frequency of use
Total telecom service revenue per worker 6
Annual telecom investment per worker 4
Annual telecom investment per telecom worker 4
Annual telecom investment per capita 3
Total telecom service revenue per telecom worker 2

7.1.4 Clustering: conclusion and the analysis of the results

By using cluster analysis, we were able to come up with a solution that partitions
both available to us data sets into two clusters. For both data sets, one of the clusters
contained the data points completely representing Poland, Czech Republic, Hungary and
Slovenia for 5- and 10-year periods. Thus, these results suggest that we are able to reject

HO1. Moreover, as it is illustrated by the examples of Slovenia and Estonia, transitional
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economies are not static in their regards to the relative position to the other countries of

the sample. Therefore, these results suggest that we are able to reject HO2 as well.

Finally, we should ask ourselves the following question: What is the significance of the
separation of 18 transitional economies into the two clusters? One of the possible answers
is provided in the research by Piatkowski (2003b), who concluded that in the period
“between 1995 and 2000 ICT capital has most potently contributed to output growth in
the Czech Republic, Hungary, Poland, and Slovenia.” Thus, it could be suggested that we
were able to separate 18 transitional economies into the two groups, one group of
transitional leconomies that benefits the most from the investments in telecom, and

another group where the benefits are less pronounced.

7.2 Decision Trees: Characteristics of the “Leaders”

In this part of our analysis, we aim to identify the characteristics of those TEs,
which are able to benefit the most from the investments in ICT. ” We use Decision Trees

as a tool to determine the characteristics of the “leaders” and proceeded as follows.
7.2.1 DT: Data

First, we identified the subset of all available to us data with the purpose of
balancing out two goals. First, the subset must be large enough to be representative of 18

countries that we use in our analysis. Second, it must contain as much variables as
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possible. We ended up using only 14 countries out of our sample of 18 because the

‘richest’ subset of 5-year data from 1998 to 2002 was available only for these 14

countries. In our analysis we were able to use 34 variables, which are listed below.

Variables used in the Analysis, 5-year data set, 14Transitional Economies:

1.

10.

11.

12.

13.

14.

15

Exports of Computer, communications and other services (% of commercial
service exports)

High-technology exports (% of manufactured exports)

Imports of Computer, communications and other services (% of commercial
service imports)

Military expenditure (% of GDP)

Military personnel (% of total labor force)

Fixed line and mobile phone subscribers (per 1,000 people)

International telecom, outgoing traffic (minutes per subscriber)

Internet users (per 1,000 people)

Mobile phones (per 1,000 people)

Telephone mainlines (per 1,000 people)

Telephone mainlines per employee

Health expenditure per capita (current USS$)

Health expenditure, private (% of GDP)

Health expenditure, public (% of GDP)

. Health expenditure, total (% of GDP)
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16. Immunization, DPT (% of children ages 12-23 months)
17. Immunization, measles (% of children ages 12-23 months)
18. Pupil-teacher ratio, primary
19. School enrollment, secondary (% gross)
20. School enrollment, tertiary (% gross)
21. Research and development expenditure (% of GDP)
22. Researchers in R&D (% of total labor force)
23. Technicians in R&D (% of total labor force)
24. Roads, paved (% of total roads)
25. Roads, total network (km)
26. Full-time telecommunication staff(% of total labor force)
27. Annual telecom investment(% of GDP in current US §)
28. Urban population (% of total)
29. Urban population growth (annual %)
30. Population growth (annual %)
31. Foreign direct investment, net inflows (% of GDP)
32. GDP growth (annual %)
33. GDP per capita (constant 2000 USS$)
34. GDP per capita growth (annual %)
As for the 10-year set of data, we ended up using 16 countries: Albania, Armenia,

Azerbaijan, Belarus, Bulgaria, Estonia, Hungary, Kazakhstan, Kyrgyz Republic, Latvia,



161

Lithuania, Moldova, Poland, Romania, Slovenia, and Ukraine. We were able to put
together set of 12 variables, which are listed below.
Variables used in the Analysis, 10-year data set, 16 Transitional Economies:

1. Fixed line and mobile phone subscribers (per 1,000 people)

2. International telecom, outgoirig traffic (minufes per subscriber)

3. Military expenditure (% of GDP)

4. Military personnel (% of total labor force)

5. Mobile phones (per 1,000 people)

6. Physicians (per 1,000 people)

7. Telephone mainlines (per 1,000 people)

8. Telephone mainlines per employee

9. International tourism, expenditures‘ (current USS)

10. GDP growth (annual %)

11. GDP per capita (constant 2000 USS$)

12. Annual telecom investment(% of GDP in Current US $)

7.2.2 DT: Description of the Method

Second, we created a binary dummy variable, which was set as a “target” of the
DT analysis. In our 5-year data set, we assigned the values of ‘1’ of the target variable to
the following countries: Czech Republic, Hungary, Latvia, Poland, Slovak Republic, and

Slovenia. The values of ‘0’ were assigned to Ukraine, Romania, Lithuania, Kyrgyz
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Republic, Bulgaria, Belarus, Armenia, and Azerbaijan. As for the 10-year data set, we
have assigned values of ‘1’ to Estonia (1994-2002), Hungary (1993-2002), Latvia (1994,
1995, 1997-2002), Lithuania (1999-2002), Slovenia (1993-2002), and Poland (1993-
2002).

Finally, we run DT analysis to generate a model. Once the model was generated,
we proceeded to identify the variable that was used for the first split and set its status to
“don’t use” in the Decision Tree node. Then the process was repeated.

In our evaluation of the resulting models, we were looking for those variables,
splits along which resulted in the cleanest possible separation of the data set according to
the value of the target variable. Moreover, we have calculated the average value of the
split variable; as well as the (approximate) percentile within which value of the split falls.

Next, we provide the results of our analysis in the form of the resulting for each
model DT, accompanied by the relevant information about the split variables. First, we
introduce the results of the analysis of the S-year data set, followed by the 10-year data

set.
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7.2.3 DT: Results of the Analysis

S-year data set, 14 TEs

Step 1: Complete data set.

0 - KR
1 . 42 .97
Total 100.0%

>= 3508 6745

3.6%
- 96.4%
tal 100.0%

1
§TD

=1 2539635

0 100.0%
1 0.0%
Total 100.0%

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

GDP per capita, Average: $2920.674
GDP per capita, 6V0m percentile: $3502.359
Military expenditure, Average: 1.980002%
Military expenditure, Bottom 10%: 1.260230%
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According to this model over 90% of the “leaders” have GDP per capita above 60™

percentile, which implies that “leaders” are wealthier, in general, group of TEs than

“majority.”

Step 2: “GDP per capita” variable removed from the data set

L 57.1% 40
1 42.9% 30

Total 100.0X% 70

{Health expenditure per capita [current US$] |
1

\, d 'w:,u..m':--ii-.ﬁ‘.}.-f‘,?i.“‘.a 0 : ow\?;m&‘;‘y.xwgg f
1 0.0% 0
Total 100.0% 35

-wo--.‘:ﬁéo}‘-’:&-\‘l‘é?.:;.'; e !
1 85.7% 30
Jotal 100.0% 35

International telecom, outgaing traffic [minutes per sub.’scriberll

1< 52.40072 >=52.40072]

¥ 0.02 of
' 0.0%x 3l .T

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Health expenditure per capita, Average: $208.2857
Health expenditure per capita, 50" percentile: 151
International telecom, outgoing traffic, Average: 114.1463
International telecom, outgoing traffic, 35" percentile: 51.5195
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This model shows that “leaders” have higher level of health expenditure than the most of
the “majority.” But even in the cases where the “majority” and the “leaders” have the
same level of health expenditure per capita, “majority” has a lower level of international

telecom traffic (i.e., “majority” places lower number of the international phone calls).

Step 3: “Health expenditure per capita” variable removed from the data set

 Total IOG 0Z 32

‘Mubile phones (per 1,000 people) }
|

I —...
4B0EN 5= 48,2503

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

International telecom, outgoing traffic, Average: 114.1463
International telecom, outgoing traffic, 55 percentile: | 68.27844
Mobile phones, Average: 183.2279
Mobile phones,30™ percentile: 43.64353
Mobile phones,35™ percentile: 50.36778
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Pupil-teacher ratio, Average: 16.7074

Pupil-teacher ratio, Top 30%: 15.50373

According to this model 90% of the “leaders” have a higher level of international telecom
traffic and have higher number of mobile phones, while most of the “majority” have

higher pupil-teacher ratio.

Step 4: “International telecom, outgoing traffic” variable removed from the data set

1 42.9%7 30
Total 100.0% 70

{Telephone mainlines (per 1,000 peoplel |
I

g 57.1% 40|

< 221.8356 ]
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1 0.0% 1 ?5 0% 30
“Total 100.0% 3 “Total 100.0% 40

‘Researchers in AD (% of total labor force||

1
o I SRR E—
< EI 341 0843532 >= 03410843632
1 1 00 0% 24 1 ar. 52
Total 100.0%2 24 _Total 100.0% 16

e o
51021

1 0.02 0f 1 100.0Z2 &

; --awsw::'m-‘-".-'--3‘;1‘:?6‘3=.-é'“3§w\ xwlwa‘ :» :»om T :xnojo’“z I?Z.’ e ‘B:i
Total 100.0% 10! Total 100.0% 6
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Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Telephone mainlines, Average 243.0411
Telephone mainlines, 40™ percentile 209.8646
Telephone mainlines, 45" percentile 248.6087
Researchers in R&D, average 0.293753721%
Researchers in R&D,70"™ percentile 0.339521721%
Health expenditure, public, Average 3.96483%
Health expenditure, public, 75" percentile | 5.1069%

Based on this model “majority” has a less number of telephone mainlines than

“majority,” while most of the “majority” has less percentage of the researchers among

their labor force involved. This is surprising, for we would have expected to see more

“leaders” than the “majority” in the top 30% of the percentage of the researchers in R&D

among the labor force.
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Step 5: “Telephone mainlines” variable removed from the data set

o 57.12 40
1 42.94 30
Total 100.0% 70

fHealth expenditure, public (% of GDP1]

|
1 20.0% 10 1 100.0% |
_Total 100.0% 50 _Total 100.0% 2¢

‘Pupik-teacher ratio_ primary |
1

>=15.46935

11 90.9%2 10 0.0% 0
11

Total 100.0% ' Total 100.0% 39

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Health expenditure, public, Average 3.96483%
Health expenditure, public, .75"‘ percentile | 5.1069%
Pupil-teacher ratio, Average: 16.7074
Pupil-teacher ratio, Top 30%: 15.50373

This model tells us that the most of the “leaders” spend more money than the “majority”

on Health care, while having more teachers per pupil in primary education.
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Step 6: “Health expenditure, public” variable removed from the data set

0 57.1X% 40

1 42.9% 30
Total 100.0% 70

Military personnel [% of total labor force]
|

1
>=1.6576065

11

26.8%
73.22 30

0.0%
Total 100.0%

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Military personnel, Average 1.655823%
Military personnel,, 60" percentile 1.665328%
Internet users, Average: 64.93297
Internet users, 35™ percentile 22.92829

According to this model most of the “majority” have larger percentage of their labor
force being military personnel, while the “leaders” have higher percentage of the internet

users among the population.
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Step 6: “Military personnel” variable removed from the data set

: T w§‘1§-m.\§?\:o, e
o 42,
Total 100.

1< 15.180725
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ime—

1 100.0%
 Total 100.0%
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1 2.4% 1
- Total 100.0% 41

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Pupil-teacher ratio, Average 16.7074
Pupil-teacher ratio, Top 30% 15.50373
Roads paved, Average 95.17429%
Roads paved, 79" percentile 98.38100%

This model shows us that in general the “leaders” have more teachers per pupil in
the system of primary education, and in those cases where ‘majority” and the “leaders”
are comparable in this area, “majority” has a lower percentage of the paved roads than

“leaders” do.
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Step 6: “Pupil-teacher ratio, primary” variable removed from the data set

0
1

57.1Z%Z 40
42 .97 30

Total 100.0% 70

6.3%
Total 100.0%

l|nternet users !ger 1,000 Eeogle!l
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0.0%
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P

1 10.0%

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Internet users, Average 64.93297
Internet users, 35" percentile 22.92829
Internet users, 45™m percentile 36.95068

GDP per capita growth, Average 4.678119%
GDP per capita growth, 50" percentile 4.586358%
Annual telecom investment, Average 0.780932959%
Annual telecom investment, 65" percentile | 0.887426121%

Based on this model we could see that three forth of the countries in the

“majority” group have lower percentage on Internet users. We could also see that in those
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cases where the percentage of Internet users is compatible between the two groups,

“leaders” have lower level of GDP per capita growth (possible indication of the wealthier

economies), while spending more on telecoms.

Step 7: “Internet users per 1000 people” variable removed from the data set

¢ 57.1X 40
1 42.9%7 30
Total 100.0% 7O

| Telephone mainlines per employee |
1
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1 83.3% .
: Total 100.0%

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Telephone mainlines per employee, Average 142.5712

Telephone mainlines per employee, 37" percentile 103.412
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Imports of Computer, comm. and other services, Average

37.65674%

Imports of Computer, comm. and other services, 31% percentile

29.57723%

Imports of Computer, comm. and other services, 32" percentile

31.60094%

By looking at this model, we could determine that only 35% of the “majority” has

the comparable to “leaders” infrastructure of the Telephone mainlines per employee.

Moreover, even for those TEs with the comparable infrastructure, “leaders” import more

ICT-related services than the “majority.”

Step 8:“Telephone mainlines per emplovee” variable removed from the data set

0  57.1% 4
1 42 .9% 30
Total 100.0% 70

|Militarg exeenditure !“/; of GDP I

< 4823539

0 100.0%
1 0.0%
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>=1.9994415)]
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Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Military expenditure, Average 1.980002%
Military expenditure, 64" percentile 1.985057%
Military expenditure, 65™ percentile 1.993955%
Mobile phones, Average 183.2279

Mobile phones, 34" percentile | 48.86391

Imports of Computer, comm. and other services, Average 37.65674%
Imports of Computer, comm. and other services, 31° percentile 29.57723%
Imports of Computer, comm. and other services, 32m percentile 31.60094%

Sixty percent of the “majority” have spend more on Military, and where the
spending is comparable, only 12 % of the “majority” have the same number of the mobile

phones per 1000 people as the “leaders.”
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Step 9:“Military expenditure” variable removed from the data set

Total 100.0% 70

IMobile Ehones qer 1,000 Eeoele |

1 %47 4
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00.0%
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Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Mobile phones, Average 183.2279
Mobile phones, 50" percentile 92.56692
Mobile phones, 34™ percentile 48.86391
Full-time telecommunication staff, Average 0.394519203%
Full-time telecommunication staff, 15" percentile 0.303569884%
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Almost 90% of the “leaders” have larger number of mobile phones per 1000

people, and have a higher percentage of Full-time telecom staff as a percentage of the

labor force, while 60% of the “majority” located in the bottom third of the sample in

terms of the number of mobile phones per 1000 people.

Step 10:*“Mobile phones per 1000 people” variable removed from the data set

0 57.1% 40
1 42.9% 30

Total 100.0% 70
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Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Roads, paved, Average 95.17429%
Roads, paved, 79" percentile 98.381%
Roads, paved, 26" percentile 86.196%
Roads, paved, 25" percentile 80.4%
School enrollment, secondary, Average 92.40741%
School enrollment, secondary, 30" percentile 86.58104%

One half of the TEs of the “leaders” group have a higher percentage of the paved roads,
and the 40 % that have lower percentage than the “majority” exhibit higher secondary
school enrollment rate. This lower percentage of the paved roads could be indicative of

the mountainous, or tourist-destination countries.
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Step 11:“Roads, paved” variable removed from the data set
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Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Technicians in R&D, Average 0.085047059%
Technicians in R&D, 44™ percentile 0.071529012%
| Technicians in R&D, 27" percentile 0.048610444%

Urban population growth, Average -0.31052%

Urban population growth, 43" percentile -0.28804%
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Urban population growth, 42" percentile

-0.31009%

The “leaders” positioned somewhere in the

middle in terms of the number of

Technicians in R&D as the percentage of the total labor force. However, the most of the

‘leaders’ have higher growth rate of the urban population than “majority.”

Step 12:“Technicians in R&D” variable removed from the data set
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Table of the Split Variables, Average Values of the Split Variables, and

Approximate Percentile at which Split was made

R&D expenditure, Average 0.672765%
R&D expenditure, 45" percentile 0.569465%
Population Growth, Average -0.27597%
Population Growth, 53™ percentile -0.28563%
School enrollment, tertiary, Average 42.69178%
School enrollment, tertiary, 70" percentile | 47.72809%
Researchers in R&D, Average 0.293753721%
Researchers in R&D, 65" percentile 0.318635354%

On average, higher percent of the “leaders” spends more on R&D research, while having

a higher rate of population growth.

10-year data set, 16TEs

Step 1: Complete data set
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Table of the Split Variables, Average Values of the Spht Variables, and
Approximate Percentile at which Split was made

GDP per capita, Average $2,182.51
GDP per capita, 50" percentile $1404.279
GDP per capita, 68" percentile $2715.5564

The first split yields the simple characteristic that separates the “leaders” from the

“majority” in our set: “leaders” have higher GDP per capita.

Step 2:“GDP per capita” variable removed from the data set
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Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Telephone mainlines per employee, Average 97.78

Telephone mainlines per employee, 50" percentile 85.1817

Telephone mainlines per employee, 77" percentile 122.640748

International Tourism, expenditures, Average $643,200,000.00

International Tourism, expenditures, 501 percentile $311,000,000.00

International Tourism, expenditures, 30™ percentile | $121,700,000.00

International Tourism, expenditures, 31 percentile | $130,870,000.00

Annual Telecom investment, Average %0.76

Annual Telecom investment, 77" percentile %1.104108227

Based on this model we could learn that 72% of the “leaders” occupy upper
quartile in the variable “Telephone mainlines per employee,” while the entire “majority”
resides below in terms of this variable. In addition, another characteristic of any TEs
within a “majority” group is that none of them have International tourism expenditures

above 31* percentile.
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Step 3:“Telephone mainlines per employee” variable removed from the data set

0 68.17 109
1 Hax 5

Total 100.0% 160

{Fived line and mobile phone subscribers [per 1,000 people]|
m|

I -

?) = 3512568

1w
8.0

1

0
Total 100.0%

1

%0 T ew ei0 625k 1
| L i s s
Total 100,07 88 Total 10002 24

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Fixed line and mobile phone subscribers, Average 281.24

Fixed line and mobile phone subscribers, 50™ percentile | 212.8928

Fixed line and mobile phone subscribers, 75" percentile | 346.4978

International Tourism, expenditures, Average $643,200,000.00
International Tourism, expenditures, 50 percentile $311,000,000.00
International Tourism, expenditures, 30™ percentile $121,700,000.00

International Tourism, expenditures, 31% percentile $130,870,000.00
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Military expenditure, Average %1.82
Military expenditure, 50™ percentile %1.656081
Military expenditure, 67" percentile %2.090049
Telephone mainlines per 1000 people, Average 203.87

Telephone mainlines per 1000 people, 50" percentile 184.21165

Telephone mainlines per 1000 people, 62™ percentile 252.891742

Based on this model we determine that roughly 63% of the “leaders” and only 6%
of the “majority” occupy upper quartile within the values for “Fixed line and mobile
phone subscribers.” However, even where some “leaders” are comparable to “majority,”
none of the “leaders” has Military expenditures higher than 67 percentile, while 85% of
the “majority” has Military expenditures in 67 percentile.

On another hand, if “majority” and “leaders” have positioned in terms of “Fixed
line and mobile phone subscribers” at the bottom three quartiles, the spending of the
“majority” on International tourism is not above 30" percentile, while only 19% of the
“leaders” have exhibited such low level of expenditures. Moreover, even where
expenditures on tourism are comparable, 80% of the “majority” has lower number of

Telephone mainlines per 1000 people than 17% of the “leaders.”
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Step 4:“Fixed line and mobile phone subscribers” variable removed from the data set
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Table of the Split Variables, Average Values of the Split Variables, and

Approximate Percentile at which Split was made

Telephone mainlines, Average

203.87

Telephone mainlines per 1000 people, 50™ percentile

184.21165

Telephone mainlines per 1000 people, 62™ percentile

252.891742

International Tourism, expenditures, Average

$643,200,000.00

International Tourism, expenditures, 50™ percentile

$311,000,000.00
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International Tourism, expenditures, 30" percentile $121,700,000.00
International Tourism, expenditures, 31° percentile $130,870,000.00
Physicians, Average 3.06

Physicians, 60" percentile 3.2352286
Mobile phones, Average 77.95

Mobile phones, 50" percentile 7.460091
Mobile phones, 76™ percentile 80.4120116

This model is somewhat similar to the previous one. However, one of the new
insights provided by this DT is that where “leaders” are comparable to the “majority” in
terms of the telephone mainlines, 90% of the “majority” has higher number of physicians

per 1000 people than 90% of the “leaders.”
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Step 5:“Telephone mainlines” variable removed from the data set
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Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Annual Telecom investment, Average %0.76

Annual Telecom investment, 50” percentile %0.698127187
Annual Telecom investment, 43" percentile %0.594465742
Military personnel, Average %1.68

Military personnel, 50" percentile %1.35825
Military personnel, 60" percentile %1.635823
International Tourism, expenditures, Average $643,200,000.00
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International Tourism, expenditures, 50™ percentile | $311,000,000.00
International Tourism, expenditures, 30" percentile | $121,700,000.00
Intemétional Tourism, expenditures, 28" percentile $117,560,000.00

Based on this diagram we could say that 94% of the leaders have higher levels of

telecom investments, lower percentage of the labor force involved in the military, while

spending more on the international tourism.

Step 6:“Annual telecom investment” variable removed

from the data set
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Table of the Split Variables, Average Values of the Split Variables, and

Approximate Percentile at which Split was made

International Tourism, expenditures, Average $643,200,000.00
International Tourism, expenditures, 50" percentile | $311,000,000.00
International Tourism, expenditures, 30™ percentile | $121,700,000.00
International Tourism, expenditures, 31% percentile | $130,870,000.00
Mobile phones, Average 77.95

Mobile phones, 50™ percentile 7.460091
Mobile phones, 82™ percentile | 111.812452
International telecom, outgoing traffic, Average 96.32
International telecom, outgoing traffic,50™ percentile | 65.194105
International telecom, outgoing traffic,80™ percentile | 117.60494
Military personnel, Average %1.68

Military personnel, 50™ percentile %1.35825

Military personnel, 60" percentile

%1.635823

According to this model, 84% of the “majority” is similar to less than 10% of the

leaders in terms of spending on International tourism, number of mobile phones, and

outgoing traffic of international telecom. As well as no member of the “majority” have a

level of expenditures on International tourism above 31* percentile.
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Step 7:“International tounism, expenditures” variable removed from the data set

0 68.1% 10
1 31.9%2 51
Total 100.0% 16

iMiltary personnel {% of total labor force) |

|
S Y"*‘M-hl(\'-i%‘-/.:'x SO
>=1.637583
;\o xxxxxxx 4?'92 R 463 E:..\...ow«.\..\.w.\>98'4z B?]
3 E2.1Z & 8 1.6% 1
Total 100.0% 96 { Total 100.0% 64

Mobile phones (per 1,000 péo}:uié]i
I

1¢1.89359225 >=1.8933225

i:‘a‘,\ I 93- é"‘i"“\‘"‘mvﬁo gﬁawmw\' eg_o'zw«éw&é‘z:‘}a\iﬁ'\:?n'-:{«é“',‘i&;&:
B 6.9 2 iy 75.0¢ 4
' Total 100.0% 32 Total 100.0% 64

Miltary espendiure (% of GOP
|

! SRR .:l SRS
>=0.8721123

3 21.4% 31 90.07 4

§ 0 AR 78 .Bz = 1 ‘] ,mé i "-"“"":&x@ixéiizeot‘%m&wxz"ﬁg
Total 100.0% 14} Total 100.0% 50

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Military personnel, Average %1.68
Military personnel, 50" percentile %1.35825
Military personnel, 60" percentile %1.635823
Mobile phones, Average 77.95
Mobile phones, 50™ percentile 7.460091
Mobile phones, 87" percentile 180.071403
Military expenditure, Average %1.82
Military expenditure, 50 percentile %1.656081
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Military expenditure, 14™ percentile %0.880652

This model tells us that 58% of the “majority” have larger percentage of the labor
force in the military. Moreover, 94% of the “leaders” are comparable to only less than
15% of the “majority” in terms of similarly small percentage of the labor force in military

and the high number of mobile phones per 1000 people.

Step 8:“Military personnel” variable removed from the data set

%l on
Total 10007 46

'fm‘.al 100,

‘Mobile phanes [per 1,000 peogle

,Tutal 100, GZ 38 V'I'otal 100, 0

otal 100,07 28 Total 100,08 |
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Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Mobile phones, Average 77.95
Mobile phones, 50" percentile 7.460091
Mobile phones, 60" percentile 19.56579
Mobile phones, 17" percentile 0.27131788
Military expenditure, Average %1.82
Military expenditure, 50" percentile %1.656081
Military expenditure, 64" percentile %2.000479
GDP growth annual, Average %1.77
GDP growth annual, 50" percentile %3.904678
GDP growth annual, 78" percentile %6.891061

This diagram demonstrates that 23% of the “majority” represent lower 17 % of
the values for the number of the mobile phones, while only 10% of the “majority” is
comparable to 76% of the “leaders” in terms of the number of mobile phones and military

expenditure.
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Step 9:“Mobile phones” variable removed from the data set

1 58.17 108
1 9% H
Total 100.0% 160

Physicians (per 1,000 people

Houm
Total 100.0% 4

Table of the Split Variables, Average Values of the Split Variables, and
Approximate Percentile at which Split was made

Physicians, Average 3.06
Physicians, 50" percentile 3.1523
Physicians, 60" percentile 3.2352286
Physicians, 10" percentile 1.8819187
Physicians, 86" percentile 3.964626
Military expenditure, Average %1.82
Military expenditure, 50" percentile %1.656081
Military expenditure, 72.5" percentile %2.291784
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International telecom, outgoing traffic, Average 96.32
International telecom, outgoing traffic,50" percentile 65.194105
International telecom, outgoing traffic,16™ percentile 37.7779192

Based on this diagram, we could determine that 55 % of the “majority” has a
larger number of physicians than 92 % of the “leaders.” Moreover, the 50% of the
“majority” that has a comparable to the “leaders” number of physicians spends too much

on military.

7.2.4 DT: Brief summary of the analysis

We have performed the DT analysis of the two data sets, one spanning 5-year
period from 1998 to 2002, and the second one spanning 10-year period from 1993 to
2002. The goal of the analysis was identifying the characteristics of the two groups of
TEs, which we named the “leaders” and “majority.”

The results of the conducted DT analysis suggest that on average “leaders” have
higher:

e GDP per capita

e level of health expenditure than the most of the “majority”
¢ level of international telecom traffic

e number of mobile phones

e number of telephone mainlines than “majority”

¢ level of spending on Health care
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e percentage of the internet users among the population

e number of teachers per pupil in the system of primary education

e percentage of the total labor force employed as R&D technicians

e level of annual telecom investment

e level of expenditures on international tourism.
In the same time, “leaders” have lower than the “majority”:

e level of military expenditure

e percentage of the labor force serving in military.
All the compiled information allows us to conclude that the “leaders” appear to be
wealthier, in general, than the “majority,” having better infrastructure and smaller armies.
Below we provide the diagrams showing summarized information that we have obtained

from analysis of each of the DT model.
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7.3 Data Envelopment Analysis

7.3.1 DEA: Data

In this section, we describe the data that we used to perform DEA, as well as the
preliminary results that were obtained. To perform DEA we used the software application

“OnFront,” version 2.02, produced by Lund Corporation (www.emg.com). We have

decided to use two sets of data, ‘full’ set with six inputs and four outputs, and the
‘reduced’ one with four input and two output variables in estimating the efficiency of the
transitional economies. The purpose of using two sets, the full and the reduced, is
to identify the set of inputs and outputs that minimizes the differences between the
“leaders” and the “majority.” We shall run the analysis and then calculate the average
efficiency for each cluster, for every DEA model, and the differences between the
average efficiencies.

Then we shall pick the results of the full or reduced model, whichever has the
smaller differences between the “majority” and the “leaders,” and use the chosen results
in further analysis. In this case, we shall bias the results of the study on the side of
underestimation, rather than overestimation,

The names and definitions of the variables from the full set are provided in the table
below.
Table 4 DEA: Definitions and Roles of Variables used in the models

Variable Role Definition

GDP per capita (in DEA Input, Full set A converted in current
current US $) DEA Input, Reduced US § total GDP of a



Full-time
telecommunication
staff(% of total labor
force)

Annual telecom
investment per telecom
worker

Annual telecom
investment(% of GDP in
current US §)

Annual telecom
investment per capita

Annual telecom
investment per worker

set

DEA Input ,Full set
DEA Input, Reduced
set

DEA Input, Full set
DEA Input, Reduced
set

DEA Input, Full set
DEA Input, Reduced
set

DEA Input, Full set
only

DEA Input, Full set
only
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transitional ~ economy
divided by the number
representing a  total
population of  the
country

A number representing
the percentage of the
full-time telecom
workers in the total
labor force of the
country. Obtained by
dividing the number of
the telecom employees
by the total labor force.
A converted in US $
total annual telecom
investment for a given
transitional economy
divided by the number

of full-time telecom
employees of a given
country.

A converted in US §
total annual telecom
investment for a given
transitional economy
divided by the
converted in current US
$ total GDP of a
transitional economy

A converted in US §
total annual telecom
investment for a given
transitional economy
divided by the total
population of a  given
country.

A converted in US §
total annual telecom
investment for a given
transitional economy
divided by the total
labor force of a given
country
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Total telecom services DEA Output, Full set “A converted in US $
revenue per telecom DEA Output, Reduced total telecom service
worker set revenue for a given

transitional economy

divided by the number
of the full-time telecom
employees of a given

country.
Total telecom services DEA Output, Full set Represents a percentage,
revenue(% of GDP in DEA Output, Reduced relative to GDP, of the
current US $) set - converted in US §$ total
telecom revenue for a
given transitional

economy, for a given
year.  Obtained by
dividing a converted in
US §$ total telecom
revenue for a given
transitional  economy,
for a given year, by the
country’s GDP, in US §.
Total telecom services DEA Output, Full set A converted in US §
revenue per worker only total telecom service
revenue for a given
transitional economy
divided by the number
of the total labor force
of a given country
Total telecom services DEA Output, Full set A converted in US §
revenue per capita only total telecom service
revenue for a given
transitional economy
divided by the total
population of a given
country.

The main goal that we were pursuing in performing DEA was to find out how
efficient the 18 transitional economies were in purely converting investment inputs into

the revenue outputs. Therefore, we did not include any other types of inputs or outputs

such as those related to infrastructure, capabilities, utilization, etc. The reason for using
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two sets of data to perform DEA was based on our assumption that the full set would give
us an opportunity to evaluate the efficiency economically more broadly,( i.e., relative to
the whole population, labor force of a country and the telecom industry), while reduced

set allowed only for narrow evaluation of efficiency (i.e., relative to the telecom worker).

7.3.2 DEA: Results

In using “OnFront” to obtain the efficiency scores we have chosen to use, first,
Farrel Input-Saving Measure of Efficiency as a direct efficiency measure for the three
types of models: CRS (constant return to scale), VRS (variable return to scale) and NIRS
(non-increasing return to scale). Then we performed the same type of analysis using
Farrel Output—Oriented Measure of Technical efficiency.

Results for the two data sets, for each model, are listed below.

Input-Saving Measure of Efficiency

Reduced set (four DEA inputs and two outputs)

Farrel Input-Saving Measure of Efficiency, CRS

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 1 1 1 1 0.68 1 1

Armenia 0.79 1 1 1 096 | 0.69 | 0.71 | 0.73 | 0.75 | 0.80
Azerbaijan | 0.40 | 0.57 1 1 | 0.87 | 0.51 | 0.71 | 0.45 | 0.46
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Belarus 0.42 | 0.17 | 0.55 | 0.60 | 0.50 | 0.37 | 0.46 | 0.42 | 0.35 | 0.44
Bulgaria 0.77 1 085 1 0.76 | 0.71 | 0.56 | 0.52 | 0.58 | 0.81 | 0.49 | 0.55
CzechRep | 0.63 | 077 | 0.59 | 0.46 | 0.68 | 0.83 | 0.82 | 0.74 | 0.55 | 0.78
Estonia 0.50 | 0.62 [ 0.94 | 0.89 [ 0.94 | 0.96 1 1 1 0.75
Hungary 0.57 | 0.90 1 1 1 1 0.92 1 1 1
Kazakhstan | 0.52 | 0.22 | 0.44 | 0.50 | 0.41 | 0.41 | 0.44 | 0.52 | 0.47 | 0.88
Kyrgyz Rep 1 1 1 0.66 | 0.56 1 1 1 1 1
Latvia 0.27 | 0.87 | 0.94 | 0.85 1 0.85 | 0.69 | 0.60 | 0.52 | 0.51
Lithuania 057 1 047 | 055|056 { 039 | 042 | 049 | 0.44 [ 0.52 | 0.93
Moldova 0.22 1 1 1 1 1 1 1 1 1
Romania 0351043 051|049 | 044 | 043 | 052 | 052|050 0.73
Slovak Rep | 0.45 |{ 0.60 { 0.60 | 0.64 | 0.50 | 0.46 | 0.48 1 1 0.89
Slovenia 1 1 1 1 1 1 1 0.71 | 0.74 1
Ukraine 0.88 | 0.48 | 0.61 1 0.71 1 0.83 | 0.90 1 0.67 | 0.75
Poland 0.77 1 092 |1 0.85 | 0.71 | 0.75 1 0.84 | 0.94 1 0.99
Farrel Input-Saving Measure of Efficiency, VRS

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 |
Albania 1 1 1 1 1 1 1 0.95 1 1
Armenia 1 1 1 1 1 0.73 1 0.73 | 0.75 | 0.76 | 0.80
Azerbaijan | 0.82 | 0.92 ] 1 1 0.94 1 1 1 1
Belarus 0.68 | 0.59 [ 0.62 | 0.69 | 0.61 | 0.58 | 0.62 | 0.64 | 0.62 | 0.77
Bulgaria 1 1 1 0.71 | 0.74 | 0.55 | 0.66 1 0.51 1
CzechRep | 0.65| 0.87 | 0.65 | 0.69 | 0.79 | 0.90 | 0.86 | 0.88 | 0.66 | 0.81
Estonia 0.53 | 0.66 1 0.94 1 1 1 1 1 1
Hungary 0.65 1 1 1 1 1 1 1 1 1
Kazakhstan | | 048 | 0.48 | 0.56 | 0.52 | 0.59 | 0.70 | 0.76 | 0.70 1
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Kyrgyz Rep 1 1 1 1 1 1 1 1 1 1
Latvia 0.57 1 1 0.85 1 0.93 | 0.90 | 0.94 | 0.80 | 0.70
Lithuania 0.65 | 056 | 0.55] 0.58 | 0.57 | 0.59 | 0.79 | 091 | 0.84 1
Moldova 1 1 1 1 1 1 1 1 1 \
Romania 0.56 | 0.57 | 0.57 | 0.60 | 0.61 | 0.63 | 0.69 | 0.75 | 0.61 | 0.81
Slovak Rep | 0.50 | 0.62 | 0.61 | 0.66 | 0.62 | 0.6]1 | 0.63 1 1 0.93
Slovenia 1 1 1 1 1 1 1 0.95 | 0.76 1
Ukraine 0.88 | 0.63 | 0.68 1 1 1 1 1 0.69 1
Poland 0.81 | 0.99 | 0.86 | 0.84 | 0.92 1 0.96 1 1 1
Farrel Input-Saving Measure of Efficiency, NIRS
Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 1 1 1 1 0.68 1 1
Armenia 0.79 1 1 1 1 0731 0.73 | 0.73 | 0.76 | 0.80
Azerbaijan | 0.40 | 0.57 1 1 1 0.87 | 0.51 | 0.71 | 045 | 0.46
Belarus 042 1017 | 0.55] 0.60 | 0.50 | 037 | 0.46 | 0.42 | 0.35 | 0.44
Bulgaria 1 1 1 0.71 | 0.74 | 0.55 | 0.66 1 0.49 1
Czech Rep | 0.65 | 0.87 | 0.59 | 0.46 | 0.68 | 0.83 | 0.82 | 0.74 | 0.55 | 0.78
Estonia 0.50 | 0.66 1 0.94 1 1 1 1 1 1
Hungary 0.65 1 1 1 1 1 \ 1 1 1
Kazakhstan | 0.52 [ 0.22 | 0.44 | 0.50 | 041 | 041 | 0.44 | 0.52 | 0.47 | 0.88
Kyrgyz Rep 1 1 1 0.66 | 0.56 1 1 1 1 1
Latvia 0.27 1 1 0.85 1 0.85 1 0.69 | 0.60 | 0.52 | 0.51
Lithuania 0.57 1047 { 0.55 | 0.56 | 039 | 0.42 | 0.49 | 0.44 | 0.52 | 0.93
Moldova 0.22 1 1 1 | 1 | 1 1 1 1
Romania 0351043 | 051]049 | 044 | 043 | 0.52 | 0.52 | 0.50 | 0.73
Slovak Rep | 0.45 ] 0.62 | 0.61 | 0.64 | 0.50 | 0.46 | 0.48 1 | 0.89
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Slovenia 1 1 1 1 1 1 1 0.71 | 0.74 1
Ukraine 0.88 | 0.48 | 0.61 1 1 1 1 1 0.69 1
Poland 0.81 1 0.99 | 0.86 | 0.71 | 0.75 1 0.84 | 0.94 1 0.99
Full set (six DEA inputs and four outputs)
Farrel Input-Saving Measure of Efficiency, CRS
Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 1 1 1 1 0.80 1 1
Armenia 0.79 1 1 1 | 0.89 | 0.81 | 0.73 | 0.86 | 0.80
Azerbaijan | 0.49 | 0.60 1 1 1 0.88 | 0.51 | 0.84 | 0.49 | 0.48
Belarus 0.56 | 0.31 | 0.68 | 0.64 | 0.56 | 047 | 0.57 | 0.44 | 0.39 | 0.52
Bulgaria 1 1 1 0.88 | 0.86 | 0.83 | 0.92 1 0.72 1
Czech Rep 1 1 0.78 | 0.60 | 0.81 | 0.97 | 0.98 | 0.81 | 0.68 | 0.90
Estonia 0.81 | 0.79 1 1 1 1 1 1 1 1
Hungary 1 1 1 1 1 1 1 1 1 1
Kazakhstan | 0.80 | 0.40 | 0.60 | 0.67 | 0.75 | 0.65 | 0.51 | 0.54 | 0.51 1
Kyrgyz Rep 1 1 1 0.72 | 0.56 1 1 1 1 1
Latvia 041 | 099 | 0.94 | 0.94 1 0.85 | 0.69 | 0.67 | 0.55 | 0.52
Lithuania 0.82 (082074 ]085]| 045 | 046 | 0.50 | 0.46 | 0.55 | 0.96
Moldova 0.22 1 1 1 1 1 1 1 1 1
Romania 0.55 052 062]059]| 048 | 046 | 0.55 | 0.52 | 0.63 | 0.90
Slovak Rep | 0.82 | 0.80 | 0.79 | 0.87 | 0.55 | 0.51 | 0.71 1 | |
Slovenia 1 1 1 1 1 1 1 0.71 | 0.81 1
Ukraine 1 0.70 | 0.70 1 0.92 1 1 1 0.85 | 0.88
Poland 0.93 1 0.90 | 0.76 | 0.85 1 0.84 | 1 1




Farrel Input-Saving Measure of Efficiency, VRS
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Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 1 1 1 1 0.95 1 1
Armenia 1 1 1 1 1 0.89 | 0.83 | 0.75 | 0.87 | 0.80
Azerbaijan | 082 1092 T | 1 | 1 095] 1 | 1 | 1 | 1
Belarus 0.75 1 0.59 | 0.77 | 0.72 | 0.64 | 0.60 | 0.64 | 0.67 | 0.66 | 0.77
Bulgaria 1 1 1 0.93 | 0.95 | 0.83 1 1 0.72 1
Czech Rep 1 1 0.80 | 0.75 | 0.87 | 0.97 1 0951074 | 094
Estonia 0.86 | 0.83 1 1 1 1 1 | 1 1
Hungary 1 1 1 1 1 1 1 1 1 |
Kazakhstan l 0.48 | 0.62 | 0.70 1 0.65 | 0.70 | 0.78 | 0.75 1
Kyrgyz Rep 1 1 1 1 1 1 1 1 1 1
Latvia 0.57 1 1 0.95 1 093 [ 090 | 094 | 0.83 | 0.76
Lithuania 0.87 1 0931082 |0.87 | 060 | 063 | 081 | 091 | 0.86 |
Moldova 1 1 1 1 1 1 1 1 1 1
Romania 0.61 | 0.63 | 0.67 | 0.66 | 0.63 | 0.65 | 0.73 | 0.75 | 0.72 | 0.91
Slovak Rep | 0.84 | 0.82 | 0.80 | 0.87 | 0.68 | 0.66 | 0.74 1 1 1
Slovenia 1 1 1 1 1 1 1 0.96 | 0.87 1
Ukraine | 0.70 | 0.75 1 1 1 1 1 0.86 1
Poland 0.93 1 091 | 085|093 1 0.96 1 1 1
Farrel Input-Saving Measure of Efficiency, NIRS
Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 1 1 1 1 0.80 1 1
Armenia 0.79 1 1 1 1 0.89 1 0.81 | 0.73 | 0.86 | 0.80
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Azerbaijan | 0.49 | 0.60 1 1 1 0.88 | 0.51 | 0.84 | 0.49 | 0.48
Belarus 0.56 | 0.31 | 0.68 | 0.64 | 0.56 | 0.47 | 0.57 | 0.44 | 0.39 | 0.52
Bulgaria 1 1 | 0.93 | 095 | 0.83 1 1 0.72 1
Czech Rep 1 1 0.78 | 0.60 | 0.81 | 0.97 1 0.81 | 0.68 | 0.90
Estonia 0.81 | 0.79 1 1 1 1 1 1 1 1
Hungary 1 1 1 1 1 | | 1 1 1
Kazakhstan | 0.80 | 0.40 | 0.60 | 0.67 1 0.65 | 0.51 | 0.54 | 0.51 1
Kyrgyz R 1 1 1 0.72 | 0.56 1 1 1 1 1
Latvia 0.41 1 1 094 | 1 0.85 ] 0.69 | 0.67 | 0.55 | 0.52
Lithuania 0.82 10931074 |0.87 | 045|046 | 0.50 | 0.46 | 0.55 | 0.96
Moldova 0.22 1 1 1 1 1 1 1 1 1
Romania 0.551052 062|059 |048 | 046 | 0.55]0.52 | 0.63|0.90
Slovak Rep | 0.82 | 0.80 | 0.79 | 0.87 | 0.55 | 0.51 | 0.74 1 1 1
Slovenia 1 1 1 1 1 1 1 0.71 | 0.81 1
Ukraine 1 0.70 | 0.70 1 l 1 1 1 0.85 1
Poland 0.93 1 0.90 | 0.76 | 0.85 1 0.84 1 1 1

We have obtained the scale efficiency scores for each data set as well. The results are
presented below

Scale efficiency, Full data set

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 2001 | 2002
Albania 1 1 1 1 1 1 1 0.84 1 1
Armenia 0.79 1 1 | 1 1 098 | 098 | 0.99 1
Azerbaijan | 0.60 | 0.65 1 1 1 0.93 | 0.51 0.84 | 0.49 | 0.48
Belarus 0.75 1 0.53 | 0.88 | 0.89 | 0.86 | 0.79 | 0.89 | 0.65 | 0.59 | 0.68
Bulgaria | | [ 0.94 | 0.90 1 0.92 1 1 l
Czech Rep 1 1 098 | 0.80 | 0.94 | 099 | 098 | 0.86 | 091 | 0.95
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Estonia 0.94 | 0.96 | 1 1 1 1 1 1 1
Hungary 1 1 1 1 1 1 1 1 1 1
Kazakhstan | 0.80 | 0.84 | 0.96 | 0.96 | 0.75 1 072 | 0.69 | 0.68 1
Kyrgyz Rep 1 1 1 0.72 | 0.56 1 1 1 | 1
Latvia 0.71 | 0.99 | 0.94 1 \ 091 | 077 | 0.71 0.66 | 0.68
Lithuania 095 | 087 |1 090 | 097 | 0.74 | 0.74 | 0.62 | 0.51 0.64 | 0.96
Moldova 0.22 1 1 1 1 1 1 1 1 |
Romania 091 10821092 |09 | 075|071 ]075| 0.69 | 0.88 1
Slovak Rep | 0.98 | 0.97 | 0.98 | 0.99 | 0.81 | 0.77 | 0.96 1 1 1
Slovenia 1 \ 1 1 1 1 1 0.74 | 0.93 1
Ukraine 1 1 0.93 1 0.92 1 1 1 0.99 | 0.88
Poland 1 1 0.99 | 0.90 | 091 1 0.88 1 1 1

Scale efficiency, Reduced data set

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002

Albania 1 1 1 1 1 1 1 0.71 1 1
Armenia 0.79 1 1 1 096 | 0.95 | 0.98 | 0.98 | 0.98 1
Azerbaijan | 0.49 | 0.62 1 1 1 093 1051|071 | 0.45 0.46
Belarus 0.62 | 030 | 0.88 | 0.87 [ 0.81 | 0.63 | 0.75 | 0.67 | 0.56 | 0.58

Bulgaria 0.77 | 0.85 | 0.76 1 0751094 | 0.88 | 0.81 | 0.96 | 0.55

CzechRep | 096 | 0.88 | 0.92 | 0.67 | 0.86 | 0.93 | 0.96 | 0.84 | 0.84 | 0.96

Estonia 094 | 094 | 094 | 0.94 | 0.94 | 0.96 1 1 1 0.75
Hungary 0.87 | 0.90 1 1 1 1 0.92 1 1 1
Kazakhstan | 0.52 | 0.47 | 091 | 0.89 | 0.78 | 0.71 | 0.62 | 0.68 | 0.67 | 0.89
Kyrgyz Rep 1 1 1 0.66 | 0.56 1 1 1 1 1
Latvia 0.48 | 0.87 | 0.94 1 1 0911078 | 0.64 | 0.65| 0.72

Lithuania 0.87 | 0.84 1 0.96 | 0.69 | 0.70 | 0.62 | 0.49 | 0.61 0.93
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Moldova 0.22 1 1 1 1 1 1 1 1 1
Romania 062 (075089 082 072067075069 082 090
Slovak Rep | 091 | 0.96 | 0.99 | 0.97 | 0.80 | 0.75 | 0.77 1 1 0.96
Slovenia 1 1 1 1 1 1 1 0.75 1 0.97 1
Ukraine 1 0.76 | 0.89 1 0.71 | 0.83 | 0.90 1 098 | 0.75
Poland 094 | 093 | 0.99 | 0.84 | 0.81 1 0.87 | 0.94 1 0.99
Output-Oriented Measure of Efficiency
Reduced set (four DEA inputs and two outputs)
Farrel Output-Oriented Measure of Efficiency, CRS

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 | \ 1 1 1 1.48 1 1
Armenia 1.27 1 1 | 1.04 | 1.44 | 1.40 | 1.37 | 1.34 | 1.25
Azerbaijan | 2.49 | 1.77 1 1 1 1.15 | 1.98 | 1.42 | 2.22 | 2.18
Belarus 238 (572183 | 1.66 | 201 | 2.72 | 2.16 | 2.36 | 2.88 | 2.27
Bulgaria 1.29 | 1.17 | 1.32 | 140 | 1.80 | 1.93 | 1.72 | 1.23 | 2.04 | 1.82
CzechRep | 1.59 | 1.30 | 1.68 | 2.17 | 1.47 | 1.20 | 1.22 | 1.35 | 1.81 | 1.28
Estonia 1.99 | 1.61 | 1.07 | 1.13 | 1.06 | 1.04 1 1 1 1.33
Hungary 1.76 | 1.11 1 1 1 1 1.09 1 1 \
Kazakhstan | 1.93 | 447 | 229 | 2.02 | 247 | 242 | 229 | 1.94 | 2.13 | 1.13
Kyrgyz Rep 1 1 1 1.51 | 1.77 1 1 1 1 1
Latvia 3.68 | 1.15 | 1.06 | 1.18 1 118 | 1.44 | 1.67 | 1.92 | 1.97
Lithuania 1.77 | 213 | 1.82 | 1.79 | 2.55 | 241 | 2.04 | 2.25 | 1.94 | 1.07
Moldova 4.61 1 1 1 1 1 1 1 1 1
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Romania 287|234 197|203 | 228 | 235|193 | 193 2 1.36
Slovak Rep | 2.21 | 1.68 | 1.65 | 1.56 | 2.01 | 2.19 | 2.08 1 1 1.12
Slovenia 1 1 1 1 1 1 1 1.41 | 1.35 1
Ukraine 1.14 | 2.1 | 1.65 1 1.41 | 1.20 | 1.11 1 1.49 | 1.33
Poland 1.30 | 1.09 | 1.17 | 1.41 | 1.33 1 1.20 | 1.06 1 1.01
Farrel Output-Oriented Measure of Efficiency, VRS

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 1 1 1 1 L1711 1
Armenia 1 1 1 1 1 1.09 | 1.17 | 1.32 | 1.17 | 1.1
Azerbaijan | 2.36 | 1.69 1 1 1 1.14 1 1 1 1
Belarus 2,18 | 3.64 | 1.52 | 1.58 | 1.57 | 1.96 | 1.72 | 2.07 | 2.43 | 2.18
Bulgaria 1 1 1 1.17 | 1.06 | 1.17 | 1.11 1 1.51 |
Czech Rep | 1.14 | 1.11 | 1.56 | 1.90 | 1.38 | 1.18 | 1.12 | 1.30 | 1.69 | 1.28
Estonia 1.77 | 1.35 1 1.04 1 1 1 1 1 1
Hungary 1.12 1 1 1 1 1 1 1 1 1
Kazakhstan | 1.86 | 2.66 | 1.48 | 1.63 | 1.32 | 1.55 | 1.93 | 1.93 2 1.01
Kyrgyz Rep 1 1 1 1 1 1 1 1 1 1
Latvia 2.47 1 1 1.11 1 1,12 | 141 | 1.23 | 1.91 | 1.94
Lithuania 1.64 | 140 | 1.48 | 1.34 | 2.12 | 2.10 | 1.96 | 1.56 | 1.89 1
Moldova 1 1 1 1 1 1 1 1 1 1
Romania 190 | 2.04 | 1.56 | 1.78 | 1.83 | 2.01 | 1.78 | 1.92 | 1.60 | 1.35
Slovak Rep | 1.35 | 1.41 | 1.43 | 1.35 | 1.74 | 1.92 | 1.67 1 1 1.1
Slovenia 1 ] 1 1 1 1 1 1.19 | 1.27 1
Ukraine 1.08 | 1.48 | 1.35 1 1 1 1 | 1.26 1
Poland 1.06 | 1.01 | 1.13 | 1.40 | 1.20 | 1.20 1 1 1




Farrel Output-Oriented Measure of Efficiency, NIRS
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Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 | 1 1 1 1.48 1 1
Armenia 1.27 1 1 1 1 1.09 | 1.17 | 1.32 | 1.17 | 1.10
Azerbaijan | 2.36 | 1.69 1 1 1 1.14 | 1.98 | 1.42 | 2.22 | 2.18
Belarus 2.18 1364 | 1.52 | 1.58 | 1.57 | 196 | 1.72 | 2.07 | 2.43 | 2.18
Bulgaria 1 1 1 1.17 | 1.06 | 1.17 | 1.11 1 ll51 1
Czech Rep | 1.14 | 1.11 | 1.56 | 1.90 | 1.38 | 1.18 | 1.12 | 1.35 | 1.69 | 1.28
Estonia 1.77 | 1.35 1 1.04 1 1 1 1 1 1
Hungary 1.12 1 1 1 1 1 1 1 1 I
Kazakhstan | 1.93 | 2.66 | 1.48 | 1.63 | 1.32 [ 1.55 | 1.93 | 1.94 2 1.13
Kyrgyz Rep | 1 1 I [ 151 | 177 ] 1 1 1 1 1
Latvia 247 1 1 1.11 1 1.18 | 1.44 | 1.67 | 1.91 | 1.97
Lithuania 1.64 | 1.40 | 148 | 1.34 | 2,12 | 2.10 | 1.96 | 2.25 | 1.94 | 1.07
Moldova 4.61 1 1 1 1 1 1 1 1 1
Romania 1.9 1204|156 | 1.78 | 1.83 | 2.01 | 1.78 | 1.93 | 1.60 | 1.35
Slovak Rep | 1.35 | 1.41 | 1.43 | 1.35 | 1.74 1.92 | 1.67 1|1 1.12
Slovenia 1 1 | 1 1 1 1 1.41 | 1.27 1
Ukraine 1.08 | 1.48 | 1.35 1 1 | 1 1 1.26 1
Poland 1.06 | 1.01 | 1.13 | 1.40 | 1.33 1 1.20 | 1.06 1 1.01
Full set (six DEA inputs and four outputs)
Farrel Output-Oriented Measure of Efficiency, CRS
Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 | 1 1 | 1.25 | 1
Armenia 1.27 1 1 1 | 1.13 | 1.24 | 1.37 | 1.16 | 1.25
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Azerbaijan | 2.02 | 1.68 1 1 1 1.14 | 1.98 | 1.19 | 2.04 | 2.07
Belarus 1.77 | 320 | 1.47 | 1.56 | 1.80 | 2.14 | 1.75 | 2.29 | 2.54 | 1.90
Bulgaria 1 l 1 1.13 | .17 | 1.21 | 1.08 1 1.39 1
Czech Rep 1 1 1.28 | 1.67 | 1.23 | 1.03 | 1.02 | 1.23 | 1.48 | 1.12
Estonia 1.24 | 1.26 1 1 1 1 1 1 1 1
Hungary 1 1 1 1 1 1 1 1 1 1
Kazakhstan | 1.25 | 2.50 | 1.67 | 1.49 | 1.33 | 1.53 | 1.97 | 1.86 | 1.96 1
Kyrgyz Rep 1 1 1 1.4 | 1.77 1 1 1 1 1
Latvia 247 |1 101 | 1.06 | 1.06 1 1.18 | 1.44 | 1.50 | 1.83 | 1.94
Lithuania 1.22 | 122 | 1.36 | 1.18 | 2.24 | 2.17 | 2.01 | 2.15 | 1.83 | 1.04
Moldova 4.61 1 1 1 1 1 1 1 1 1
Romania 1.81 | 192|162 | 1.69 | 2.10 | 2.16 | 1.81 | 1.93 | 1.59 | 1.11
Slovak Rep | 1.22 | 1.26 | 1.27 | 1.15 | 1.81 | 1.95 | 1.42 1 1 1
Slovenia 1 1 1 1 1 1 1 1.41 | 1.23 1
Ukraine 1 1.44 | 1.43 1 1.09 1 1 1 1.17 | 1.14
Poland 1.08 1 1.11 | 1.32 | 1.18 1 1.19 1 1 1
Farrel Output-Oriented Measure of Efficiency, VRS

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 1 1 1 1 1 1.13 1
Armenia 1 1 1 1 1 1.09 | 1.17 | 1.1 | 1.32 | 1.16
Azerbaijan | 1.89 | 1.60 1 1 1 1.14 1 1 | 1
Belarus 1.72 | 236 | 1.46 | 1.55 | 1.57 | 1.93 | 1.70 | 1.86 | 2.02 | 2.33
Bulgaria 1 1 1 1.04 | 1.02 | 1.11 1 1 1 1.37
Czech Rep 1 1 1.24 | 143 | 1.14 | 1.03 1 1.1 | 1.15 | 144
Estonia 1.22 | 1.26 1 1 1 1 1 \ 1 \

Hungary




214

Kazakhstan | 1.16 | 1.96 | 1.48 | 1.34 1 1.23 | 1.93 1 1.73 | 1.93
Kyrgyz Rep 1 1 1 1 1 1 1 1 1 1
Latvia 2.47 1 1 1.06 l 1.12 | 141 [ 1.93 | 1.23 | 1.82
Lithuania 1.21 | 1.04 | 1.31 | 1.13 | 2.10 | 2.10 | 1.96 1 1.56 | 1.83
Moldova 1 1 1 1 | 1 1 1 1 1
Romania 1.80 | 1.89 | 1.54 | 1.60 | 1.80 | 1.96 | 1.78 | 1.10 | 1.92 | 1.58
Slovak Rep | 1.18 | 1.26 | 1.25 | 1.12 | 1.74 | 1.92 | 1.25 1 1 1
Slovenia 1 1 1 1 1 1 1 1 1.17 | 1.22
Ukraine 1 1.17 | 1.35 1 1 1 1 1 1 1.17
Poland 1.06 1 1.10 | 1.30 | L.17 | 1.18 | 1 1
Farrel Output-Oriented Measure of Efficiency, NIRS

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 1 1 1 1 1.25 | 1
Armenia 1.27 1 1 1 1 1.09 | 1.17 | 1.32 | 1.16 1.10
Azerbaijan | 1.89 | 1.60 1 1 1 1.14 | 1.98 | 1.19 | 2.04 2.07
Belarus 1.72 | 236 | 146 | 1.55 | 1.57 | 1.93 | 1.70 | 2.02 | 2.33 1.86
Bulgaria 1 1 1 1.04 | 1.02 1.1.1 1 1 1.37 |
Czech Rep 1 1 124 |1 143 | 1.14 | 1.03 1 1.23 | 1.44 1.12
Estonia 1.24 | 1.26 1 1 1 1 1 1 1 1
Hungary 1 1 1 1 1 1 1 1 | 1
Kazakhstan | 1.25 | 1.96 | 1.48 | 1.34 1 1.23 | 1.93 | 1.73 | 1.93 1
Kyrgyz Rep 1 | 1 1.40 | 1.77 1 1 1 1 1
Latvia 2.47 1 1 1.06 1 1.18 | 1.44 | 1.50 | 1.82 1.94
Lithuania 1.21 | 1.04 | 1.36 | 1.13 | 2.10 | 2.10 | 1.96 | 2.15 | 1.83 1.04
Moldova 4.61 1 1 1 1 1 1 1 1 1
Romania 1.81 | 1.92 | 1.54 | 1.60 | 1.80 | 1.96 | 1.78 | 1.93 | 1.58 1.10
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Slovak Rep | 1.18 | 1.26 | 1.25 | 1.12 | 1.74 | 1.92 | 1.25 1 1 1
Slovenia 1 1 1 1 1 1 1 1.41 | 1.23 1
Ukraine 1 1.17 | 1.35 1 1 1 1 1 1.17 1
Poland 1.06 1 1.10 | 1.30 | 1.17 1 1.19 1 1 1

We have obtained the scale efficiency scores for each data set as well. The results are

presented below

Scale efficiency, Full data set

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Albania 1 1 1 1 1 1 1 1.11 1 1
Armenia 127 | 1 1 1 1 | 1.04]1.06] 1.04 1 | 1.13
Azerbaijan | 1.07 | 1.05 | 1 1 1 1 [ 1.98] 1.19 |2.04 207
Belarus 103 [ 135 1 [ 101 |114]1.11]1.03| 1.13 | 1.09 ]| 1.02
Bulgaria 1 1 1 | 109 | 1.15]1.09 | 1.08 1 1.01 | 1
Czech Rep 1 1 [ 104 | 1.17]109] 101 |1.02]| 1.07 |1.02]1.01
Estonia 1.01 1 1 1 1 1 1 1 1 1
Hungary 1 1 1 1 1 1 1 1 1 1
Kazakhstan | 1.07 | 1.28 | 1.13 | 1.11 | 133 | 125 [ 1.02 | 1.07 | 1.02| 1
Kyrgyz Rep 1 1 1 1.40 | 1.77 1 1 1 1 1
Latvia T 101 [1.06] 1 | 1 [105|1.02] 122 |101] 1
Lithuania | 1.01 | 1.18 | 1.03 | 1.05 | 1.07 | 1.03 | 1.03 | 1.38 1 | 1.04
Moldova 461 | 1 1 1 1 1 1 1 1 1
Romania 101 | 1.02 | 1.05 | 1.05 | 1.17 | 1.10 | 1.02 1 1.01 | 1
Slovak Rep | 1.04 | 1 [ 1.02 | 1.03|1.04|1.02 ] 1.14 1 1 1
Slovenia 1 1 1 1 1 1 l 120 | 1.01 | 1
Ukraine 1 [ 122106 1 [1.09] 1 1 1 1 | 1.14
Poland 1.02 | 1 1.01 | 1.01 | 1 1 1 1 1 1
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Scale efficiency, Reduced data set

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002

Albania 1 1 1 1 1 1 1 1.26 1 1

Armenia 1.27 1 1 | ] 1.04 | 1.32 | 1.20 | 1.04 | 1.14 1.13
Azerbaijan | 1.05 | 1.04 1 1 1 1.01 | 1.98 | 1.42 | 222 | 2.18
Belarus 1.09 | 1.57 | 1.21 | 1.05 | 1.28 | 1.39 | 1.25 | 1.14 | 1.19 1.04

Bulgaria 1.29 | 117 | 1.32 | 1.20 | 1.69 | 1.65 | 1.55 | 1.23 | 1.35 1.82

Czech Rep 1.39 | 1.18 | 1.08 | 1.14 | 1.07 | 1.02 | 1.08 | 1.04 | 1.07 1

Estonia 1.13 | 1.19 | 1.07 | 1.08 | 1.06 | 1.04 1 1 1 1.33
Hungary 1.57 | 1.11 1 1 1 1 1.09 1 1 1
Kazakhstan | 1.04 | 1.68 | 1.55 | 1.23 | 1.86 | 1.56 | 1.19 1 1.06 1.12
Kyrgyz Rep 1 1 1 1.5t | 1.77 1 1 1 1 1
Latvia 1.49 | 1.15 | 1.06 | 1.06 1 1.05 | 1.02 | 1.36 1 1.02
Lithuania 1.07 | 1.53 | 1.23 | 1.34 | 1.20 | 1.15 | 1.04 | 1.44 | 1.03 1.07
Moldova 4.61 1 1 1 1 1 1 1 1 1

Romania 1.51 | 1.15 | 1.26 | 1.14 | 1.24 | 1.17 | 1.09 1 1.25 1.01

Slovak Rep | 1.64 | 1.19 | 1.16 | 1.16 | 1.16 | 1.14 | 1.24 1 1 1.02

Slovenia 1 1 1 1 1 \ 1 1.18 | 1.06 1
Ukraine 1.06 | 1.41 | 1.22 1 1.41 | 1.20 | 1.11 1 1.19 1.33
Poland 1.23 | 1.08 | 1.04 | 1.01 | 1.11 1 1 1.06 | 1.01

7.3.3 DEA: Conclusion and the analysis of the results

The results of DEA demonstrate that a number of transitional economies per

given year have obtained a rating of being hundred percent relatively efficient. It does
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not, however, mean that all of the countries that were deemed relatively efficient are in
fact efficient. This, sometimes overly generous assignment of efficiency scores, is a
common characteristic of the majority of DEA models (Lins et al. 2003). Another
common characteristic of DEA models is that they /tend to evaluate as efficient those
DMUs that have the smallest input values, or, the DMUs with the largest outputs (Ali
1994). There are multiple ways by means of which the number of the efficient DMUs in
the outcome of the analysis could be reduced (Adler et al. 2002), and we might consider

using them, if necessary, later in our analysis.

Meanwhile, however, we are going to use the efficiency scores as a target variable to
perform Decision Tree analysis in our attempt to find out the characteristics of the

efficient DMU .

7.3.4 Comparison of the results of DEA based on the segmentation provided by

Clustering

Let us recall that as a result of Cluster analysis we were able to obtain two
clusters. One of the clusters, it is conjectured, contains the set of TEs that are able to take
a greater advantage from the investments in ICT. The data points comprising the other
cluster represent the countries (or the countries in a certain time period) which receive
lesser benefits from the investment"s in ICT. We named the first cluster “leaders” and the

second cluster “majority.”



Table 5 DEA: Choosing the “leaders”
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Data Set

TEs — members of the “leaders” cluster

First 5-year data set (1993 — 1998), 2

Clusters

Czech Republic (1994-1997),
Estonia (1996-1997),
Hungary (1993-1997),

Latvia (1994-5, 1997),
Poland (1995-1997),

Slovak Republic (1996-1997),
Slovenia (1993-1997).

Second 5-year data set (1998 — 2002), 2

Clusters

Czech Republic(1998-2002),
Estonia (1998-2002),
Hungary (1998-2002),
Latvia (1998-2002),

Poland (1998-2002) ,

Slovak Republic (1998,2000-2002),

Slovenia (1998-2002),
Ukraine (2002),

Romania (2000, 2002),
Moldova (2002),

Lithuania (1999, 2000, 2002),
Bulgaria (2002)

10-year data set(1993-2002), 2 clusters

Czech republic (1993-2002),
Estonia (1994-2002),

Hungary (1993-2002),

Bulgaria (2002),

Latvia (1994, 1995, 1997-2002),
Lithuania (1999-2002),
Slovenia (1993-2002),
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Poland (1993-2002),
Slovak Republic (1995-8, 2000-2).

The data points representing “leaders” are provided in the table above. We have
decided to compare the “leaders” and “majority” in terms of the criteria that were
obtained through the DEA. These criteria are: scores of efficiency for CRS, VRS, and
NIRS models, as well as the scores for Scale efficiency. Moreover, we have also
compared the two clusters in terms of the valﬁes of Malmquist index and components of
the Malmquist index, Technical change and Efficiency change. The obtained results are

displayed in the tables below.

Input-Oriented Measure of Efficiency

First S-vears (1993-1997) data set

Table 6 DEA: Comparison of the clusters based on the input-oriented model,
Reduced set (four DEA inputs and two outputs)

Criterion for “Leaders” “Majority” Difference Difference %
comparison cluster cluster
Average 0.84 0.70 0.14 19.60%
efficiency
score, CRS
 Average 0.90 0.81 0.09 10.78%
efficiency
score, VRS
Average 0.86 0.72 0.14 19.13%
efficiency
score, NIRS
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Average
efficiency
score, SE

0.93

0.85

0.07

8.40%

Malmquist
Index

1.18

1.22

-0.04

-3.31%

Malmquist
Index, TC

1.08

1.13

-0.05

-4.71%

Malmquist
Index, EC

1.14

1.13

0.01

0.72%

Table 7 DEA: Comparison of the clusters based on the input-oriented model, Full
set (six DEA inputs and four outputs)

Criterion for “Leaders” “Majority” Difference Difference %
comparison cluster cluster
Average 0.92 0.81 0.11 13.77%
efficiency
score, CRS
Average 0.94 0.88 0.06 6.93%
efficiency
score, VRS
Average 0.92 0.82 0.10 12.69%
efficiency
score, NIRS
Average 0.97 0.91 0.06 6.85%
efficiency
score, SE J
Malmquist 1.18 1.21 -0.03 -2.49%
Index
Malmquist 1.14 1.13 0.01 0.89%
Index, TC
Malmquist 1.04 1.08 -0.04 -3.70%

Index, EC




Second 5-years (1998-2002) data set

221

Table 8 DEA: Comparison of the clusters based on the input-oriented model,

Reduced set (four DEA inputs and two outputs)

Criterion  for “Leaders” “Majority” Difference Difference %
comparison cluster cluster

Average 0.82 0.71 0.11 15.45%
efficiency

score, CRS

Average 0.93 0.85 . 0.08 9.45%
efficiency

score, VRS

Average 0.85 0.72 0.12 16.93%
efficiency

score, NIRS

Average 0.88 0.83 0.05 5.78%
efficiency

score, SE

Malmquist 1.159 1.159 0.000 -0.03%
Index :
Malmaquist 1.106 1.103 0.003 0.29%
Index, TC

Malmquist 1.058 1.056 0.001 0.14%
Index, EC

Table 9 DEA: Comparison of the clusters based on the input-oriented model, Full
set (six DEA inputs and four outputs)

Criterion  for “Leaders” “Majority” Difference Difference %
comparison cluster cluster

Average 0.87 0.78 0.09 11.79%
efficiency

score, CRS

Average 0.95 0.87 0.08 9.01%
efficiency

score, VRS
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Average
efficiency
score, NIRS

0.88

0.78

0.09

11.93%

Average
efficiency
score, SE

0.91

0.88

0.03

3.90%

Malmquist
Index

1.155

1.154

0.001

0.09%

Malmquist
Index, TC

1.111

1.102

0.009

0.80%

Malmquist
Index, EC

1.042

1.052

-0.010

-0.93%

Complete 10-years (1993-2002) data set

Table 10 DEA: Comparison of the clusters based on the input-oriented model,
Reduced set (four DEA inputs and two outputs)

Criterion for “Leaders” “Majority” Difference Difference %
comparison cluster cluster '

Average 0.82 0.70 0.12 16.61%
efficiency score,

CRS

Average 0.90 0.84 0.07 7.90%
efficiency score,

VRS

Average 0.84 0.72 0.12 16.58%
efficiency score,

NIRS

Average 0.90 0.84 0.06 7.19%
efficiency score,

SE

Malmquist Index 1.17 1.20 -0.027 2.32%
Malmquist 1.10 1.12 -0.025 2.27%

Index, TC
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Malmquist 1.09 1.09 0.004 -0.32%
Index, EC

Table 11 DEA: Comparison of the clusters based on the input-oriented model, Full
set (six DEA inputs and four outputs)

Criterion for “Leaders” “Majority” Difference Difference %
comparison cluster cluster

Average 0.89 0.79 0.10 12.54%
efficiency score,

CRS

Average 0.95 0.88 0.07 7.48%
efficiency score,

VRS

Average 0.89 0.80 0.09 11.63%
efficiency score,

NIRS

Average 0.94 0.89 0.04 4.96%
efficiency score,

SE

Malmquist Index 1.18 1.18 0.00 -0.13%
Malmquist 1.13 1.11 0.02 1.52%
Index, TC

Malmquist 1.04 1.07 -0.03 -2.11%
Index, EC




Output-Oriented Measure of Efficiency

First 5-years (1993-1997) data set
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Table 12 DEA: Comparison of the clusters based on the output-oriented model,
Reduced set (four DEA inputs and two outputs)

Criterion  for “Leaders” “Majority” Difference Difference %
comparison cluster cluster

Average

efficiency

score, CRS 1.27 1.73 -0.46 -26.73%
Average

efficiency

score, VRS 1.16 1.35 -0.19 -14.11%
Average

efficiency

score, NIRS ) 1.17 1.42 -0.25 -17.68%
Average

efficiency

score, SE 1.08 1.26 -0.18 -13.99%
Malmquist

Index 1.18 1.21 -0.03 -2.39%
Malmquist

Index, TC 1.08 1.11 -0.03 -2.57%
Malmquist

Index, EC 1.14 1.15 0.00 -0.41%

Table 13 DEA: Comparison of the clusters based on the output-oriented model, Full
set (six DEA inputs and four outputs)

Criterion  for “Leaders” “Majority” Difference Difference %
comparison cluster cluster

Average

efficiency

score, CRS L12 1.36 -0.24 -17.62%
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Average
efficiency
score, VRS

1.09

1.24

-0.14

-11.66%

Average
efficiency
score, NIRS

1.09

1.30

-0.21

-16.12%

Average
efficiency
score, SE

_1.02

1.10

-0.08

-7.38%

Malmquist
Index

1.18

1.21

-0.03

-2.39%

Malmquist
Index, TC

1.08

1.11

-0.03

-2.57%

Malmquist
Index, EC

1.14

1.15

0.00

-0.41%

Second 5-vears (1998-2002) data set

Table 14 DEA: Comparison of the clusters based on the output-oriented model,

Reduced set (four DEA inputs and two outputs)

Criterion  for “Leaders” “Majority” Difference Difterence %
comparison cluster cluster

Average

efficiency

score, CRS 1.30 1.68 -0.38 -22.73%
Average

efficiency

score, VRS 1.21 1.39 -0.19 -13.41%
Average

efficiency

score, NIRS 1.25 1.47 -0.22 -14.96%
Average

efficiency

score, SE 1.08 1.203167 -0.12 -10.36%
Malmquist 1.159 1.198 -0.040 -3.30%
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Index

Malmquist

Index, TC 1.106 1.153 -0.047 -4.08%
Malmquist

Index, EC 1.063 1.043 0.020 1.90%

Table 15 DEA: Comparison of the clusters based on the output-oriented model, Full
set (six DEA inputs and four outputs)

Criterion  for “Leaders” “Majority” Difference Difference %
comparison cluster cluster

Average

efficiency

score, CRS 1.21 1.44 -0.22 -15.58%
Average

efficiency

score, VRS 1.18 1.30 -0.12 -8.88%
Average

efficiency

score, NIRS 1.21 1.38 -0.18 -12.78%
Average

efficiency

score, SE - 1.03 1.093611 -0.06 -5.84%
Malmquist

Index 1.159 1.159 0.000 -0.03%
Malmquist

Index, TC 1.106 1.103 0.003 0.29%
Malmgquist

Index, EC 1.058 1.056 0.001 0.14%




Complete 10-vears (1993-2002) data set
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Table 16 DEA: Comparison of the clusters based on the output-oriented model,
Reduced set (four DEA inputs and two outputs)

Criterion for “Leaders” “Majority” Difference Difference %
comparison cluster cluster
Average
efficiency score,
CRS 130 1.77 -0.47 -26.54%
Average
efficiency score,
VRS 1.19 1.42 -0.23 -16.06%
Average
efficiency score,
NIRS 1.22 1.49 -0.27 -18.07%
Average
efficiency score,
SE 1.09 1.24 -0.15 12.15%
Malmgquist Index

1.17 1.20 -0.02 -1.79%
Malmquist
Index, TC 1.10 1.14 -0.04 -3.83%
Malmquist
Index, EC 1.09 1.08 0.02 1.45%

Table 17 DEA: Comparison of the clusters based on the output-oriented model, Full

set (six DEA inputs and four outputs)

Criterion for “Leaders” “Majority” Difference Difference %
comparison cluster cluster

Average

efficiency score,

CRS 1.17 1.41 -0.24 -16.71%
Average

efficiency score,

VRS 115 1.29 -0.14 -11.00%
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Average
efficiency score,
NIRS

1.16 1.36 -0.19 -14.29%
Average
efficiency score,
SE 1.02 1.10 -0.07 -6.81%
Malmquist Index
_ 1.17 1.20 -0.02 -1.79%
Malmquist
[ndex, TC 1.10 114 -0.04 -3.83%
Malmquist
Index, EC 1.09 1.08 0.02 1.45%
Summary

Two of the many purposes of the data analysis performed in this part of the paper
were to determine relative efficiencies of the “majority” and the “leaders,” and to
compare the relative efficiencies of these two groups of TEs produced by the DEA based
on the full and the reduced data sets. We present the summarized results for the input-

oriented and output-oriented model in the form of the tables and provide some brief

comments after each table.

Input-Oriented Measure of Efficiency

This part of the summary demonstrates the differences in the relative efficiency
between the “leaders” and the “majority” in terms of the utilization of the inputs. The

input-orientation does not concern itself with the maximization of the outputs, but rather
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with maximization of the utilization of the inputs. Thus, it is probably reflective of the
perspective of the policy maker, especially in the case when the available resources are

limited.

Table 18 DEA input-oriented model: the differences between the clusters, in
%, reduced data set

Criterion for 1993-1998 1998-2002 1993-2002
comparison '

Average efficiency 19.60% 15.45% 16.61%
score, CRS

Average efficiency 10.78% 9.45% 7.90%
score, VRS

Average efficiency 19.13% 16.93% 16.58%
score, NIRS

Average efficiency 8.40% 5.78% 7.19%
score, SE

Malmaquist Index -3.31% -0.03% 2.32%
Malmquist  Index, -4.71% 0.29% 2.27%
TC

Malmquist  Index, 0.72% 0.14% -0.32%
EC

The table above demonstrates that the “leaders” were much more efficient than
the “majority,” especially during the period from 1993 to 1998. However, at that time
“majority” had a higher growth in efficiency, albeit due to the change in technology. The
picture changed slightly during the period fro 1998 to 2002, where the “leaders,” while
being still more efficient than the “majority,” have exhibited practically the same growth

in efficiency as the “majority.”
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Table 19 DEA input-oriented model: the differences between the clusters, in
%, full data set :

Criterion for 1993-1998 1998-2002 1993-2002
comparison

Average efficiency 13.77% 11.79% 12.54%
score, CRS

Average efficiency 6.93% 9.01% 7.48%
score, VRS

Average efficiency 12.69% - 11.93% 11.63%
score, NIRS

Average efficiency 6.85% 3.90% 4.96%
score, SE

Malmquist Index -2.49% 0.09% ' -0.13% |
Malmquist  Index, 0.89% 0.80% 1.52%
TC

Malmquist  Index, -3.70% -0.93% -2.11%
EC

This table presents the results, which were produced by DEA of the full data set.
The summarized information presents very similar results in terms of the differences in
relative efficiency between the “leaders” and the “majority.” Similarly, the “majority”
had a higher growth in efficiency during the period from 1993 to 1998; however, almost

all of it came from the growth in efficiency.

Overall, comparing the results of the DEA performed using the full and the
reduced data sets, we could see, that the full data set produces the smaller differences in
the relative efficiencies between the “majority” and the “leaders.” However, even the

smaller differences obtained by the analysis of the full data set are still significant. This
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allows us to suggest that the “leaders” are more efficient in utilizing the inputs, and the

difference in efficiencies is not likely to lessen, for the “majority” does not appear to have

significantly higher growth than the “leaders.”

Qutput-Oriented Measure of Efficiency

This part of the summary demonstrates the differences in the relative efficiency

between the “leaders” and the “majority” in terms of the maximization of the outputs.

Unlike in the case of the input-oriented model, the output-orientation does not concern

itself with the efficient utilization of the inputs, but rather with the maximization of the

outputs. Thus, it is probably reflective of the perspective of the investor, especially in the

case when the resources are abundant and the primary goal is to obtain the maximum

revenue.

Table 20 DEA output-oriented model: the differences between the clusters, in

%, reduced data set

Criterion for|  1993-1998 1998-2002 1993-2002
comparison
Average efficiency
score, CRS 26.73% 22.73%, 26.54%
Average efficiency

:core, VRS 14.11% 13.41% 16.06%
Average efficiency
score, NIRS

17.68% 14.96% 18.07%

Average efficiency
score, SE 13.99% 10.36% 12.15%
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Malmquist Index

2.39% 3.30% 1.79%
Malmquist  Index,
TC 2.57% 4.08% 3.83%
Malmquist  Index,
EC 0.41% -1.90% -1.45%

The table above demonstrates that the “leaders” were much more efficient than

the “majority” during the period from 1993 to 1998. However, unlike in the case of the

input-oriented model, where the “majority” had a higher growth in efficiency, this time

the “leaders” exhibit a significantly higher growth in efficiency than the majority. The

picture remains the same during the period from 1998 to 2002, where the “leaders,” while

being still more efficient than the “majority,” have exhibited even higher growth in

efficiency.

Table 21 DEA output-oriented model: the differences between the clusters, in

%, full data set

Criterion for 1993-1998 1998-2002 1993-2002
comparison
Average efficiency
score, CRS o o

17.62% 15.58% 16.71%
Average efficiency
score, VRS

11.66% 8.88% 11.00%
Average efficiency
score, NIRS 16.12% 12.78% 14.29%
Average efficiency
score, SE 7.38% 5.84% 6.81%
Malmquist Index

2.39% 0.03% 1.79%
Malmquist  Index,
Tc 2.57% -0.29% 3.83%
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Malmquist  Index,
EC

0.41% -0.14% -1.45%

This table presents the results of DEA based on the full data set. The results are
similar to the ones obtained by DEA of the reduced set in terms of the “leaders” being
more efficient than the “majority.” However, the magnitudes of differences are smaller.
In terms of the changes in efficiency, we could see that the “leaders” were increasing
their efficiency faster than the “majority” during the period from 1993 to 1998. During
the period from 1998 to 2002, however, the “majority”‘start increasing their efficiency

faster than the “leaders.”

Overall, just like in the case of the input-oriented model, we could see that the full
data set produces the smaller differences in the relative efficiencies between the
“majority” and the “leaders.” However, even the smaller differences obtained by the
analysis of the full data set are still significant. This allows us to suggest that the
“leaders” are more efficient in converting the inputs into the outputs, and the difference
in efficiencies is not likely to lessen, for the “majority” does not appear to have a higher

growth in efficiency than the “leaders.”

Based on the comparison of the results produced by DEA of the reduced and the full
data sets, we have concluded that the DEA of the full data set yields the smaller
magnitudes of the differences in the efficiencies between the “leaders” and the

“majority.” Thus, consistent with our intent to bias the results on the side of
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underestimation, we would use the results of the DEA based on the full data set in further

analyses.

7.3.5 Correlation between changes in Productivity and Malmquist Index

In this part of the paper, we provide the data regarding the correlational
relationship between the changes in productivity and values of the Malmquist index. As it
was mentioned previously, the variable “productivity” was created by obtaining the ratio
of the variable “Telecom revenue per telecom worker” to the “Annual telecom
investment per telecom worker.” However, because the total number of the telecom
workers was considered to be unchanging in the period of one year, the variable
“productivity” represents, in fact, a ratio of the “Total Telecom revenue” to “Annual

telecom investment” for each year.

Despite the intent, however, we could not correlate “productivity” and Malmquist
index, for “productivity” is static and Malmquist index represents a change that took
place in the period of one year. Thus, we have created a new variable, “change in
productivity,” the values for which were obtained by subtracting, let us say, a value of
productivity for year 1994 from the value of productivity for the previous year, 1993. As
a result, we were able to construct the variable with the values representing, conceptually,

the magnitude of change that took place over the period of one year.
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Once the values for the variable *change in productivity” were caiculated, we

have correlated those variables with the values provided by Malmquist index. Again, we

have used three data sets representing the first 5-Year period (1993-1998), the second 5-

Year period(1998-2002), and the 10-Year period from 1993 to 2002. The obtained values

are provided in the table below.

Table 22 Correlation coefficients for the relationships between Malmquist index and
Change in Productivity

I 5 years (1993-|2" 5 years (1998- |10 years (1993-

1998) 2002) 2002)
Albania 0.94 * 0.88*'" 0.91%**
Armenia -0.29 0.96***" 0.15
Azerbaijan 0.92* 0.82%*" 0.78%**
Belarus 0.04 0.64 0.11
Bulgaria -0.19 0.88* 0.56**
Czech Republic 0.77 0.64 0.60*%*
Estonia 0.47 0.21 0.36
Hungary 0.48 0.78 0.63*
Kazakhstan 0.35 0.50 0.39
Kyrgyz Republic 0.75 0.88* 0.72*
Latvia 0.25 0.87* 0.20
Lithuania 0.96%** 0.03 0.68*
Moldova 0.26 0.95*%** 0.24
Poland 0.92* 0.99%** 0.91*%**
Romania -0.23 0.89* 0.78***

"' *_ statistically significant at 0L = 0.1 level;

"2 %% %_ statistically significant at 0L = 0.01 level;

13 #%_ statistically significant at 0 = 0.05 level;
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Slovak Republic 0.67 0.99%** 0.94*%*
Slovenia 0.86%* 0.89* 0.87%**
Ukraine 0.88* 0.08 0.74*

One of the ways of testing the null hypothesis of non-zero correlation happening
by chance is by using Student’s t-test. We have obtained the values corresponding to the

1%, 5% and 10% significance levels, which are provided in the table below.

Data  set/Significance | 10% significance | 5% significance | 1% significance
level level level level

S-year series( N = 5) 0.805 0.878 0.959
10-year series( N = 10) 0.549 0.632 0.765

Most of the values were found to be statistically significant at 1% and 5% level.
Let us elaborate the significance of the obtained results: we were able to establish the
presence of the indirect relationship between the Malmquist index and the investments in
telecom for 67% of the TEs in our sample. In this case, the variable “productivity” serves
as a proxy that mediates the relationship between the investments in telecom and TFP.
Let us recall, that we suggested the way around the “endogeneity problem” that was
based on the mediated by the latent variable relationship between the investments in 1ICT
and TFP. The presented in the table of correlation coefficients results are suggestive that

our proposed approach could be successful.

In the same time, we were investigating the presence of the direct correlation

between the changes in the investments in ICT and TFP. Following is the reason for this
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inquiry: we would like to propose and test our theoretical framework based on indirect

relationship between the investments in ICT and TFP, but only while being firmly rooted

in the Neoclassical Growth Accounting.

While the presented above results of indirect correlation between the investments

in ICT and TFP are encouraging, we would like to make sure that it is in the same time

consistent with the Neoclassical Growth Accounting framework, which does not allow

for the direct relationship between the investments in [CT and TFP. Thus, in this case the

goal is to reject the null hypothesis of the presence of the direct relationship between the

TFP and the investments in ICT. The obtained results are presented in the table below.

Table 23 Correlation coefficients for the relationships between Malmquist index and
Change in [CT investments

1% 5 years(1993- 2"5 years(1998- 10 years (1993-

1998) 2002) 2002)
Albania -0.88 -0.72 -0.74
Armenia 0.59 -0.96 -0.03
Azerbaijan -0.94 -0.38 -0.68
Belarus 0.57 0.55 0.56
Bulgaria 0.58 -0.17 0.04
Czech Republic -0.10 -0.53 -0.25
Estonia -0.40 0.09 -0.20
Hungary -0.49 0.27 -0.20
Kazakhstan 0.07 -0.62 -0.02
Kyrgyz Republic -0.96 -0.98 -0.93
Latvia 0.35 -0.84 0.36
Lithuania -0.92 0.64 -0.13
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Moldova 0.28 -0.97 -0.21
Poland -0.28 -0.85 -0.39
Romania 0.60 -0.74 -0.50
Slovak Republic 0.41 _ -0.28 - -0.28
Slovenia -0.61 -0.84 -0.74
Ukraine -0.06 0.59 0.02

The presented above results suggest that we are able to reject the null hypothesis of the
~ presence of the direct relationship between the TFP and the investments in ICT for the
majority of TEs in our sample. It could not be overlooked, though, that we are not able to
reject the null hypothesis in the case of Slovenia, Kyrgyz Republic, Azerbaijan, and
Albania, which taken together represent 22% of our sample. Overall, however, the
required by the Neoclassical Growth Accounting framework absence of the direct
relationship between the TFP and the investments in ICT hold for the majority of TEs in

our sample.

Next, we decided to obtain the average values of change in productivity for each
TE in our sample, and rank the economies in terms of these values.. The purpose of this
ranking is to inquire whether or not we would be able to observe similar to the produced
by the Cluster analysis results. Specifically, we would like to find out whether or not it
would be possible to produce the groupings of TEs based on the change in Productivity,
and whether or not the resultant groups would bear some similarity to the clusters

produced by the Cluster analysis. The results are presented in the table below.
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Table 24 Rankings of the countries of TEs in terms of the Average Change in

Productivity
Change in Productivity,
Rank Percent Country Average
1 100.00% Slovak Republic 0.51
2 94.10% Romania 0.48
3 88.20% Hungary 0.43
4 82.30% Poland 0.37
S 76.40% Estonia 0.28
6 70.50% Latvia 0.23
7 64.70% Czech rep 0.22
8 58.80% Slovenia 0.16
9 52.90% Lithuania -0.13
10 47.00% Belarus -0.17
11 41.10% Moldova -0.22
12 35.20% Kazakhstan -0.39
13 29.40% Bulgaria -0.51
14 23.50% Azerbaijan -0.51
15 17.60% Armenia -0.58
16 11.70% Ukraine -0.94
17 5.80% Albania -0.99
18 0.00% Kyrgyz rep -2.80
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To make the presentation of the results more vivid, we plotted the values of the

average change in productivity for each economy side-by-side in the Figure 16.

Average Values of Change in productivity

1.00

0.50

0.00

-0.50

-1.00

-1.50

Value of Change

-2.00

-2.50

-3.00
Country

Figure 16 Plotted values of the average change in productivity for each economy

As we expect, the highest averages in the set belong to the group of countries that
were isolated into the cluster “leaders.” Unexpectedly, Romania made its way into the
group of “leaders.” We have decided to investigate the reasons for such ‘anomaly’. One
of the possible explanation that we found is that in the period from 2000 to 2002
Romania has tripled its Total telecom revenue, all while reducing on 20% the
investments in ICT. We have calculated the average change in productivity for Romania

during the period from 1993 to 2000, and it turned out to be 0.010. Clearly, the unusual
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data values for the last two years should be considered as outliers, rather than norm; for

Romania did not exhibit any indications of the normality of this pattern.
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7.4 Decision Tree Analysis
7.4.1 DT: Data

In this section, we briefly present preliminary results obtained after the
application of the Decision Tree analysis. The purpose of the analysis was to find out
what the specific characteristics of the efficient DMUs are. We have created a new
binary variable “Efficiency” which could take a value of “1” or “0.” The value of ““1” was
assigned in the case if DEA analysis yielded such value for a given DMU in a given year,
while the value of “0,” which was assigned to any inefficient DMU for a given year,
regardless of whether it was “0.99” or “0.22.” Then the 2 data sets used for Cluster
analysis and DEA were combined together and the duplicate columns were removed.
After that, “Efficiency” variable was added and the resulting data set was used as a data
source for Classification Tree analysis. Because we have 3 DEA models, CRS, VRS, and
NIRS, we have ended up with 3 data sets, thus, 3 results are presented. During the
analysis, following nodes were used: “Data Source,” “Variable Selection,” “Decision
Tree” and “Reporter” for classification analysis, and “Data Partition” node was added in
order to create the predictive models. We have chosen to use the default settings of the

“Decision Tree” node during the Classification Tree analysis.

Following is the list of variables used in DT analysis:

1. Total telecom services revenue(Current US $)

2. Total telecom services revenue(Current US § per person)



10.

11.

12.

13.
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Total telecom services revenue(Current US $ per worker)

Annual telecom investment(Current US $)

Efficiency

Annual telecom investment(Current US § per worker)

Annual telecom investment(Current US § per telecom worker)
Total telecom services revenue(Current US $ per telecom worker)
Productivity ratio per telecom worker (revenue/investment)
Annual telecom investment( % of GDP)

GDP per capita (in current US §)

Total telecom services revenue(% of GDP in current US §)

Full-time telecommunication staff(% of total labor force)



7.4.2 DT: Results

Full data set, CRS setting of DEA

Classification Tree
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Full data set, VRS setting of DEA

Classification Tree
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Predictive Model
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Predictive Model
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Summuary of the Part 1

Based on the results of this part of the DT analysis we cannot conclude that the
“efficient” TEs are clearly different, in terms of the values of variables that we used, from
the “inefficient” TEs. One of the possible reasons for this could be the fact that 18 TEs

that comprise our sample are not, as it was demonstrated by CA, homogenous.

One of the fundamental assumptions of DEA, however, is functional similarity of
DMUs comprising the sample. Thus, we need to find a way of performing DT analysis

that would account for the identified by CA differences between TEs of our sample.

We have decided to separate the provided by DEA results into two subsets: first,
the results for the “leaders,” and, second, the results for the “majority.” Consequently, we
ended up with the two subsets of the data, and each of the subsets, corresponding to the
“leaders” and “majority,” was comprised of “efficient” and “inefficient” DMUs. Having
done so, we performed the DT analysis again. We present the results of the second part of

the DT analysis next.
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Part 2

Full data set, CRS setting of DEA, “Leaders” cluster
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Predictive Model
1 50.9% 71.4%
0 49.1% 28.6%
1 28 10
0 27 4
Total 55 14
EProductivity ratio per telecom worker {revenue/investment) |
gsmrpmm—— I MR, e oo
1< 41754445351 >= 41754445351
1 '37.2%  55.6% 1 100.0% 100.0%|
0 62.8% 44 . 4% o 0.0% 0.0%
1 16 5 1 12 5
-0 27 4 0 0
- Total 43 9 - Total 12 5
FuIIllmezelec»on:mun|catxon staff[‘Z of total labor force) |
I
DT FRORPE b
¢ 0.0043712305 3712305
:v -\i;o TR .Nuog: ’avzr mn-.«_oéa,? ,§% ;:iv R ';§§3gy?'?ww5~ %-v r «i-g%e R »iwo.. \6\, ;: 6%
) 100.0% 66.74 O 42 . 9% 0.0%
1 o 21 1 16 3
0 15 4 © 12 0
- Total 15 61 Total 28 3
Confusion matrix
target output
Frequency |
Percent |
Row Pct |
Col pPct |0 |1 | Total
————————— Fmmm e —— 4
0 | 15 | 12 | 27
| 27.27 | 21.82 | 49.09
| 55.56 | 44.44 |
| 100.00 | 30.00 |
————————— e ——————
1 | 0| 28 | 28
|  0.00 | 50.91 | 50.91
| 0.00 | 100.00 |
|  0.00 | 70.00 |
————————— b e et
Total 15 40 55

27.27 72.73 100.00
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Full data set, NIRS setting of DEA, “Leaders” cluster

Classification Tree

1 54.77 41
9 45,37 H
Total 100.0% 75

[T atal telecom services revenue(Current US $ per worker)]
I

G

0 75.00 24
Total 100.0% 32

SRS SR

Fulltime telecommunication stalf[%
I

< 0.0039016312 1»=0,0033016912

RER SRR

;I\-'»m,w..a;;’;saao. xz SRR Ez‘--w-Mm:,\_omz:éﬂ:-bi:,mav;:xi: S-»imwn«wg,,l .22 5 3 | R ,,.:;:a‘.éaé". “v-<~<---:,\.2\,;
0 100.07 1 0 60.0% 1 0 8.82 3 77.8%
Total 100.0% 1 - Total 100,0% 20 - Total 100.07 34! Total 100.07 9

fotal telecom seivigen'smtﬁxs:\lenue[‘“/0 ot GDF‘ |n currentU§$]]
i .','....\:v.h...;'.\“'.!,:...'.‘.’.'.‘5 SRR I R RS Y'. RIS
00182 02579] »=001821 028?9!

0 14.3% 1
7

0 84.6% 11
Total 100.0% 13 Total 100.0%
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Predictive Model

E T
20 16.77
8
0 1
: Total 6
nnual telecom investment{Cunent 115 $ per telecom workel]i
1
SRR — N
i< $11.329.81 i>=$11.329.81
33.3z] 1 83.3x 100.0%
66.7% %0 16.7% 0.0%
1§11 5 1
28 .0 1 0|
3f : Total 6 !7
Confusion matrix
target output
Freguency |
Percent |
Row Pct |
Col Pct |0 |1 | Total
————————— - —+
0 | 17 | 10 | 27
| 28.33 | 16.67 | 45.00
| 62.96 | 37.04 |
| 100.00 | 23.26 |
————————— R e R s
1 | 0 | 33 | 33
| 0.00 | 55.00 | 55.00
| 0.00 | 100.00 |
| 0.00 | 76.74 |
————————— B e
Total 17 43 60

28.33 71.67 100.00
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Full data set, VRS setting of DEA, “Leaders” cluster

Classification Tree

10 39.1% 27

i Total 100.0%7 69

T otal telecam services revenue(Curent US § per worker]|
r

0 69.2% 18
Total 100.0% 26

Total telecom services revenvelCunent US § per telecom workeﬂ
-

P s*L* o e /‘}.%‘l.i:;.‘ IR

4293500} b= 12930 20]
=‘ ',,\wJ.v»\é?’\,.=5Z§?f=0&?;ﬁéyivvsr*n:‘?' mi s 6 §irs:-;.>:?-e--i: ‘ 58 zsmw»;gz;\.:;i;iuxmﬁ I ~ewé'-;--;;i=ie\?sef’v.-.-.--::”.%é
0 30.07 3 0 93.8% 15 0 5.97 20 7
Total 100.0% 10 Total 100.0% 16} Total 100.0% 34| Total 100.07 9

Tolal elecem servies evenusiCurent U3 § et telscom worke}
L

l,z R

=4 718R2

v] 0.0 - g,@x“f‘w'x»
0 8007 3
Total 100.0% 5f




Predictive Model
1 56.4% 78.6%
0 43.6% 21.47%
i 31 11
0 24 3
Total 5% 14
|

{Productivity ratio per telecom warker [revenue/investment] |

e

< 41754445351 |

R s

o

| 754445351
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i % R RS

44.2% 66.7% B 100.0%Z 100.0%
55.8%  33. 0 0.0% 0. 0%
19 . B i1 12 5
: 24 -0 0 0
otal 43 9 . Total 12 5
“Full- time a_mnosm_._c:_omco: &mEo\o of total mmam._aw,mﬂmﬁom
Sl ———- R I
i< 00043712305 1>=0.0043712305
6.7% 64.3% 100.0%
93.3% 35.7% 0.0%
1 18 3
. 14 10 0
. Total 15 B2  Total 28 3
Confusion matrix
target output
Frequency |
Percent |
Row Pct |
Col pPct |0 |1 | Total
||||||||| e e e
0 _ 14 | 10 | 24
| 25.45 | 18.18 | 43.64
| 58.33 | 41.67 |
| 93.33 | 25.00 |
||||||||| o - —
1 _ 1 30 | 31
_ 1.82 | 54.55 | 56.36
| 3.23 | 96.77 |
_ 6.67 | 75.00 |
||||||||| e T e s
Total 15 40 55
27.27 72.73 100.00
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Full data set, CRS setting of DEA, “Majority” cluster

Classification Tree

Total 100.07 11

1 38.77 4
0 61.3%7 68
1

{GDP per capita [in cuent US §)]
1
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Total 100.0% 29 Total 100.0%
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Total 100.0% 3

Fulltime telecommunication staff[?, of totalabot imcéj}
I sam— T
¢ 0.003141401 5] = 0003141401 51

RO

S=0011820433

e ;«'Gl‘k’MZ&:-'G’-“. e
¢ 3.B106041165
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Predictive Model
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34.8% 54 .5%
65.2% 45.5%
31 12
58 10
83 22

U —
< $519.23

i

:zﬁgaucﬁvﬁy}éﬁo

L& 20.6%X 28.B%
.o 79.4% 71.4%
i1 14 4
‘o 54 10

Total 68 14

1

ecom worker [revenue/investment] |

S— —
1< 6.4395852152

ooz »,lm sy
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1 7.5% 66.7% 100.0%
.0 92 .5% 33.3% 0.0Z
B 4 10 1
0 43 5 0
- Total 53 : Total 15 1
Confusion matrix
target output
Frequency|
Percent |
Row Pct |
Col pct |0 |1 | Total
————————— Fom
0 | 49 | 9 | 58
| 55.06 | 10.11 | 65.17
| 84.48 | 15.52 |
| 92.45 | 25.00 |
————————— e T s
1 | 4 | 27 | 31
|  4.49 | 30.34 | 34.83
| 12.90 | 87.10 |
| 7.55 | 75.00 |
————————— T TP
Total 53 36 89
59.55 40.45 100.00
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Full data set, NIRS setting of DEA, “Majority” cluster

Classification Tree

1 44.81 47
0 55.2% 58

Total 100.0% 105
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Predictive Model

1 41 .7% 57 . 1%
0 58.3% 42 .97
1 35 12
0 49 9
Total 84 21

|

{GDP per capita [in cument US §
—1

1]

D=

R S DS

B —
$519.23

1 27.4%  35.7%
0 72.6% 64.3%
1 17 5
‘0 45 9
Total 52 14
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Productivity ratio per telecam worker (revenus/investment) §
—
SEiteDTES G- 3siosnaiies
1 2.9 o.0%l 1 57.1% 100.0%
0 87 .12 100.0%% 0 42 .9% 0.0%
i 1 of 1 16 5
0 33 9l o 12 0
- Tatal 34 9 Total 28 5
Confusion matrix
target output
Frequency|
Percent |
Row Pct |
Col Pct |0 |1 |  Total
————————— b
0 | 33 | 16 | 49
| 39.29 | 19.05 | 58.33
| 67.35 ] 32.65 l
| 97.06 | 32.00 |
————————— e S
1 | 1| 34 | 35
| 1.19 ‘ 40.48 | 41.67
| 2.86 | 97.14 |
|  2.94 | 68.00 |
————————— Fomm e
Total 34 50 84
40.48 59.52 100.00
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Full data set, VRS setting of DEA, “Majority” cluster

Classification Tree

b

TR
0. 9.57 4
Total 100.0% 4

1 50.5% 56
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Total 100.0Z 111
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Predictive Model
1 47 .27 63.6%
0 52.8% 36.4%
1 42 1
0 47
Total 89 22
]

GDP per capita [in curent US $)
FEOEETOREE M

S I
< $1,000.66
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""80.0% 85.7

i1

L0 20.0% 14 . 3%
1 32 12
10 B 2
' Total 40 14

Confusion matrix

target output

Frequency |

Percent |

Row Pct |

Col pPct |0 |1 | Total

————————— et A it

0 | 35 | 12 | 47
[ 39.33 | 13.48 | 52.81
| 74.47 | 25.53 |
[ 100.00 | 22.22 |

————————— o b et

1 l 0 | 42 | 42
l 0.00 | 47.19 | 47.19
| 0.00 | 100.00 |
| 0.00 | 77.78 |

————————— R e &

Total 35 54 89

39.33 60.67 100.00
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The new DT models provide much better results than the ones presented in the

Part 1. However, these models still provide only limited benefit primarily because they

force the researcher to consider two different groups of TEs, the “leaders” and

“majority,” in isolation.

Based on the results of CA we have established that while some of the countries

are permanently located in one of the cluster, there is a fairly large group of TEs that tend

to “migrate” from one cluster to another. As a matter of fact, almost 28% of the TEs in

our data set are the “migrants” (see table 25 below). Consequently, in order to deal with

such countries we would need to have both DT models, one for the periods when such

countries are considered to be among the “leaders” and another model for the periods

when these countries are among the “majority.”

Table 25 DT: Permanent leaders, permanent majority, and migrants

Permanent leaders

Permanent majority

Migrants (years as

leaders)
Czech rep (1993-2002) Albania (1993-2002) Estonia (1994-2002)
Hungary (1993-2002) Armenia(1993-2002) Bulgaria (2002)
Slovenia (1993-2002) Azerbaijan(1993-2002) Latvia (1994, 1995, 1997-
Poland (1993-2002) Belarus(1993-2002) 2002)

Kazakhstan(1993-2002)
Kyrgyz Rep (1993-2002)
Moldova (1993-2002)
Romania(1993-2002)
Ukraine (1993-2001)

Lithuania (1999-2002)
Slovak Rep(1995-1998,
2000-2002)
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We have decided to modify our DT models further, by incorporating both, the
information about the TEs membership in a given cluster, and the efficiency score, into
the single DT model. We have realized that we could categorize our TEs into the four
groups:

o “efficient leaders”, those TEs that belong to the “leaders” cluster and
were assigned the score of “1” by DEA

e “inefficient leaders” , those TEs that belong to the “leaders” cluster and
were assigned the score of less than “1” by DEA

o “efficient majority”, those TEs that belong to the “majority” cluster and
were assigned the score of “1” by DEA

¢ “inefficient majority”, those TEs that belong to the “majority” cluster and

were assigned the score of less than “1” by DEA.

Next, we have created a new variable that we named “ID” and assigned the values
of “1” to the “efficient leaders,” “2” to the “inefficient leaders,” “3” to the “efficient
majority” and “4” to the “inefficient majority.” After that we have re-ran the DT analysis,

results of which are presented next.
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Part 3: Full data set, CRS setting of DEA, “Majority” and “Leaders” clusters

Legend; 4 37.8% 68

1-"efficient leaders” g ﬁg; ﬁ Classification Tree (combined CRS)
2- “inefficient leaders” I 21.1% 38

3- “efficient majority” Total 100,07 130

4- “inefficient majority” |
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‘3 86.27 25 i3 24.3% 1 :3 o 3 0.02 ¢
2 0,07 0 i? 0.0% 2 4 2 45,07 27
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! I
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4 5T.1% q 100.0¢ 39 4 48.68 17 4 0.0% 0§ 4 0.0
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2 0.0% .2 0.0 o 2 0.0%7 0 . . 4.2 5872 212 0. O
8 0.0% il 0.0% L) sl 0.0% of:1 0.0% ; 45.5% 51 41,38 19 1 106,02 1
“Total 100.0% Total 190.0% 39 Total 100.0% 351 Total 100.0% otal 100.0% 113 Total 100.0% 453 Tota] 100.0% 1
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Part 3: Full data set, CRS setting of DEA, “Majority” and “Leaders” clusters

Legend: § %EEE ?%%E e i
1- “efficient leaders”- 2 18.8% 30 6% Predictive Model (combined CRS)
2- “inefficient leaders” ; gg 3 'g
3- “efficient majority” . 3; 0
4- “inefficient majority” Total 'l"-“ 38
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Legend: Part 3 Full data set, VRS setting of DEA, “Majority” and “Leaders” clusters

1- “efficient leaders” . . .

2-inefficient leaders” T — Classification Tree (combined VRS)
31.1Z 56

3-“efficient majority”
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Part 3: Full data set. VRS setting of DEA. “Maioritv” and “Leaders” clusters
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Part 3: Full data set, NIRS setting of DEA, “Majority” and “Leaders” clusters
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Part 3: Full data set, NIRS setting of DEA, “Majority” and “Leaders” clusters
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Summary of the Part 3

We consider the results provide by the last DT model, developed in the Part 3, to
be the most satisfactory out of the three that we have used to conduct the analysis of our
data in this section. This model offers a much more clear insight into the specific aspects
characterizing the each of the four groups that we have identified. Following is some
important excerpts from the “English rules” describing each DT, which we obtained from

the “Reporter” node.

CRS model:

e “inefficient majority”

[F Annual telecom investment (Current US $) < $19,070,765

AND 0.0031414015 <= Full-time telecommunication staff (% of total labor force)
AND 3.8043909395 <= Productivity ratio per telecom worker (revenue/investment)
AND $519 <= GDP per capita (in current US $)

AND Annual telecom investment (Current US $ per worker) < $33

THEN
NODE : 22
N : 7
4 : 100.0% (inefficient majority)
3 o 0.0%
2 0.0%
1 : 0.0%

IF Productivity ratio per telecom worker (revenue/investment) < 3.8043909395

AND $519 <= GDP per capita (in current US $)
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AND Annual telecom investment (Current US § per worker) < $33

THEN

NODE : 10

N : 39

4 : 100.0% (inefficient majority)
3 o 0.0%

2 0.0%

1 o 0.0%

IF Productivity ratio per telecom worker (revenue/investment) < 2.002357802
AND $33 <= Annual telecom investment (Current US § per worker) < $58
THEN

NODE : 12

N : 6

4 : 100.0% (inefficient majority)
3 . 0.0%

2 0.0%

1 0.0%

o ‘“‘efficient majority”

IF Full-time telecommunication staff (% of total labor force) < 0.0031414015

AND 3.8043909395 <= Productivity ratio per telecom worker (revenue/investment)
AND $519 <= GDP per capita (in current US $) '
AND Annual telecom investment (Current US § per worker) < $33

THEN

NODE :° 16
N : 8
4 : 0.0%

3 : 100.0% (efficient majority)



2 ;. 0.0%
1 0 0.0%

IF 0.0118204323 <= Total telecom services revenue(% of GDP in current US$)
AND GDP per capita (in current US §) < $519

AND Annual telecom investment (Current US § per worker) < $33

THEN

NODE : 9

N : 22

4 0.0%

3 : 100.0% (efficient majority)
2 0.0%

1 o 0.0%

» “inefficient leaders”

IF $836,899,003 <= Annual telecom investment (Current US $)

- AND 0.0039016912 <= Full-time telecommunication staff (% of total labor force)
AND Productivity ratio per telecom worker (revenue/investment) < 4.1754445351
AND $58 <= Annual telecom investment (Current US § per worker)

THEN

NODE : 25

N : 9

4 0.0%

3 o 0.0% ‘

2 : 100.0% (inefficient leaders)
| : 0.0%

[F Full-time telecommunication staff (% of total labor force) < 0.0039016912

AND Productivity ratio per telecom worker (revenue/investment) < 4.1754445351

276
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AND $58 <= Annual telecom investment(Current US § per worker)
THEN

NODE : 20

N 11

4 0.0%

3 o 0.0%

2 : 100.0% (inefficient leaders)
1 . 0.0%

o ‘“‘efficient leaders”

IF 1.5674014075 <= Productivity ratio per telecom worker (revenue/investment) <
4.1754445351

AND Annual telecom investment (Current US §) < $836,899,003

AND 0.0039016912 <= Full-time telecommunication staff (% of total labor force)
AND $58 <= Annual telecom investment (Current US $ per worker)

THEN

NODE : 29

N 17

4 0.0%

3 . 0.0%

2 5.9%

1 : 94.1% (efficient leaders)

IF 4.1754445351 <= Productivity ratio per telecom worker (revenue/investment)
AND $58 <= Annual telecom investment (Current US $ per worker)
THEN

NODE : 15

N 14

4 o 0.0%



3 : 0.0%
2 : 0.0%
1 : 100.0 %( efficient leaders)

VRS model:

o ‘“inefficient majority”

IF Productivity ratio per telecom worker (revenue/investment) < 4.5834993974
AND $1,001 <= GDP per capita (in current US $)

AND Annual telecom investment (% of GDP) < 0.0206545843

AND Total telecom services revenue (Current US §$ per person) < $58

THEN

NODE : 14

N 40

4 97.5% (inefficient majority)
3 o 0.0%

2 2.5%

1 o 0.0%

e “efficient majority”

IF Full-time telecommunication staff (% of total labor force) < 0.0032180894
AND $423 <= GDP per capita (in current US $)< $1,001
AND Annual telecom investment (% of GDP) < 0.0206545843
AND Total telecom services revenue (Current US § per person) < $58
THEN
NODE : I8
N 10
4 : 0.0%

278
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3 : 100.0% (efficient majority)
2 . 0.0%
1 : 0.0%
IF $24 <= Total telecom services revenue (Current USS$ per person) < §58
AND 4.5834993974 <= Productivity ratio per telecom worker (revenue/investment)
AND $1,001 <= GDP per capita (in current US $)
AND Annual telecom investment (% of GDP) < 0.0206545843

THEN

NODE : 23

N : 8

4 0.0%

3 : 100.0% (efficient majority)
2 0.0%

1 : 0.0%

o “inefficient leaders”

IF Full-time telecommunication staff (% of total labor force) < 0.0039016912
AND Annual telecom investment (Current US $) < $956,450,275

AND Productivity ratio per telecom worker (revenue/investment) < 4.1754445351
AND $25 <= Annual telecom investment (Current US $ per person)

AND $58 <= Total telecom services revenue (Current US § per person)

THEN

NODE : 24

N 13

4 0.0%

3 o 0.0%

2 : 92.3% (inefficient leaders)

7.7%

——
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IF $956,450,275 <= Annual telecom investment(Current US §)

AND Productivity ratio per telecom worker (revenue/investment) < 4.1754445351
AND $25 <= Annual telecom investment(Current US $ per person)

AND §$58 <= Total telecom services revenue(Current US $ per person)

THEN

NODE : 17

N : 8

4 0.0%

3 o 0.0%

2 : 100.0 %( inefficient leaders)
1 0.0%

e ‘“efficient leaders”

IF 4.1754445351 <= Productivity ratio per telecom worker (revenue/investment)
AND $25 <= Annual telecom investment (Current US $ per person)
AND $58 <= Total telecom services revenue (Current US §$ per person)

THEN

NODE : 11

N : 15

4 0.0%

3 i 0.0%

2 0.0%

1 : 100.0% (efficient leaders)
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NIRS Model:

o “inefficient majority”

IF $903 <= GDP per capita (in current US $)< $1,734
AND Productivity ratio per telecom worker (revenue/investment) < 4.4174508912
THEN

NODE : 9

N : 28

4 : 100.0% (inefficient majority)
3 o 0.0%

2 0.0%

1 : 0.0%

IF Full-time telecommunication staff (% of total labor force) < 0.003363351

AND GDP per capita (in current US $) < $903

AND Productivity ratio per telecom worker (revenue/investment) < 4.4174508912
THEN

NODE : 16

N ; 6

4 : 100.0% (inefficient majority)
3 o 0.0%

2 0.0%

1 o 0.0%

IF 4.4174508912 <= Productivity ratio per telecom worker (revenue/investment) <
11.214285714

AND Total telecom services revenue (% of GDP in current US $) < 0.0115453512
AND GDP per capita (in current US $) < $1,734
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THEN
NODE : 18
N : 5
4 : 100.0% (inefficient majority)
3 o 0.0%
2 0.0%
1 o 0.0%

e “efficient majority”

IF 0.0115453512 <= Total telecom services revenue(% of GDP in current US$)
AND 4.4174508912 <= Productivity ratio per telecom worker (revenue/investment)
AND GDP per capita (in current US $) < $1,734
THEN

NODE : 11

N 33

4 9.1%

3 : 90.9 %( efficient majority)

2 0.0%

| : 0.0%

IF GDP per capita (in current US $) < $548
AND 0.003363351 <= Full-time telecommunication staff (% of total labor force)
AND Productivity ratio per telecom worker (revenue/investment) < 4.4174508912
THEN

NODE : 26

N 11

4 9.1%

3 1 90.9 %( efficient majority)

2 0.0%
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1 . 0.00/0

e “inefficient leaders”

[F Full-time telecommunication staff (% of total labor force) < 0.0039016912
AND Productivity ratio per telecom worker (revenue/investment) < 4.1754445351
AND $11,517 <= Annual telecom investment (Current US § per telecom worker)

AND $1,734 <= GDP per capita (in current US §)

THEN

NODE : 24

N . 13

4 0.0%

3 . 0.0%

2 : 100.0 %( inefficient leaders)
1 : 0 0.0%

[F 0.0051205112 <= Full-time telecommunication staff (% of total labor force)
AND Total telecom services revenue (Current US §$ per telecom worker)

< $21,688
AND Annual telecom investment (Current US § per telecom worker) < §$11,517

AND $1,734 <= GDP per capita (in current US §)

THEN
NODE : 23
N : 7
4 14.3%
3 : 0.0%
2 85.7% (inefficient leaders)
1 o 0.0%

e “‘efficient leaders”
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IF 4.1754445351 <= Productivity ratio per telecom worker (revenue/investment)
AND §$11,517 <= Annual telecom investment (Current US $ per telecom worker)

AND $1,734 <= GDP per capita (in current US $)

THEN

NODE : 15

N 14

4 0.0%

3 : 0.0%

2 0.0%

1 : 100.0 %( efficient leaders)

IF Annual telecom investment (Current US $) < $868,697,301

AND 0.0039016912 <= Full-time telecommunication staff (% of total labor force)
AND Productivity ratio per telecom worker (revenue/investment) < 4.1754445351
AND $11,517 <= Annual telecom investment (Current US § per telecom worker)
AND $1,734 <= GDP per capita (in current US §)

THEN
NODE : 30
N 27
4 0.0%
3 0.0%
2 14.8%
1

85.2 %( efficient leaders)
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7.4.3 DT: Summary of the Analysis

In this part of the paper, we described the process of obtaining the DT models that
allow us to inquire into the differences between the efficient and the inefficient TEs. The
examples provided in the last section suggest that we were able to obtain such models.

The complete and detailed analysis of the differences between the efficient and
inefficient TEs is beyond the scope of this study. Instead, in this section we were
pursuing a goal of demonstrating, first, that the DT model could be applied to our data in
order to describe the differences between efficient and inefficient TEs, and, second, that
such DT model could do so with enough precision to be useful.

One of the major assumptions of the DEA is that all DMUs in the data set are
functionally similar. However, in reality, by obvious reasons, it is very difficult condition
to obtain. The approach that we have taken resulted in the DT models that allow for
classification and prediction of the relative efficiency of the functionally dissimilar
DMUs, thus allowing to compare, side-by-side, the TEs that otherwise should not be
compared to each other.

Consequently, the resultant DT models are able to provide a policy maker with a
suggestion regarding the differences between the efficient and inefficient TEs of the same
type (i.e., the “majority”). Moreover, these models could also provide the insights
regarding how TEs of one group could differ from the TEs of another group (i.e.,
“ineffective” majority from “ineffective” leaders). Furthermore, it is also possible to use

these DT models in order to gain some insights in the case of the ‘migrant” TEs. For
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example, it is possible to find out how TE of the “effective majority” group could
transition into the group of the “ineffective leaders.”

The purity of the nodes of the resultant DT models suggests that we were able to
accomplish the outlined goal. Consequently, the provided by the DT model English rules,
describing properties of each of the four groups of the TEs, are descriptive and precise

enough to provide some utility to a policy maker.

7.5 Translog: Testing for Interaction

In this section we describe our inquiry into the presence of the complementary
relationships between the investments in ICT and other endogenous (i.e., labor and the
other types of investments) variables. To test for the presence of the interactions we have
constructed four data sets, three for the 5-year period from 1998 to 2002, and one for the
10-year period from 1993 to 2002.

We ended up constructing three 5-year data sets because the data for some
countries were not available for the variables of interests. Thus, we ended up testing for
the presence of interactions by analyzing various subsets of the original 18-countries set
of the data.

We describe the four data sets in more details next.
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7.5.1 Translog: Description of the data sets

Our first 5-year data set consisted of following thirteen TEs: Armenia,
Azerbaijan, Belarus, Bulgaria, Hungary, Kyrgyz Republic, Latvia, Lithuania, Poland,
Romania, Slovak Republic, Slovenia, and Ukraine.

This data set was constructed using the following variables: Military personnel (%
of total labor force), Researchers in R&D (% of total labor force), Technicians in R&D
(% of total labor force) , Full-time telecommunication staff(% of total labor force),
Military expenditure (% of GDP in current US $), Health expenditure, private (% of GDP
in current US $), Health expenditure, public (% of GDP in current US §), Research and
development expenditure (% of GDP in current US $), International tourism expenditures
(% of GDP in current US $), Annual telecom investment(% of GDP in current US §$),
Foreign direct investment, net inflows (% of GDP), and GDP (current USS).

The second 5-year data set consisted of the following 14 TEs: Armenia,
Azerbaijan, Belarus, Bulgaria, Czech Republic, Hungary, Kyrgyz Republic, Latvia,
Lithuania, Poland, Romania, Slovak Republic, Slovenia, and Ukraine.

The second data set was constructed using the following variables: Military
personnel (% of total labor force), Researchers in R&D (% of total labor force),
Technicians in R&D (% of total labor force) , Full-time telecommunication staff(% of
total labor force), Military expenditure (% of GDP in current US §), Health expenditure,
private (% of GDP in current US §), Health expenditure, public (% of GDP in current US

$), Research and development expenditure (% of GDP in current US $), and GDP
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(current US$). This data set was constructed by dropping off the variable ‘International
tourism, expenditures (% of GDP in current US §)’, which allowed us to include Czech
Republic into the data set.

The third 5-year data set consisted of the following 15 TEs: Armenia, Azerbaijan,
Belarus, Bulgaria, Estonia, Hungary, Kyrgyz Republic, Latvia, Lithuania, Moldova,
Poland, Romania, Slovak Republic, Slovenia, and Ukraine.

We constructed this data set using the following variables: Military personnel (%
of total labor force), Researchers in R&D (% of total labor force), Technicians in R&D
(% of total labor force) , Full-time telecommunication staff(% of total labor force),
Military expenditure (% of GDP in current US'$), Health expenditure, private (% of GDP
in current US $), Health expenditure, public (% of GDP in current US §), International
tourism expenditures (% of GDP in current US $), Foreign direct investment, net inflows
(% of GDP), and GDP (current US$). This data set was obtained by dropping off the
variable ‘Research and development expenditure (% of GDP in current US $)’, which
allowed us to include Moldova into the data set.

Finally, the 10-year data set consisted of following 16 TEs: Albania, Armenia,
Azerbaijan, Belarus, Bulgaria, Estonia, Hungary, Kazakhstan, Latvia, Lithuania,
Moldova, Poland, Romania, Slovak Republic, Slovenia, and Ukraine.

This data set was constructed using following variables: Military personnel (% of
total labor force), Physicians (% of total labor force), Unemployment, total (% of total
labor force), Full-time telecommunication staff(% of total labor force), Military

expenditure (% of GDP in Current US §), International tourism, expenditures (% of GDP
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in Current US $), Annual telecom investment(% of GDP in Current US $), Foreign direct
investment, net inflows (% of GDP), and GDP (current USS$).
In the next part of this section of the paper, we describe the method and the tool

that we used to perform the Translog regression analysis.
7.5.2 Translog: Description of the method

We used SAS Enterprise Miner to perform our data analysis. The general
approach that we have followed is depicted in the diagram below. In our case we had four
data sets, thus, four different diagrams were created. Next, we are going to describe in

details all the relevant steps that have been taken at each node of the diagram.

Jiéih
Transform —

Variables Regression

»ﬂ =
s
Transform o

Variables Repor ter

FIVEYEARS13TES

Figure 17 Translog: implementation in SAS

In the first step of our analysis, we used the Data Source node primarily for two
purposes, first, we have selected the data set that we were going to use for each case, and

second, we defined “GDP” variable as a ‘target’ of the data analysis. However, the
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original values contained in the data set could not be used in Translog function, since
Translog requires logs, squared logs, and log interaction terms. The transformation of the
data was performed in the next step of our analysis.

Second step involved the use of two Transform Variables nodes. In the first
Transform Variables node, we have used Log-trénsfonnation to produce logs of the
original data values in the data set defined in the Data Source node. Thus, at the first
Transform Variables node we ended up with the transformed original variables.
However, we still needed squared logs and interaction terms.

In the second Transform Variables node, we used the option “Create New
Variable” to create all of the required squared log terms. After it was done, we ended up
with the logs of the original variables, plus, with the squared logs of the original
variables. At this point, we still needed to define the interaction terms prior the data
analysis.

The third step involved the use of the Regression node, where the interaction
terms were added to the model and the actual model was actually run. To add the
interaction term we used “Interaction Builder” to create all the required for our purposes
interaction terms. Later in this part, we list all the interaction terms that were created for
each of the four models. Thus, at this point we have all the required by Translog function
variables. Finally, we have chosen “General Linear Model” as an input coding option of
the regression model and then run the data analysis.

The Reporter node was used to obtain the results of the data analysis in a better

formatted way than it was offered by the output of the Regression node. After four
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diagrams were constructed, we run the data analysis, the preliminary results of which are

presented next.

7.5.3 Translog: Results of the Interaction Analysis

In this section, we present some of the relevant results that were obtained from the
output provided by the Reporter node. The results are presented in the form of the four
tables, one for each data set that was used to run a Translog regression analysis.

We present the interaction terms that were found to be significant, in the form as they
appear in the each model (column “Interaction Term in the model”). We as well provide a
description of the each term (column “Description of the Interaction Term”).

Let us recall, that in this part of the data analysis we test the null hypothesis that
coefficients B of each interaction term s equal to 0. The column “Estimate” provides the
values of the parameter estimates for the B of each interaction terms. Thus, in the table
below the interaction term represented by the variable “Log (Annual Telecom
Investment)*Log (Researchers in R&D)” has value of [§ = 5.4950.

Finally, the last column (labeled “Pr > |t| at 95%") provides a 2-tailed P-value
used in testing of our null hypothesis that f = 0. We test the hypothesis at 95%
confidence level, or, as it is commonly expressed, at a level of a = 0.05. As a result, all
the coefficients having a p-value of 0.05 or less would be considered statistically

significant, which would allow us to reject the null hypothesis of B = 0 at the level of o0 =

0.05.
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We provide the summary of the relevant findings below, while the complete

reports of the Translog regression analysis, obtained from the output of the Reporter

node, are provided at the end of this section

Table 26 Translog: Interaction terms in 5-Year 13 TEs Data Set

Investment)*Log(Military

Interaction Term in the | Description of the | Estimate Pr > |t| at
model Interaction Term (value of ) | 95%
ANNU RZY*RESE MAI1 | Log (Annual Telecom 5.4950 0.0116
Investment)*Log(Researchers
in R&D)
ANNU RZY*TECH KDM | Log (Annual Telecom -3.8542 0.0302
Investment)*Log(Technicians
in R&D)
ANNU RZY*FULL RZM | Log (Annual Telecom -2.5693 0.0124
Investment)*Log(Full-time
Telecom Staff)
ANNU_RZY*HEAL QHZ | Log (Annual Telecom -3.8643 0.0012
| Investment)*Log(Health
Expenditure, Private )
ANNU RZY*INTE IFE Log (Annual Telecom 3.4912 0.0086
[nvestment)*Log(International
Tourism, Expenditures)
Table 27 Translog: Interaction terms in 5-Year 14 TEs Data Set
Interaction Term in the | Description of the | Estimate Pr > |[t| at
model Interaction Term (value of B) | 95%
ANNU 74V*MILI BN1 | Log (Annual Telecom 1.6918 0.0341




293

Personnel)
ANNU_74V*TECH _04C | Log (Annual Telecom -2.5606 0.0306
Investment)*Log(Technicians
in R&D)
ANNU 74V*HEAL VKR | Log (Annual Telecom -1.6527 0.0206
Investment)*Log(Health
Expenditure, Private)
Table 28 Translog: Interaction terms in 5-Year 15 TEs Data Set
Interaction Term in the | Description of the | Estimate Pr > |t| at
model Interaction Term (value of B) | 95%
ANNU KWI*INTE 8V1 | Log (Annual Telecom -1.7474 0.0566
| Investment)*Log(International
Tourism, Expenditures)
ANNU KWI*TECH 07Y | Log (Annual Telecom 2.1306 0.0395
Investment)*Log(Technicians
in R&D)
Table 29 Translog: Interaction terms in 10-Year 16 TEs Data Set
Interaction Term in the | Description of the | Estimate Pr > |t| at
model Interaction Term (value of B) | 95%
ANNU _ELI*PHYS RNY | Log (Annual Telecom -5.2154 0.0009
Investment)*Log(Physicians,
% of total labor force) N
ANNU_ELI*FULL 2KW | Log (Annual Telecom 7.8231 <.0001

Investment)*Log(Full-time

Telecom Staff)
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ANNU _ELI*INTE 1AH | Log (Annual Telecom 0.6283 0.0412
Investment)*Log(International
Tourism, Expenditures)

ANNU_EL1*FORE XOE | Log (Annual Telecom 0.8495 0.0122 |

Investment)*Log(Foreign

Direct Investment)

7.5.4 Summary and the Interpretation of the Results

As a summary of our preliminary findings, we would like to state, that based on

the result of the data analysis we have established the presence of the statistically

significant interaction effect between the variable “Annual telecom investment (% of

GDP in current US $)” and the following variables:

e Labor

- Researchers in R&D (% of total labor force),

- Technicians in R&D (% of total labor force) ,

- Full-time telecommunication staff(% of total labor force),

- Military personnel (% of total labor force),

- Physicians (% of total labor force)

e Investment:

- International tourism, expenditures (% of GDP in Current US §),

- Foreign direct investment, net inflows (% of GDP), and GDP (current US$)
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- Health expenditure, private (% of GDP in current US §)

Thus, the null hypothesis of no interaction between the investments in ICT and
other types of the investments (1.e., labor and capital) could be rejected. We provide some
possible interpretations of the interactions in the table below. Of especial interest are two
interaction terms: first, between Annual Telecom Investment and Technicians in R&D,
and, second, between Annual Telecom Investment and Full-time Telecom Staff, because
the estimate values of B for this terms change the signs (the first one from negative to
positive in three 5-year data sets, and the second one from negative, in 5-year data set, to
positive in 10-year data set). This change suggests that the different levels of these
variables could produce different types of the effects.

Table 30 Translog: Interpretation of the interaction terms

Interactions Interpretation

Log (Annual Telecom Investment) | One of the possible interpretations of the effect of
*Log(Researchers in R&D) this interaction term is that the larger the number of
the researchers in a given TE, the greater the impact
of the Annual Telecom Investment on
macroeconomic growth. Similarly, it could be
interpreted that the increase in Annual Telecom
Investment would result in the greater contribution
of the researchers to the increase in GDP.

Implication: Wealthier countries spend more on
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science and R&D, and have a higher level of
investments in Telecom. The possible conclusion,
in line with the existing research, is that certain
level of capital accumulation (already achieved by
certain TEs) is required for the investments in ICT
to contribute noticeably to the macroeconomic
growth. Most of the TEs have not obtained yet the

required capital depth in the area of ICT.

Log (Annual Telecom Investment)

*Log(Technicians in R&D)

The greater the Annual Telecom investment is, the
greater the contribution of the Technicians in R&D
would be to the economic growth. Similarly, the
greater the number of Technicians in a given TE,
the greater contribution of the Telecom investments
to GDP. On the other hand, low level of
investments in telecoms prevents Technicians in
R&D from contributing highly to the economic
growth.

Implication: Number of technicians in R&D could
possibly reflect the state of “physical and
intellectual infrastructure” of an economy. Up to
the certain level of wealth TEs could simply grow

by having “more” of it, while after the certain point
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any growth would only occur through the increase
in quality of the infrastructure- by having “better”

rather than “more.”

Log (Annual Telecom Investment)

*Log(Full-time Telecom Staff)

It is conceivable to interpret this effect in the

following wéy: there 1s a certain ‘optimal

percentage’ of Full-time Telecom staff that 1is
required for Annual Telecom Investment to
contribute maximally to the increase in GDP. If this
1s the case, then there exists a ‘golden middle’ of
the investment-to-staff ratio. For example, it is
possible that up to the certain level of the
investment in Telecoms the number of the staff
must grow rapidly, while after that point only
increase in productivity of the Full-time Telecom
staff could provide increased contribution of the
investments in Telecoms to the macroeconomic
growth.

Implication: Same as above

Log (Annual Telecom Investment)

*Log(Military Personnel)

This interaction term could be interpreted in the
following way: the larger the number of the
military personnel in a given TE, the greater the

impact of the Annual Telecom Investment on
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macroeconomic growth (i.e., larger army requires
greater levels of the investments in ICT). Similarly,
it could be interpreted that the increase in Annual
Telecom Investment would result in the greater
contribution of the military personnel to the
increase in GDP(possibly, by allowing a smaller,
more efficient armed forces).

Implication: Larger the army, more workforce is
lost for macroeconomic growth, but larger armies
could also be the larger consumers of ICT/Telecom,
for such armies require larger ICT/Telecom

infrastructure to support communication.

Log (Annual Telecom Investment)
*Log(Physicians, % of total labor

force)

The argument could be made that the less number
of Physicians, as a % of total labor force, in a given
TE, the less Annual Telecom investment
contributes to the increase in GDP. Similarly, in
those TEs that have lower levels of the investment
in Telecom, Physicians contribute less to the
macroeconomic growth of the given TE.

Implication: Same situation as with “R&D
Researchers” where both, # of Researchers and # of

Physicians is representative of the level of wealth
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of a given TE. Wealthier countries spend more on
science, R&D, and medicine and also have a higher

level of investments in Telecom.

Log (Annual Telecom Investment)
*Log(International Tourism,

Expenditures)

We could interpret the effect of this interaction
term in the following way: the greater the
Expenditures on the International Tourism in a
given TE, to the grater degree would be the impact
of the Annual Telecom Investment on
macroeconomic growth. Similarly, it could be
interpreted that the increase in Annual Telecom
Investment would result in the greater contribution
of the Expenditures on the International Tourism to
the increase in GDP.

Implication: Same as above, Expenditures on
International Tourism reflect the level of wealth of
a country, plus, reflect the degree of “openness” of
a given TE. In this case, the level of expenditures
on International Tourism could be reflective of the
level of integration of a country into the
international community, as well as into the market
economy of the world. Another possible

implication is that such ‘integrated’ countries are
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capable of taking advantage of lower market prices

on ICT/Telecom equipment.

Log (Annual Telecom Investment)

*Log(Foreign Direct Investment)

It is possible, that the greater the level of FDI in a

given TE, the more significant would be the

contribution of the Annual Telecom Investment to

the increase in GDP. The case could be made that
TE which has a higher level of Annual Telecom
investment would attract additional FDI, thus
resulting in the increase in GDP. Alternatively,
given the same level of FDI, contribution to the
macroeconomic growth could be greater due to the
more effective and efficient management of the
investments.

Implication: Same as above, both factors reflect

the level of wealth of TE.

Log (Annual Telecom Investment)

*Log(Health Expenditure, Private )

One of the possible interpretations of this
interaction term is that lower the level of Private
Health Expenditure in a given

TE, the less Annual Tglecom investment
contributes to the increase in GDP. Similarly, in
those TEs that have lower levels of the investment

in Telecom, Private Health Expenditure contributes
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less (i.e., smaller) to the macroeconomic growth of
the given TE.

Implication: Same as above, both factors reflect
the level of wealth of TE, where in wealthier TEs
population has a higher level of disposable income
that could be spend on private health care, as well
as on the products and services of [CT/Telecom.
This, of course, results in the increased contribution
of Telecom investments to the macroeconomic

growth of the country.

In the conclusion of this part of the paper, we would like to acknowledge, that
despite the offered above interpretations of the interaction terms, such interpretations
should not be taken as final and definitive. Jaccard, Turrisi and Wan (1990), Aiken and
West (1991), and Braumoeller (2004) note, that there exists a number of difficulties in
interpreting interaction effects between continuous variables. Thus, our interpretations of
the interaction terms should be taken with a grain of salt, and considered to be suggestive,

rather than indicative, in nature.
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7.6 SEM with PLS: Testing the relationship between the Investments in ICT and TFP

In this part of the paper,. we test the hypothesis of presence of the relationship
between TFP and the investments in ICT, where the appropriate null hypothesis is
formulated as follows:

HO: there exists no statistically significant relationship between TFP and the

investments in ICT.

To test the null hypothesis we use Partial Least Squares (PLS) method (Wold 1989),
implemented in PLS-Graph (Chin 1994) technique. But before we proceed with the
description of the conceptual model, variables that we use and the results of the analysis,

we would like to briefly outline the scope of this section.
7.6.1 SEM with PLS: Scope of the Inquiry

We propose our research model not with the purpose of describing, as close as
possible, the process of how the investments in ICT contribute to the unexplained growth
in the form of TFP. Rather, the purpose of our model is to serve as a vehicle of
understanding whether or not the mentioned above process indeed takes place. Therefore,
our research model is not intended to mimic, in the simplified form, the actual process,
but rather its intent is to provide the insights on the basis of which a better model could

be constructed.
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According to Ackoff (1999) * the effectiveness of any model used to describe and

understand behavior of a particular system as a whole ultimately depends on the degree to
which that model accurately represents that system” (p.34). We contend that before a
model that ‘accurately represents’ the actual system could be build theré 1s a required step
of validating that the actual system, in fact, exists. [n our case, that system in need of
validation would be the contribution of the investments in ICT to TFP.

Thus, this part of the paper intends to offer some proof that the actual system
within which investments in ICT contribute to TFP does, in fact, exists and therefore,
could be modeled. As a result, the conceptual research model that we use in this part of
the paper would bé better served to be called a “prototype of the model.” Nevertheless,
our prototype, just as any model, would still need to be validated.

The process of model validation could be perceived as a following the scientific
method cyclic process that consists of six phases (Ackoff, 1999). These phases are: first,
formulation of the problem, second, construction of the model, third, testing of the model,
fourth, derivation of the solution from the tested model, fifth, testing and controlling the
solution, and, finally, implementation of the solution.

In this part of the paper we intent to accomplish the first three phases of the
validation process. Namely, we formulate the problem by stating the null hypothesis, and
then we put forward our conceptual research model by means of which we intend to test
the hypothesis. Finally, we would conclude this section with the evaluation of the results
of the testing, by means of accepting or rejecting the null hypothesis. The other three

stages of the validation process are beyond the scope of this paper.



304
Despite putting forward our research model to test hypothesized relationship, we

are, fundamentally, at this point interested in not much else but testing only the presence
of the relationship between the investments in ICT and TFP. Meaning, within the scope
of this paper we are not interested in answering the questions of why, what are the
requisite, or pre-requisite conditions that are necessary for the relationship to exist.
Having acknowledged that, we now proceed to introduce our conceptual research model

intended to test the null hypothesis stated in the beginning of this part of the paper.
7.6.2 SEM with PLS: Conceptual model

The conceptual model that we have chosen to test the hypothesized relationship
consists of thé six unidimensional constructs. The first construct is “TFP,” which
represeﬁts the unexplained economic growth. The second construct is “ICT
Capitalization,” role of which to reflect the general state of the investments in ICT in a
given TE. The third construct 1s “ICT Utilization”; this construct is thought to represent
the effectiveness and efficiency of the utilization of the available to a given TE ICT-
related infrastructure; We named the construct reflecting the state of ICT infrastructure
“ICT Diffusion.” The purpose of the fifth construct in the model, “Militarization,” is to
reflect the state of the military, from the perspective of the military spending and military
personnel, in a given TE. Finally, the purpose of the sixth construct, “Health of

Economy,” is to represent the economic environment of TE.
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We offer following definitions of the relevant to this study constructs. First, we

define a construct “ICT Capitalization™ as a “measurable/quantifiable fiscal attitude of a
TE towards the labor- and capital investments in [CT.” Second, we offer a definition of a
construct “ICT Utilization” as an “extent of the ability and capability of the users to take
advantage of the available to them ICT-related resources.” Finally, “ICT Diffusion” is
defined as a “level of pervasiveness/ubiquity of the socio-technical ICT-related
infrastructure in a given TE.”

The overall relationships between the listed above constructs are depicted in the

figure below.

Health of
Economy

ICT
Capitaliz
ation

Muilitariza
tion

Figure 18 Conceptual model used to test the hypothesized
relationship between the investments in ICT and TFP

According to the model depicted above, we hypothesize that there exist direct
relationships between “ICT Capitalization” and “ICT Utilization,” and between “ICT

Capitalization” and “ICT Diffusion.” We also assume the existence of the direct
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relationships between “ICT Diffusion” and “Health of Economy” and “Militarization.”

But mostly, of course, we are interested in the relationship between “TFP” and “ICT
Capitalization,” for testing the statistical significance of this relationship is central to our

research. We describe the variables representing the each of the constructs next.

7.6.3 SEM with PLS: Measures of the Constructs

The purpose of the six constructs that we use is to reflect the general state of the
ICT-related structure of the economy of TEs. Therefore, we needed to represent all 18
TEs in such way that differences in geographical size, population, economic wealth and
so on would be countered. Thus, we avoided using such measures as “Annual Telecom
Investment”, “Full-time Telecom Staff” and the like because these types of variables are
relative in the sense that they only could be used to compare similar in size, wealth, and
population countries.

Therefore, we ended up using only those indicators from the “Yearbook of IT”
and WDI Database, which were represented as ratios or percentages. In addition, we have
created a set of what could be called as “meta-indicators,” which are the measures that
were obtained using original variables and represented as ratios.

We describe the variables that we use as the measures to represent each of the constructs
next.
TFP — this construct is represented by the values obtained from the results of the Data

Envelopment Analysis that we have performed earlier. There are altogether three
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available measures that we could use to represent this construct. The first is “ML” or

Malmquist Index, which represents the change in TFP from one time period to another.
Let us recall, that the MI is depicted in the following way: “1” for no change, less than
“1” for decrease, and greater than “1” for increase in productivity over the time period.
The DEA ofters decomposition of MI into “TC” and “EC,” where TC stands for change
in technology and EC for the change in efficiency. Thus, the second and third measure
that could be used to represent TFP is TC and EC.

Health of Economy- we use two measures that were provided by WDI database,
“Exports of goods and services (% of GDP)” and “Trade (% of GDP)”. The source of the
data offers following definitions of these measures:

Exports of goods and services (% of GDP): Exports of goods and services

represent the value of all goods and other market services provided to the rest of
the world. They include the value of merchandise, freight, insurance, transport,
travel, royalties, license fees, and other services, such as communication,
construction, financial, information, business, personal, and government services.
They exclude labor and property income (formerly called factor services) as well
as transfer payments.

Trade (% of GDP): Trade is the sum of exports and imports of goods and services

measured as a share of gross domestic product.
Militarization- we have created two ratio variables to represent this construct. The first
variable is “ratioMilExp/MilPers”, which represent the military expenditure of the TE (in

current US %) per “military person”. This ratio was obtained by dividing total military
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expenditure of a country, represented in current US §, by the total size of its military

force. The second ratio is “MilExpPerCapita”, which represent the military expenditure
of the TE (in current US %) per capita. This ratio was obtained by dividing total military
expenditure of a country, represented in current US §, by the total population of the
country.

ICT Diffusion — this construct is represented by the three indicators obtained from WDI
Database. These indicators are: “TelephoneMainlines” ( Telephone Mainlines per 1000
people), “MobilePhones”(Mobile Phones per 1000 people), and
“FixedMobilePhoneSubscr” (Fixed Line and Mobile Phone Subscribers per 1000 p‘éople).
ICT Utilization — this construct is represented by the following two measures. The first
one is “InterTelecomOutgoing” obtained from WDI Database where it was labeled as
“International telecom, outgoing traffic in minutes per subscriber”. The second measure
is “revenuePerSubscriber”, which represents the ratio of the total telecom revenue to the
total number of fixed and mobile lines subscribers. In our view the first measure depicts
utilization of the available infrastructure, while the second one the extent of utilization in
dollar term.

ICT Capitalization — in our model this construct is represented by three measures. The
first one 1s “ratioGDPInvestPerCapita”, which is the ratio of GDP per capita to the annual
telecom investment per capita. The values for “GDP per capita” provided by WDI
Database, and values for the Annual Investment in Telecoms provided by the Yearbook
of IT. The second measure is “ProductivityRatio” which is a ratio of Total telecom

revenue to annual investments in telecom per year. Both nominator and denominator of
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the ratio were obtained from the Yearbook of IT( both values are represented as

percentages of GDP). Finally, the third measure is “ratioFtTW/ICTinvest”, which is the
ratio of Full-time telecom stuff to the Annual investment in telecoms (in current USS$).
The purpose of these three measures is to provide a general picture depicting the
investments in ICT in relation to GDP and total population(first measure), revenues from
ICT (second measure) and the full-time telecom staff. All the measures that we use to
represent the construct “ICT Capitalization” are ratios, and they all have Annual
Investment in telecom in denominator of the ratio, in one form or another (per capita, in
current USS, or as a % of GDP). Therefore, we assume that if we would be able to
demonstrate the presence of statistically significant relationship between “ICT
Capitalization” and “TFP”, we would be able to claim the presence of the indirect
relationship between the investments in ICT and TFP. However, this could only be done
if we would demonstrate that the measures that we use to represent our constructs are
valid and reliable. First, we conducted exploratory Principal Component Analysis (PCA)
in order to see that the measures that we have chosen to represent our six constructs
would demonstrate a specific pattern of loadings. The results of PCA analysis are

presented next.

7.6.4 SEM with PLS: PCA Analysis

The purpose of the conducting the PCA analysis was to see whether the measures

that were intended to represent a construct would align in the same direction and load
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together on the same principal component. At this point we already knew the number of

the constructs that we were going to use in our research model, thus, we requested five
components to be extracted.

We also requested the results of the Kaiser-Meyer-Olkin (KMO) test of sampling
adequacy and Bartlett’s test of sphéricity to be included in the output, for these two
measures are commonly used to determine whether or not a data set could be successfully
analyzed using factor analysis. Part of the SPSS output, containing these two measures, is
presented the table below.

Table of the results of the KMO and Bartlett's Test

Kaiser-Meyer-Olkin ~ Measure ~ of  Sampling
.661
Adequacy.
Bartlett's Test of Approx. Chi-Square 3116.174
Sphericity df 66
Sig. .000

In order for our data set to pass these two tests, KMO value must be above 0.5, and
Bartletts’ test value must be less than 0.05. Based on the provided above output we could
conclude that our data set passed the two tests and is suitable to be analyzed by PCA.
Next, we performed PCA itself, specifying 5 components, according to the
number of latent variables that we have in our research model. We also have requested
the most common rotation option, varimax, in order to obtain an easy to interpret
solution, where each of our measures would be maximally associated with a single

construct. Part of the SPSS output, displaying rotated solution, is presented below.



Rotated Component Matrix(a)

Component

|

]2

Fixed&MobilePhoneSubscr

InterTelecomOutgoing
MobilePhones
TefephoneMain]ines
ProductivityRatio
ratioGDPInvestPerCapita
ratioFtTW/ICTinvest
ratioMilExp/MilPers
MilExpPerCapita
Exports%ofGDP
Trade%ofGDP

revenuePerSubscriber

909

972

922

562

837

.890

.695

538

944

964

.823

932

414

941

624

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

Based on the results of the output we could determine that our measures appear to
be suitable for representing their constructs. Two measures, “revenuePerSubscriber” and
“TelephoneMainlines,’
anyway. Our reasoning was that because the focus of our investigation is on the

relationship between the “TFP” and “ICT Capitalization,” the results should not be
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appear to be less than perfect but we decided to retain them

affected by the two imperfect measures representing other constructs in the model.

his point, we could continue our inquiry and perform PLS analysis, results of which are

presented in the next section.
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7.6.5 PLS Analysis: Steps, Procedures, and Results

Assessment of a research model using PLS analysis could be perceived as
consisting of two distinct steps. The first step includes the assessment of the measurement
model that primarily deals with the evaluation of the characteristics of the latent variables
and measurement items that represent them. The second step involves the assessment of
the structural model; this step involves evaluation of the specified by the research model
relationships between the latent variables. We present more detailed description of the

assessment process below.

7.6.5.1 PLS Analysis: Assessment of the Measurement Model

We assess the adequacy of our measurement model by evaluating the following
three criteria: first, the reliability of the individual items and their constructs, second, the
convergent validity of the measures represénting each construct, and, finally,
discriminant validity of the measures (Hulland 1999).

A commonly accepted test of the reliability of the individual items consists of the
assessment of the loadings of the measures on their construct, where the loadings of 0.7

and higher are considered acceptable. Assessment of the reliability of the constructs is



313
commonly performed by evaluating the composite reliability of the constructs, with the

acceptable values being above 0.7.

Convergent validity of the measures is assessed through the evaluation of the
measure of internal consistency (Fornell and Larcker 1981), with values above 0.7 being
acceptable (Nunnaly 1978). The process of evaluation involves assessment of the
loadings of the measures on their own constructs as well. It is expected that the measures
representing a construct would exhibit high loadings on that construct (high convergent
validity), and low loadings on the all other constructs in the model (discriminant
validity). We would also look at the magnitude and significance of the t-values for the
loadings of each of the individual items.

One of the suggested (e.g., Fornell and Larcker 1981) ways of determining
discriminant validity in PLS-G is by assessing the average variance that is shared by a
construct and the construct’s measures. This measure is providéd by PLS-G output as
AVE. The commonly accepted practice is to substitute diagonal elements of the
correlation matrix that includes the correlations between the model’s constructs with the
squared root of AVE. The adequacy of the discriminant validity is demonstrated if the
diagonal elements of the matrix, represented by squared roots of AVEs, are greater then
the off-diagonal elements (Hulland 1999). We present the results of the assessment of the

measurement model next.

7.6.5.2 PLS Analysis: Results of the assessment of the measurement model
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To test our research model we have created three base models, first one where

“TFP” was represented by the measure “MI” (Malmquist Index), the second one where
“TFP” was represented by the measures “TC” (Technology change component of the
Malmquist Index) and “MI”, and the third model where “TFP” was represented by the
measures “EC”(Efficiency change component of the Malmquist Index) and “MI”. We
decided that three-model approach would allow us not only to test the presence of the
relationship between “TEFP” and “ICT Capitalization,” but also to test whether or not the
relationships exist between “ICT Capitalization” and the each of the two components of
Malmquist Index, TC and EC. While such representation would not allow for ‘pure’
representation of the TC or EC components, it would heavily bias “TFP” along TC and
EC components of ML

Thus, these three different models allow for representing construct “TFP” in the
three following ways. First, unexplained growth would be reflected by the measure MI,
which while allowing us to determine whether or not relationship between “TFP” and
“ICT Capitalization” exists, would not allow discerning the relevant component due to
which unexplained growth took place.

Second, by presenting “TFP” as being reflected by the measures Ml and TC, we
would be able to represent that part of the unexplained growth, which was due to the
changes in technology. Thus, by using this model to test the significance of the -
relationship between “TFP” and “ICT Capitalization” we would be able to test whether or
not there is a relationship between “technology” component of TFP and the investments

in ICT.
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Third, by substituting TC component of MI for EC component, just as it was

described above, we would be able to test the relationship between “efficiency”
component of TFP and “ICT Capitalization.” We begin presentation of the results of the
assessment by providing screen shots of the three models, depicted by the Figures 19, 20,

and 21 below.

Base Model 1. MI as a measure of “TFP”




.PLS Graph - 10yearsWorksForalbgph (£}
e e S

Figure 19 Base model 1

Base Model 2. M1 and TC as the measures of “TFP”
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PLS Graph - | ByearsWorksForall.gph (1)
: .

Figure 20 Base model 2

Base Model 3. MI and EC as the measures of “TFP”
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Figure 21 Base model 3

1. Reliability assessment




‘1.1 Reliability of the Constructs

Composite Reliability (Criteria: should be greater than 0.7)
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AVE (Average Variance extracted, Criteria: should be greater than 0.5)

Base Model 1, MI as a measure of “TFP”

Construct/Measure Composite AVE Squared Root
Reliability of AVE
TEFP 1.000 1.000 1.000
Militarization 0.982 0.964 0.9818
Health of Economy 0.990 0.979 0.9894
ICT Diffusion 0.946 0.855 0.9246
ICT Capitalization 0.968 0.909 0.9534
ICT Utilization 0.883 0.791 0.8893
Base Model 2, MI and TC as the measures of “TFP”
Construct/Measure Composite AVE Squared Root
Reliability of AVE
TFP 0.838 0.722 0.8497
Militarization 0.982 0.964 0.9818
Health of Economy 0.990 0.979 0.9894
ICT Diffusion 0.946 0.855 0.9246
ICT Capitalization 0.968 0.909 0.9534
ICT Utilization 0.883 0.791 0.8893

Base Model 3, MI and EC as the measures of “TFP”
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Construct/Measure Composite AVE Squared Root
Reliability of AVE
TFP 0.878 0.785 0.8860
Militarization 0.982 0.964 0.9818
Health of Economy 0.990 0.979 0.9894
ICT Diffusion 0.946 © 0.855 0.9246
ICT Capitalization 0.968 0.909 0.9534
ICT Utilization 0.883 0.791 0.8893

Based on the information presented in the table above, we could see that our research
model passed the first test of the constructs’ reliability assessment. For each one of the
three models the measures of the internal consistency (Composite reliability column) are
higher than suggested by Nunnaly (1978) baseline of 0.7, and the shared by each
construct and its measures variance(AVE column ) is significantly higher than suggested
by Rivard and Huff (1988) value of 0.5. We examine reliability of the individual

measures next.

1.2 Reliability of the individual items

Loadings (Criteria: Must be above 0.5; higher the better)

Base Model 1, M1 as a measure of “TFP”

Variable/ Measure Loading Communality

Ml 1.0000 1.0000

ratioMilExp/MilPers 0.9838 0.9678




321

MilExpPerCapita 0.9802 0.9607
Exports%ofFDP 0.9906 0.9814
Trade%ofGDP 0.9886 0.9774
FixedMobilePhoneSubscr 0.9912 0.9825
MobilePhone 0.8884 0.7893
TelephoneMainlines 0.8905 0.7930
ratioGDPInvestPerCapita 0.9910 0.9822
ProductivityRatio 0.9591 0.9199
ratioFtTW/ICTInvest 0.9082 0.8249
InterTelecomOutgoing 0.9578 09173
revenuePerSubscriber 0.8151 0.6644
Base Model 2, M1 and TC as the measures of “TFP”

Variable/ Measure Loading Communality
Ml 0.7793 0.6073
TC 0.9148 0.8368
ratioMilExp/MilPers 0.9838 0.9678
MilExpPerCapita 0.9802 0.9607
Exports%ofFDP 0.9906 0.9814
Trade%ofGDP 0.9886 0.9774
FixedMobilePhoneSubscr 0.9912 0.9825
MobilePhone 0.8884 0.7893
TelephoneMainlines 0.8905 0.7930
ratioGDPInvestPerCapita 0.9910 0.9822
ProductivityRatio 0.9591 0.9199
ratioFtTW/ICTInvest 0.9082 0.8249
InterTelecomOutgoing 0.9578 09173
revenuePerSubscriber 0.8151 0.6644
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Base Model 3, MI and EC as the measures of “TFP”

Variable/ Measure Loading Communality
MI 1.0000 1.0000
TC 0.7551 0.5702
ratioMilExp/MilPers 0.9838 0.9678
MilExpPerCapita 0.9802 0.9607
Exports%ofFDP 0.9906 0.9814
Trade%ofGDP 0.9886 0.9774
FixedMobilePhoneSubscr 0.9912 0.9825
MobilePhone 0.8884 0.7893
TelephoneMainlines 0.8905 0.7930
ratioGDPlnvestPerCapita 0.9910 0.9822
ProductivityRatio 0.9591 0.9199
ratioFtTW/ICTInvest 0.9082 0.8249
InterTelecomOutgoing 0.9578 0.9173
revenuePerSubscriber 0.8151 0.6644

After examining the loadings of the measures provided in the three tables above,
we could conclude that our research model also passed the second test of the individual
items reliability assessment. Individual loadings of the all items in each of the three
models are higher than 0.8, which indicates that the measures and the construct share the
significant amount of variance. Next, we are going to examine convergent and

discriminant validity of our model.

2. Convergent and Discriminant Validity




2.1 Convergent Validity

Convergent validity (Criteria: T-value, must be significant)

Base Model 1, MI as a measure of “TFP”
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Measure T-value
ratioMilExp/MilPers 318.0371
MilExpPerCapita 241.0288
Exports%ofFDP 799.7814
Trade%ofGDP 555.8673
FixedMobilePhoneSubscr 482.3323
MobilePhone 49.9610
TelephoneMainlines 84.5551
ratioGDPInvestPerCapita 206.0844
ProductivityRatio 31.5843
ratioFtTW/ICTInvest 21.9873
InterTelecomOutgoing 6.5862
revenuePerSubscriber 54178
Base Model 2, MI and TC as the measures of “TFP”

Measure T-value
MI 3.3060
TC 4.8584
ratioMilExp/MilPers 318.0371
MilExpPerCapita 241.0288
Exports%ofFDP 799.7814
Trade%ofGDP 555.8673

FixedMobilePhoneSubscr

482.3323
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MobilePhone 49.9610
TelephoneMainlines 84.5551
ratioGDPInvestPerCapita 206.0844
ProductivityRatio 31.5843
tatioFtTW/lCTlnvest 21.9873
InterTelecomQOutgoing 6.5862
revenuePerSubscriber 5.4178

Base Model 3, MI and EC as the measures of “TFP”

LMeasure T-value
MI 7.2233
EC 4.5371
ratioMilExp/MilPers - 318.0371
MilExpPerCapita 241.0288
Exports%ofFDP 799.7814
Trade%ofGDP 555.8673
FixedMobilePhoneSubscr | 482.3323
MobilePhone 49.9610
TelephoneMainlines 84.5551
ratioGDPInvestPerCapita 206.0844
ProductivityRatio 31.5843
ratioFtTW/ICTInvest 21.9873
InterTelecomQutgoing 6.5862
revenuePerSubscriber 5.4178

All t-values are significant, which indicates that our research model passed the

first test of the convergent validity. Next, we are going to assess how high the
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individual measures load on their own constructs, in comparison to the other

constructs present in the model.

2.2 Convergent and Discriminant validity

Convergent and Discriminant validity Loadings (Criteria: loadings of the
measures on their own construct; measure must load high on its own construct

and low on all other constructs)

Base Model 1, MI as a measure of “TFP”

Measure Militar | Health | ICTDif | ICT ICT_U
TFP ization | of Eco | fusion | Capital | tilizat
Fixed&MobilePhoneSubscr | -0.05 0.72 0.54 0.99 -0.24 0.14
InterTelecomOutgoing 0.04 0.20 0.11 0.05 0.32 0.96 |
MobilePhones -0.02 0.62 0.38 0.89 -0.13 0.20
TelephoneMainlines -0.09 0.69 0.65 0.89 -0.36 0.02
ProductivityRatio 0.37 -0.18 -0.30 -0.24 0.96 0.39
MI 1.00 -0.09 -0.01 -0.06 0.37 0.04
ratioGDPInvestPerCapita 0.38 -0.19 -0.26 -0.26 0.99 0.29
ratioFtTW/ICTinvest 0.30 -0.25 -0.23 -0.31 0.91 0.13
ratioMilExp/MilPers -0.08 0.98 0.35 0.76 -0.21 0.33
MilExpPerCapita -0.10 0.98 0.27 0.69 -0.20 0.36
Exports%ofGDP -0.01 0.36 0.99 0.60 -0.30 -0.12
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Trade%ofGDP -0.01 0.27 0.99 0.55 -0.25 -0.10
revenuePerSubscriber 0.03 0.57 -0.09 0.23 0.16 0.82
Base Model 2, MI and TC as the measures of “TFP”
Measure Militar | Health | ICTDif | ICT ICT U
TFP ization | of Eco | fusion | Capital | tilizat
Fixed&MobilePhoneSubscr | -0.03 0.72 0.54 0.99 -0.24 0.15
InterTelecomOutgoing 0.08 0.20 -0.11 0.05 0.32 0.96
MobilePhones -0.01 0.62 0.38 0.89 -0.13 0.20
TelephoneMainlines -0.07 0.69 0.65 0.89 -0.36 0.02
ProductivityRatio 0.58 -0.18 -0.30 -0.24 0.96 0.39
MI 0.78 -0.09 -0.01 -0.06 0.37 0.04
'TC 091 | -003 | -004 | 002 | 058 | 0.10
ratioGDPInvestPerCapita 0.61 -0.19 -0.26 -0.26 0.99 0.29
ratioFtTW/ICTinvest 0.43 -0.25 -0.23 -0.31 0.91 0.13
ratioMilExp/MilPers -0.06 0.98 0.35 0.76 -0.21 0.33
MilExpPerCapita -0.07 0.98 0.27 0.69 -0.20 0.36
Exports%ofGDP -0.04 0.36 0.99 0.60 -0.30 -0.12
Trade%ofGDP -0.02 0.27 0.99 0.55 -0.25 -0.10
revenuePerSubscriber 0.10 0.57 -0.09 0.23 0.16 0.82
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Base Model 3, MI and EC as the measures of “TFP”

Measure Militar | Health | ICTDif | ICT ICT_U

TFP ization | of Eco | fusion | Capital | tilizat

Fixed&MobilePhoneSubscr | -0.05 0.72 0.54 0.99 -0.24 0.14

InterTelecomOutgoing 0.04 0.20 -0.11 0.05 0.32 0.96
MobilePhones -0.02 0.62 0.38 0.89 -0.13 0.20
TelephoneMainlines -0.09 0.69 0.65 0.89 -0.36 0.02
ProductivityRatio 0.36 -0.18 -0.30 -0.24 0.96 0.39
Ml 1.00 -0.09 -0.01 -0.06 0.37 0.04
EC 0.76 -0.08 0.02 -0.06 0.00 -0.06

ratioGDPInvestPerCapita 0.38 -0.19 -0.26 -0.26 0.99 0.29

ratioFtTW/ICTinvest 0.30 -0.25 -0.23 -0.31 0.91 0.13
ratioMilExp/MilPers -0.08 0.98 0.35 0.76 -0.21 0.33
MilExpPerCapita A -0.10 0.98 0.27 0.69 -0.20 0.36
Exports%ofGDP -0.01 0.36 0.99 0.60 -0.30 -0.12
Trade%ofGDP -0.01 0.27 0.99 0.55 -0.25 -0.10
revenuePerSubscriber 0.03 0.57 -0.09 0.23 0.16 0.82

In order to obtain the required loadings we have followed the method outlined by
Chin and Hubona (forthcoming 2006), which is as accurate, while being more

efficient, as the one offered by Gefen and Straub (2005).
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Table above demonstrates that all measures present in our research model share a

lot of variance with their own construct, which indicates high convergent validity. In
the same time, we could notice that no measure loads highly on any other construct,
but its own, thus demonstrating high discriminant validity. Next, we undertake the

final test of the convergent and discriminant validity of our research model.

Convergent and Discriminant validity (Criteria: smallest on-diagonal value must
be greater than largest off-diagonal value)

Base Model 1, M1 as a measure of “TFP”

Construct Variance (original on-diagonal values replaced with squared root of
AVE)

TFP 1.000

Militarization -0.087 0.9818

Health of | -0.012 0318 0.9894

Economy

ICT Diffusion -0.059 0.736 0.581 0.9246

ICT 0.371 -0.211 -0.281 -0.279 0.9534

Capitalization

ICT 0.044 0.354 -0.111 0.120 0.295 0.8893

Utilization

Base Model 2, MI and TC as the measures of “TFP”

Construct Variance (original on-diagonal values replaced with squared root of
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AVE)
TFP 0.8497
Militarization -0.064 0.9818
Health of | -0.032 0.318 0.9894
Economy
ICT Diffusion -0.044 0.736 0.581 A 0.9246
ICT 0.575 -0.211 -0.281 -0.278 0.9534
Capitalization
ICT 0.092 0.355 -0.111 0.121 0.295 0.8893
Utilization |

Base Model 3, MI and EC as the measures of “TFP”

Construct Variance (original on-diagonal values replaced with squared root of
AVE)

TFP 0.8860

Militarization -0.087 0.9818

Health of | -0.012 0.318 0.9894

Economy

ICT Diffusion -0.059 0.736 0.581 0.9246

ICT 0.369 -0.212 -0.281 -0.279 0.9534

Capitalization

ICT 0.044 0.354 -0.111 0.120 0.295 0.8893

Utilization

After the comparison of the on-diagonal values of squared root of AVEs with the off-

diagonal values, we could easily determine that the lowest on-diagonal value is at least an
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order of magnitude (Chin 1995) greater than the largest off-diagonal value. Thus, it

would appear that our research model successfully passed the last test of convergent and
discriminant validity, allowing us to use our measures and proceed with the assessment of

the structural model.

7.6.5.3 PLS Analysis: Assessment of the Structural Model

The process of assessment of the structural model involves testing of the significance of
the hypothesized relationships between specified in the research model constructs. By
running PLS-G analysis, we could observe the path coefficients between the constructs in
the model. The significance of the path coefficients then could be ‘evaluated by running

bootstrapping procedure, which yields T-values for each péth.

Structural models generated for the study

We begin this section by describing the different subsets of the data that we ended
up using for testing of the structural model Let us recall that we have generated three base
models, where construct “TFP”” was represented by MI, MI and TC, and MI and EC. Let
us recall as well that the values provided by MI represent change that took place over the
period of time, in our case, 1-year period. Thus, we ended up using the data set covering
a 9-year period from 1994 to 2002, instead of the original 10-year period from 1993 to

2002. We applied each of the base models to the full data set, covering a 9-year period,
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and to two reduced data set, first, covering a S-year period from 1994 to 1998, and,

second, covering a 5-year period from 1998 to 2002. Next, based on the results of the
Cluster analysis, we generated two subsets for each of the three periods. The two subsets
are the “leaders” and the “majority.” Thus, we ended up testing multiple structural
models, for each of the three base models were applied to the 5- and 9-year periods, and
for each period we tested complete data set for the period (we call it “all”), as well as two
subsets representing the “leaders” and “majority”.

We present the results of the assessment of the structural model next.

7.654 PLS Analysis: Results of the Assessment of the Structural Model

Altogether, we have generated and tested 27 structural models. All of these
models have the same basic structural relationships between their constructs, as it was
presented earlier in the section. Despite the same structure, results of the assessment vary
from model to model. This variability of the results 1s due to the differences between the
representations of the construct “TFP,” as well as the differences in samples that were
used to test the models.

We have evaluated fit of our structural models using the R-squared for the
endogenous constructs (“ICT Capitalization,” “ICT Diffusion,” and “TFP”). To evaluate
structural paths of the models, we used bootstrapping procedure to obtain t-values,
significance level of which was then established using 2-tailed t-distribution table.

Results are presented below.
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Strength of the Structural Path from “ICT Capitalization’ to “TFP.” t-values

Base Model 1, (MI as a measure of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 1.5192 1.1576 1.8633
Majority 1.5204 1.2120 1.8218
Leaders 0.8258 2.1233 2.2881
Base Model 2, (TC and MI as the measures of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 1.8301 0.9866 2.2180
Majority 1.8935 0.9626 2.1697
Leaders 0.9938 1.6786 2.1445
Base Model 3, (EC and MI as the measures of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 1.5601 1.0776 1.8489
Majority 1.5728 1.2026 1.8021
Leaders 0.3920 2.1440 2.4328

Estimated path effects. at p < 0.05 level of significance
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Table 31 PLS: Significance of the structural path from “ICT Capitalization” to

“TFP”

Group, Measures of TFP

1994-1998

1998-2002

1994-2002

All, MI Not significant Not significant Not significant
All, Ml and TC Not significant Not significant Significant

All, MI and EC Not significant Not significant Not significant
Majority, Ml Not significant Not significant Not significant

Majority, Ml and TC

Not significant

Not significant

Significant

Majority, MI and EC

Not significant

Not significant

Not significant

Leaders, MI Not significant Significant Significant
Leaders, Ml and TC Not significant Not significant Significant
Leaders, MI and EC Not significant Significant Significant
Structural Path from “ICT Capitalization” to “ICT Diffusion,” t-values

Base Model 1, (MI as a measure of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 6.8921 6.2202 7.7878
Majority 3.4862 1.9030 3.5353
Leaders 2.2375 0.4770 1.1696
Base Model 2, (TC and MI as the measures of “TFP”)

Group 1994-1998 1998-2002 1994-2002
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All 8.0460 6.7620 8.1474
Majority 3.5995 1.8986 3.9015
Leaders 2.8165 0.6449 1.2156
Base Model 3, (EC and MI as the measures of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 8.0293 6.9154 7.0644
Majority 3.7608 1.7279 3.6958
Leaders 2.5932 0.4503 1.3350

.Table 31 PLS: Significance of the structural path from “ICT Capitalization” to

“ICT Diffusion”

Group, Measures of TFP 1994-1998 1998-2002 1994-2002
All, MI Significant Significant Significant
All, MI'and TC Significant Significant Significant
All, MI and EC Significant Significant Significant
Majority, Ml Significant Not significant Significant
Majority, Ml and TC Significant Not significant Significant
Majority, MI and EC Significant Not significant Significant
Leaders, M1 Significant Not significant Not significant
Leaders, MI and TC Significant Not significant Not significant
Leaders, MI and EC Significant Not significant Not significant

Structural Path from “ICT Capitalization” to “ICT Utilization,” t-values




Base Model 1, (MI as a measure of “TFP”)
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Group 1994-1998 1998-2002 1994-2002
All 2.3323 2.3110 2.7958
Majority 1.8207 2.4978 2.8019
Leaders 2.8694 0.8171 1.7954
Base Model 2, (TC and MI as the measures of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 2.1243 2.4560 3.6197
Majority 2.0245 2.3577 2.8175
Leaders 3.0852 0.8831 1.5100
Base Model 3, (EC and MI as the measures of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 1.9664 2.4163 2.3787
Majority 2.0904 2.4867 2.7202
Leaders 3.7546 0.8606 1.7955

Table 32 PLS: Significance of the structural path from “ICT

“ICT Utilization”

Capitalization” to

Group, Measures of TFP 1994-1998 1998-2002 1994-2002
All, M1 Significant Signiﬁcantl Significant
All, Ml and TC Significant Significant Significant
All, MI and EC Not significant Significant Significant
Majority, Ml Not significant Significant Significant
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Majority, MI and TC Significant Significant Significant
Majority, MI and EC Significant Significant Significant
Leaders, M1 Significant Not significant Not significant
Leaders, Ml and TC Significant Not significant Not significant
Leaders, MI and EC Significant Not significant Not significant

Structural Path from “Health of Economy” to “ICT Diffusion,” t-values

Base Model 1, (MI as a measure of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 7.7468 7.5468 8.0871
Majority 5.3933 6.7070 7.1869
Leaders 14.6129 3.7424 6.4556

Base Model 2, (TC and MI as the measures of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 7.8042 6.9607 8.4675
Majority 5.6178 6.0506 6.3335
Leaders 14.7947 4.0979 6.1240

Base Model 3, (EC and MI as the measures of “TFP”)

Group 1994-1998 1998-2002 1994-2002
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All 7.2710 7.5536 7.9041
Majority 5.5202 6.1593 6.2246
Leaders 12.9959 4.0536 6.7515

Table 33 PLS: Significance of the structural path from “Health of Economy” to

“ICT Diffusion”

Group, Measures of TFP 1994-1998 1998-2002 1994-2002
All, MI Significant Significant Significant
All, MI and TC Significant Significant Significant
All, Ml and EC Significant Significant Significant
Majority, MI Significant Significant Significant
Majority, Ml and TC Significant Significant Significant
Majority, MI .and EC Significant Significant Significant
Leaders, Ml Significant Significant Significant
Leaders, Ml and TC Significant Significant Significant
Leaders, MI and EC Significant Significant Significant

Structural Path from ‘“Militarization” to “1CT Diffusion.” t-values




Base Model 1, (MI as a measure of “TFP”)
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Group 1994-1998 1998-2002 1994-2002
All 6.5338 16.8321 11.4635
Majority 2.9722 10.8319 7.2093
Leaders 1.3863 6.4294 5.8360
Base Model 2, (TC and MI as the measures of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 6.7023 15.4541 11.4060
Majority 3.0635 9.8833 6.4577
Leaders 1.6243 6.7051 5.5956
Base Model 3, (EC and MI as the measures of “TFP”)

Group 1994-1998 1998-2002 1994-2002
All 6.7046 17.2956 12.0016
Majority 3.2787 9.3495 6.9558
Leaders 1.5698 7.4594 5.5637

Table 34 PLS: Significance of the structural path from “Militarization” to “ICT

Diffusion”

Group, Measures of TFP | 1994-1998 1998-2002 1994-2002
All, M1 Significant Significant Significant
All, Ml and TC Significant Significant Significant
All, MI and EC Significant Significant Signiﬁcant
Majority, M1 Significant Significant Significant
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Majority, Ml and TC Significant Significant Significant
Majority, Ml and EC Significant Significant Significant
Leaders, M1 Not significant Significant Significant
Leaders, MI and TC Not significant Significant Significant
Leaders, MI and EC Not signiﬁcant Signiﬁcant Significant
Fit of the models. R-squared
R-squared, “TFP”
Group, Measures of TFP 1994-1998 1998-2002 1994-2002
All, MI 0.150 0.058 0.137
All, Ml and TC 0.405 0.076 0.331
" All, Ml and EC 0.155 0.045 0.136
Majority, Ml 0.167 0.084 0.164
Majority, Ml and TC 0.440 0.101 0.374
Majority, MI and EC 0.176 0.067 0.165
Leaders, MI 0.015 6.173 0.640
Leaders, MI and TC 0.090 0.154 0.650
Leaders, Ml and EC 0.088 0.154 0.626

R-squared, “ICT Diffusion”
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Group, Measures of TFP 1994-1998 1998-2002 1994-2002
All, MI 0.586 0.856 0.675
All, MI and TC 0.586 0.856 0.675
All, MI and EC 0.586 0.856 0.675
Majority, MI 0.417 0.707 0.551
Majority, Ml and TC 0.417 0.707 0.551
Majority, MI and EC 0.417 0.707 0.551
Leaders, Ml 0.624 0.710 0.471
Leaders, Ml and TC 0.624 0.710 0.471
Leaders, Ml and EC 0.624 0.710 0.471
R-squared, “ICT Capitalization”
Group, Measures of TFP 1994-1998 1998-2002 1994-2002
All, MI 0.237 0.351 0.187
All, Ml and TC 0.237 0.351 0.187
All, MI and EC 0.237 0.351 0.187
Majority, MI 0.254 0.470 0.261
Majority, MI and TC 0.254 0.470 0.261
Majority, Ml and EC 0.254 0.470 0.261
Leaders, M1 0.458 0.186 0.174
Leaders, MI and TC 0.458 0.186 0.174
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Leaders, MI and EC 0.458 0.186 0.174

7.6.6 PLS Analysis: Discussion of the results

Based on the results of the testing of our research model we can conclude, that
there exist statistically significant relationship between:

1. “ICT Capitalization” and “Technological Change” component of TFP for all 18 of
the TEs over 9-year period of time between 1994 and 2002

2. “ICT Capitalization” and ‘“Efficiency Change” component of TFP for the
“leaders” group of the TEs over 9-year period of time between 1994 and 2002

3. “ICT Capitalization” and “Technological Change” component of TFP for the
“leaders” group of the TEs over 5-year period of time between 1998 and 2002

4. “ICT Capitalization” and “Efficiency Change” component of TFP for the

“leaders” group of the TEs over 9-year period of time between 1998 and 2002

Thus, it would appear that obtained evidence is sufficient to allow us to reject the
null hypothesis of no relationship between the constructs “ICT Capitalization” and
“TFP.” Some of the obtained results are, however, surprising. For example, it is not clear
why the relationship between “ICT Capitalization” and “TFP* for “leaders” group for
the first S-year period(from 1994 to 1998) turned out to be not significant for both

components of the unexplained growth, TC and EC. We would have expected that
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because the relationship between “ICT Capitalization” and “Efficiency Change”

component of “TFP” turned out to be statistically significant for both 10-year period and
for the second 5-year period (1998-2002), such relationship should as well hold for the
first 5-year period (1994-1998).

One of the possible explanatibns c‘ou>1d be the sample size of the “leaders” subset
of the data for the both 5-year periods. In the case of the first 5-year period (1994-1998),
the sample size is 34 and for the second 5-year period, the sample size is 42. These
sample sizes were considered to be sufficient under “10 times” heuristic, according to
which the minimal sample size in PLS should be 10 times larger than the number of the
indicators associated with the largest(in terms of the associated with the latent variable
indicators) construct. In the case of our research model, the largest construct is “ICT
Capitalization,” which is associated with 3 measures. Thus, according to “10 times”
heuristic sample sizes of 34 and 42 should be large enough in terms of giving us
sufficient statistical power to test for the presence of the hypothesized relationship.

Research by Goodhue et al. (2006) investigated, among other things, the effect of
the small sample size on the statistical power when’using PLS analysis. According to the
results of the study (which used four sample sizes, smallest being 40), the “10 times” rule
should not be used when employing PLS “for anything but a strong effect size with high
reliabilit)'/” (p- 9). Consequently, regarding the cases where small sample sizes, based of
“10 times” rule, were used and no statistically significant results were found Goodhue et

al. (2006) suggest that “it would be incorrect to assume that the relationships tested do



343

not exist. Because power was likely too low, these low power non-statistically significant
results do not convey any scientific knowledge” (p.9).

Thus, the interpretation of the results of this part of our study should be probably
modified according to the suggestion of Goodhue et al. (2006) that “significant results are
probably there; non-significant results convey .no scientific knowledge” (p. 9). As a
result, we should be suspect that the samples sizes that we used to test the significance of
the tested path between “ICT Capitalization” and “TFP” for the “leaders” were too small
to provide acceptable level of power to detect anything but presence of the strong
relationship. Consequently, we feel justified to change the interpretation of the level of
significance of the tested path between “ICT Capitalization” and “TFP” from ‘“Not
Significant” to “Could Not Be Determined” (CNBD). Accordingly, the updated table is
provided below.

Table 35 PLS: Significance of the structural path from “ICT Capitalization” to
“TFP,” modified

Group, Measures of TFP 1994-1998 1998-2002 1994-2002
All, MI Not significant Not significant Not significant
All, MI and TC Not significant Not significant Significant

All, MI and EC

Not significant

Not significant

Not significant

Majority, MI

Not significant

Not significant

Not significant

Majority, Ml and TC

Not significant

Not significant

Significant

Majority, MI and EC

Not significant

Not significant

Not significant

Leaders, MI

CNBD

Significant

Significant
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Leaders, Ml and TC CNBD CNBD Significant

Leaders, MI and EC CNBD Significant Significant

7.7 Neural Networks and Decision Tree analysis

The purpose of this part of our study is to inquire into the nature of some of the
differences between the “leaders” and the “majority” that affects the relationship between
their constructs “ICT Capitalization” and “TFP.” For this purpose, we constructed two
tables (presented below) containing the values and the differences between the values in
the percents, of the measures representing the two constructs for the “leaders” and the

“majority.”

Table 36: NN and DT: Difference between the “leaders” and the “majority” in
terms of the values of the indicators of “TFP” and “ICT Capitalization,” 10-year
period (1993-2002)

majority leaders difference in %
M1 1.20 1.23 2.70%
EC 1.09 1.13 3.41%
TC 1.13 1.11 -1.70%
ProductivityRatio 10.70 3.04 -71.61%
ratioGDPInvestPerCapita 732.86 100.41 -86.30%
ratioFtTW/ICTinvest 1.94 0.06 -97.07%
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Table 37: NN and DT: Difference between the “leaders” and the “majority” in
terms of Difference between the values of the indicators of “TFP” and “ICT
Capitalization,” 5-year period (1998-2002)

majority leaders difference in %
MI 1.16 1.17 1.06%
EC 1.04 1.04 0.51%
TC 1.12 1.13 0.25%
ProductivityRatio 8.35 3.62 -56.68%
ratioGDPInvestPerCapita 370.56 96.78 -73.88%
ratioFtTW/ICTinvest 0.89 0.04 -95.75%

We decided to inquire into what are some of the reasons why the relationship
between “ICT Capitalization” and “TFP” turned out to be significant for the “leaders” but
not for the “majority.” These reasons, we propose, could stem from the three following
conditions.

First, the relationship between the two construct could be affected by the level of
the inputs. In this case, we should be able to determine whether or not the “leaders” differ
from the “majority” in terms of the values of the measures that we use to represent the
construct “ICT Capitalization.” Second, the relationship could be affected by the
process of converting the “inputs” (measures of “ICT Capitalization”) into the “outputs”
(measures of “TFP”). If this is the case, we should be able to determine whether or not

the relationship between “TFP” and “ICT Capitalization” for the “majority” would
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become significant if the “majority” would utilize the process of conversion of inputs into

the outputs of the “leaders”, while keeping the same level of inputs.

Finally, we propose that the relationship between the construct “ICT
Capitalization” and “TFP” could be affected simultaneously by the both factors, namely,
insufficient level of the inputs and the ineffective process of the conversion of the inputs
into the outputs. If this is the case, then the “majority”, while keeping the same level of
inputs but utilizing the process of conversion of inputs into the outputs of the “leaders”,
would exhibit no change in significance of the relationship between the constructs “ICT
Capitalization” and “TFP” .

Our inquiry proceeds in two steps: first, we conduct the DT analysis to determine
whether or not the levels of the inputs, in the form of the measures of the construct “ICT
Capitalization”, differ significantly between the “majority” and the “leaders”. Second, we
use Neural Networks to model the process of the conversion of the inputs into the outputs
of the “leaders.” We then use the inputs of the “majority” to generate the predicted by
NN model outputs in the form of the predicted values of the measures of “TFP.” The
predicted values then substituted for the original values of the MI, EC, and TC of the
“majority,” after the path coefficients of the structural model of SEM is tested again and
the significance is determined based on the new t-values.

In the following two parts of this section, we describe the DT and NN analysis

that we have conducted using SAS Enterprise Miner.
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7.7.1 DT: Determining the Difference in the Inputs

We have decided to find out the difference between the “leaders” and the
“majority” in terms of the values of the indicators representing the “ICT Capitalization”
construct. By creating a binary dummy variable (“0” representing the “majority and “1”
representing the “leaders”) we were able to use SAS to perform DT analysis to inquire
into this matter. The two data sets that we used, one for 5-year period and the second one
for 10-year period, contained 4 variables, 1 dummy variable and 3 variables representing
the indicators of the “ICT Capitalization.”

Once the first DT model was generated, we reset the split variable to “don’t use”
and re-run the analysis. Altogether 2 single-split models were generated, giving us some

insights regarding the differences between the “majority” and the “leaders.”

The results of the analysis presented below.

First Split

S-vear period

0.0X 0

I Total 100.0% 46
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According to the first model “leaders” clearly differ from the “majority” in terms
of the values of the variable “ratioFtW/ICTinvest,” which is the ratio of the number of
Full-time telecom employees to the annual telecom investment, in 1000 US $. This ratio
is the inverse of the “investment per telecom employee, in 1000 US $” and the purpose of
ifs creation was to represent, from the perspective of the policy-makers, the ‘attention’ or
‘supervision’ that the investment gets from the telecom employees. The simplest
interpretation of this split is that given the same level of the investment, “leaders” have
less telecom employees than the “majority,” or, conversely, that the “leaders” invest in

ICT more, per telecom worker, then the “majority.”
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Second Split
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R
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The second model creates a split based on the value of the variable
“ratioGDPInvestPerCapita,” which is the ratio of the “GDP per capita” and “Annual

Investment in telecom, per capita.” Similarly to the results of the first model, we could
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see that over 60% of the “majority” invest less in telecoms per capita than the “leaders.”

Thus, based on the conducted DT analysis we could conclude that the “leaders” do differ

from the “majority” in terms of the inputs.

7.7.2 NN: Determining the Difference in the Process of Converting the Inputs into the
Outputs

We present the way that we conducted NN analysis by using the diagram depicted
by the Figure 22 below.
The diagram uses two Input Nodes, one containing the data of the “leaders,” and another

one containing the data of the “majority.”
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Figure 22 Neural Networks: determining the
differences in transformative capacity
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Below we provide the screen shot of the contents of the “leaders” Input Node. As
one can see, input 1s provided in the form of the measures that we use to represent the
construct “ICT Capitalization,” while output (designated as “target”) is provided in the

form of the measures that we use to represent the construct “TFP.”

Nang = | Model Bole | Measurement | Type | Format | Informat | Variable Label
ProductivityRatio . .

PRODUCTIVITYRATIO = wepdmput o interval | num  BESTIZ. .12, .

L : . target interval  nume  BESTI2. 12.
Ic : = : (target  interval nun  BEST12. 12, o TC
RAT 10GDP INVESTPERCAP | TA _input ... interval oum  BESTI2. 12.
RATIOFTTH_ICT INVEST input interval num BEST12. 12

Unlike the Input Node of the “leaders,” the Input Node of the “majority” contains

only the input measures, with no output (“target”’) measures available.

: : Nane ' | . Model Role | Measurement | Type | Format | informat | Variable Label
PRODUCTIVITYRATIO input interval i num : BESTI12. 12, ProductivityRatio
mo . rejected  unary char 81, st. m
T ‘ . rejected unary char $1. $1. TC )

RATIOGDP IMUESTPERCﬁPlTﬂ‘ i ~ input ) interval _ num BEST12, 12. ratioGDP InvestPerCapita

RATIOFTTH_{CTINVEST - input interval . Aaum . BEST12. 12. ratioFtTN/lCTinvest

The purpose of the Neural Network node is to create a model according to which
inputs of the “leaders” are converted into the outputs. The created model then is stored in
the “Score!” node, and the predicted values of the outputs for “majority,” created based
on the NN’s model, then could be retrieved from the “Distribution Explorer” node.
Screen shot depicting part of the predicted output, obtained from the “Distribution

Explorer,” is provided below.
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: ProductivityR afio] M1 TC] ratinGDPInvestPerCapital raticF i TWALTinvest] Hidder: H1=1 | Predicted: MI | Predicted: TC !
1 27 20411066433 4?042595557’ -0.998764732 11.704774368: 1.0333460364
2 | 6O9S3BESES 47169538109 D.8808447479 D.4951341433 33832941018 10951744549

3| e 174e2oes 2BSEINIIN 1 1177165029 10332949457
4 N 1234 71595234378 15160931, 3} 1. 11.711650256" 1.0332943487

~ 8 | 45391750577 21253093263 34994299495 -0.992908558 11.672175205 1.0335882475
& 11415841 584 L _ v47D1».758324_ £.0474538614. -0.933336334: 11. 711529847 1.03325351003
7 | 35227272727 20110309254  0.2455045833 0.8414268017 1.4611935675. 11034556327
B | 7528042 18483232973 Q1666916797 08377457471, 14815844809 11093033855
9 | 7789363845 13991824731 01044207533 0.8528531588 1.3975677928: 11099262223
10| 1z 79419545052 65459539749 0999968538 11711475121 1.03329625

11| 11014157014 767.05862737 48583322334 0998866012 11705337819 1.03334185
12| 1057888341 - 5200837445 03093739185 0.8253595683. 15506387359 1.1087310569

13 | 17963353443 . 70038638712 0.37BG00314. 0.8003459539 16865280342 11077814022
14 20288028115{ o 73.0521913: Q.3248091Q69 081820583?1 1‘59045512?5 11084952145
15 | 25833472245 2300683357 03543133606 0.8037463319 16709450621 1.1078971833
16 | 20608900571 72727R 02340573563 08277501237 15373259423 11086899707
17| 45502482622 . 11677450024 0.3946194353 07730845254 18417379102 1.106628196

18 | 36081754736 - 10449203714 02538741084 0.8306563754 15211460488 1.1090101721
19 | 18314720812 3773266106 15884487672 1 11711650256 1.0332943487
20 | 23167183305 2223499786 10197379865 -0.999993987. 11.711650181 10332943433

Altogether, we have created six models, three for the 5-year period and three for
the 10-year period. For each period we have created the models with the predicted output
based on the, first, MI, second, MI and TC, and third, MI and TC measures of the
construct “TFP.” After that, the predicted values have been imported into Excel
spreadsheet and substituted into the original data sets for the “majority.”

After that, we have re-run the SEM analysis for each of the six datasets and
recorded the path coefficients and the t-values for the path from the construct “ICT
Capitalization” to the construct “TFP.” We then summarized the results in the form of a

table, which is presented below.
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Table 38 NN and DT: Path Coefficients and t-values of the relationship between
“TFP” for “majority,” based on the predicted measures

“ICT Capitalization” and

of “TFP”
MI MI and TC MI and EC

S years
Path 0.141 0.113 0.250
t-value 1.6363 1.2619 4.7536

10 years
Path 0.615 0.615 0.607
t-value 8.6325 7.8834 8.1683

Based on the results of the NN analysis we can conclude, that the “majority” is
capable, even with the unchanged levels of the input, of displaying statistically significant
relationship between the construct “ICT Capitalization” and “TFP.” The prerequisite for
this, however, would be the improvement of the process of converting the inputs, in the
form of the measures of the construct “ICT Capitalization,”  into the outputs, as

represented by the measures of the construct “TFP.”

7.7.3 NN and DT Analyses: Summary

Based on the results of the analysis we could conclude that there exists a
difference between the “majority” and the “leaders” in terms of the inputs (measures of
the construct “ICT Capitalization”). Moreover, we also can conclude there exists a
difference between the how “majority” and the “leaders” convert the inputs into the

outputs (measures of the construct “TFP”).
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However, it would appear that the reason why the “majority” does not exhibit

statistically significant relationship between the constructs “ICT Capitalization” and
“TFP” lies not in the insufficiently low levels of the inputs, but rather in the inefficiency
of the process by which the inputs are converted into the outputs. Thus, the “majority”
would likely benefit more not from the increasing the levels of the inputs, but from the
increasing the efficiency and effectiveness of the utilization of the current level of the

inputs.
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CHAPTER 8 Summary and Conclusion

In the last chapter of this paper, we discuss the theoretical and methodological
contributions of our study. We as well comment on the key findings of our research, and
the practical implications of the main findings. In conclusion, we discuss the limitations

of this study and provide some directions for the future research.

8.1 Contribution of the study

8.1.1 Theoretical Contribution

The Neoclassical Growth Accounting framework and Theory of Complementarity
provided a theoretical foundation for this study. By applying these two theories to the
context of the economies in transition, we were able to test them in the underresearched
setting and corroborate their validity. Thus, the first theoretical contribution of this study
refers to the strengthening of the Neoclassical Growth Accounting framework and
Theory of Complementarity by means of corroborating their validity in the setting of the

Economies in Transition.
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In this paper, we also proposed and tested a prototype of the theoretical

framework that we called “ICT Investment Success.” Despite the incompleteness of the
developed in this study model, we believe that it could serve as a platform for the
development of a more comprehensive theoretical model relating the investments 1 ICT
and TFP. As a result, the second theoretical contribution of this study refers to the
proposing and testing of the theoretical model; albeit in the preliminary stage of its
development.

Additionally, we have suggested an approach, implemented as our seven-step
methodology, to the data analysis in the absence of theory. It is often the case that in the
situations of high complexity, especially when a researcher inquires into an
interdisciplinary problem, no comprehensive theory is available to guide the analysis of
the data. Our research proposes, albeit implicitly, and demonstrates the sketch of the
theoretical framework of the data analysis in such circumstance. Let us recall that the
ultimate goal of our research was to outline a theoretical framework linking the
investments in ICT to the TFP. However, to our knowledge there is no theory purpose of
which is to guide a theory development. This research, by demonstrating rigorous
approach to the theory development, suggests the answer to the question ‘What 1s the
theory of theory building?” Consequently, we consider the suggested by this study
framework of ‘theory building in the absence of guiding theory’ to be the third theoretical

contribution of our study.
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8.1.2 Methodological Contribution

It 1s our belief that in addition to the theoretical contributions, this study also
makes some important methodological contributions.

We consider used in this study what could be called as a ‘multi-method
methodology of data analysis’ to be the most important methodological contribution of
our research. The outcome of this contribution is an approach that is structured, rigorous,
and consistent. Our multi-method approach allows for the reliable data analysis where
each finding is cross-validated by multiple methods. Moreover, the analysis of the data
performed in accordance with our multi-method methodology is self-sufficient; for while
corroborating the results of the other studies it does not depend on them. Furthermore, the
use of such multi-method methodology increases internal reliability and external validity
of the findings, allowing for a higher level of confidence in the results of the data
analysis. Next, in addition to what we consider to be our primary contribution in this
area, we would like to discuss some other methodological contributions of this research.

First, our data analysis followed a seven-step approach, where the output of each
step, in the form of the results, was used as an input to a next step. As a result, we were
able to propose and test what we call a ‘sequential methodology,” which is systematic,
reliable and based on the widely accepted data analytic methods. Thus, the other

methodological contribution of this study is the proposed methodology that utilizes a



358
sequential use of methods; this methodology was successfully applied and tested in the

context of the real-world data.

Second, by using fairly large variety of methods we are able to provide the
multiple “entry points” into our study, in the form of the findings and insights obtained
by each method. Consequently, this research could be accessed from the perspective of
any of the six methods that we used in the study, which allows for easier incorporation of
the results of our study into the nomological network of the existing body of knowledge.

Third, in our research we were able to incorporzite and use side-by-side parametric
and non-parametric methods, which allowed us to consistently relate the available to us
data to the theory. Use of non-parametric methods allowed us to minimize the
assumptions about our sample data, while use of parametric methods allowed us to place
the findings obtained by non-parametric methods in the theoretical context.

Despite that usually use of non-parametric methods in a study does not allow the
researchers to test the theory, by incorporating parametric and non-parametric methods
- we were able to do so. We suggest that such combination of methods could allow the
researchers to lessen their reliance on the assumptions about the data, while increasing
their confidence about the actual relationships that exist within the sample of the study.
Such side-by-side mcorporation of the parametric and non-parametric methods allowed
us almost simultaneously test the theory against the data sample.

Fourth, we have proposed and tested the approach allowing for relating the
investments in ICT to TFP. As a result, we have demonstrated one possible way of

dealing with the “endogeneity problem,” which could be applied in similar situations.
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Fifth, we have demonstrated a possibility of creating a structural equation model

where each of the measures that represent each of the model’s construct is represented
objectively. Meaning, to represent each measure we use a commonly accepted indicators
obtained from the public sources, which have been used extensively across multiple
fields of scientific inquiry and practice. Thus, such representation of our constructs makes
it easier for fitting of our model into the nomological network and relating the results of
the study across the different fields of study, such as economics, public policy, finance,
etc.

Moreover, we have demonstrated that the use of Cluster Analysis prior to DEA
allows for testing of the one of the important assumptions of the DEA method: functional
similarity of DMUSs. The results of the CA in our study suggest that such assumption
should not be taken for granted, but rather tested for.

Another contribution of this research is that we suggested a way by which the DT
analysis could be used to inquire into the differences between the efficient and inefficient
DMUs in the case of the heterogeneity of the sample. As a result, a nature of the
efficiency of a DMU could be investigated with higher degree of precision by allowing
considering the important differeﬁces between the DMUs in the sample.

Finally, in our study we have employed a multiple confirmation of the results,
where each finding is corroborated by multiple methods. For example, lower
effectiveness of the “majority” is confirmed by DEA and NN analysis, a finding

regarding a higher economic development of the “leaders” supported by both Cluster and
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DT analyses. Thus, such approach allows us to have a higher level of confidence in the

validity and reliability of the results of the study.

8.1.3 Key Findings

In this section of the conclusion, we describe the major findings of our research.
We present the results in order that they were obtained, following the steps of our

methodology.

Step 1: Cluster Analysis

The first finding of our study involves use of CA, which allowed us to identify
two distinct groups of TEs in our sample. One of the clusters, which we named “leaders,”
contained such countries as Poland, Czech Republic, Hungary and Slovenia, while
another cluster, “majority,” was represented by Albania, Armenia, Kyrgyz Republic,
Kazakhstan, Moldova and others. Another interesting findings provided by CA was that
unlike the countries listed above, which ‘reside’ within the identified clusters
permanently, there is a group of the TEs which ‘migrate’ from cluster to cluster. The
membership of ‘migrants’ depends on a year, for example, for a 10-year period from
1993 to 2002 following countries have changed memberships:

e Bulgaria resides in “leaders” for 2002, while being in “majority” the rest

of the time
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e Latvia occupies the “majority” cluster for 1993 and 1996,while being
among the “leaders” the rest of the time
e Lithuania has a changing point in year 1999, during which this TE
migrates from the “majority” cluster, where it resided for the period from
1993 to 1998, to the “leaders,” where it stays from 1999 to 2002
e Slovak Republic despite having the “leaders” membership for the most of
the years, has the ‘regressive’ points in 1993, 1994, and 1999, where this
TE shares the cluster with the “majority.”
This allows us to suggest that despite being labeled by the same term, Transition
Economies, some of the countries differ quite significantly from each other, while for
others differences are less pronounced.
In terms of the major differences between the “majority” and the “leaders,” splits
produced by CA suggest that the Annual Telecom investment and Total Telecom

Services Revenue are two of the criteria along which the two clusters differ most.

Step 2: Decision Tree Analysis

The second finding of our study was obtained by using DT analysis; this method
allowed us to inquire into some of the differences between the two clusters identified by
CA. The goal of the analysis was identifying some of the characteristics of the “leaders”
and the “majority.”

Based on the results of the analysis we can conclude that on average “leaders”

differ from the “majority” in the following areas:
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A. economic wealth, where the “leaders have a higher GDP per capita than the

“majority”
B. health care, where the “leaders” have higher level of health expenditure than the
most of the “majority”
C. ICT-related infrastructure and its utilization, where the “leaders” have:
a. larger number of mobile phones,
b. greater number of telephone mainlines than “majority” and
c. greater percentage of the internet users among the population.
D. investments in ICT, where the “leaders” have consistently higher level of annual
telecom investment
E. education, where the “leaders” have greater number of teachers per pupil in the
system of primary education
F. overall education level of the labor force, where the “leaders” have greater
percentage of the total labor force employed as R&D technicians
G. communication with the international community, where the “leaders” have
higher level of expenditures on international tourism, as well as higher level of
international telecom traffic, than the “majority.”
H. militarization, where the “leaders” have lower than the “majority”:
A. level of military expenditure
B. percentage of the labor force serving in military.
Undoubtedly, based on the results of DT analysis we can conclude that the

“leaders” appears to be wealthier than the “majority.” Consequently, while the case for



363
the “migrant’ countries that change the cluster memberships is not clear cut, we should be

able to confidently state that for ‘permanent residents’ of the clusters the results should
hold true. Therefore, based on the results of the DT analysis, we can conclude that such
“leaders” as Poland, Czech Republic, Hungary and Slovenia appear to be wealthier in
general, having better infrastructure and smaller armies than representing “majority”

Albania, Armenia, Kyrgyz Republic, Kazakhstan, Moldova and Ukraine.

Step 3: Data Envelopment Analysis

The third finding of our study was obtained by means of using DEA. We were
able to determine that the “leaders” are more efficient than the “majority” not only in
terms of the production of the output, but also in terms of the utilization of the inputs. For
example, according to the results provided by the input-oriented model (utilizing Farrell
Input-Saving Measure of efficiency) the “leaders” are 7.5% to 12.5% more efficient than
the “majority” over the 10-year period from 1993 to 2002.

As for the output-oriented model (utilizing Farrell Output-Oriented Measure of
efficiency), the results indicate that the gap between the two groups of TES is even
larger, for the “leaders” are 11% to 16.5% more efficient than the “majority” over the 10-
year period from 1993 to 2002. The interpretation of the findings is straightforward: the
“leaders” are not only more efficient than the “majority” in term of utilization of the
inputs (i.e., investments, available infrastructure, etc.), but are also much more effective

in terms of the transformation of the inputs into the outputs.
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Moreover, similar comparison of the values of the Malmquist index demonstrate
that the gap in performance, expressed as a change in MI, widens on average at the rate
of 1.8% over 10-year period of time for output-orientation. In terms of the input-
orientation, the gap would appear to be diminishing, albeit at such low rate of 0.13% that
the “majority” would not be able to close on the “leaders” any time soon.

We could summarize the findings of DEA as follows: while the “leaders” are
already more efficient and even more effective than the “majority,” additionally, there are
strong indications of the divergence between the two groups of TEs. Consequently, if the
countries like Albania, Armenia, Kyrgyz Republic, Kazakhstan, Moldova and Ukraine
want to get close in terms of the performance to the countries like Poland, Czech
Republic, Hungary and Slovenia, they need to increase their efficiency and effectiveness

at a higher rate than they do now.

Step 4: Decision Tree Analysis

The fourth finding of our research was obtained by DT analysis, when we decided
to find out what are the characteristics that determine the efficiency of the “leaders” and
the “majority.” We have discovered that in the case of the “leaders” efficiency could be
obtained by means of increasing the magnitude of the ratio of the revenues from telecoms
to the investments in telecoms. [n terms of the “majority,” however, situation is slightly
different, for increase in efficiency comes from the increase in revenues from the telecom
investments. Thus, the increase in the efficiency of such countries as Poland, Czech

Republic, Hungary and Slovenia comes from the balanced increase in revenues and
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investments, while TEs as Albania, Armenia, Kyrgyz Republic, Kazakhstan, Moldova

and Ukraine could increase their efficiency simply by maximizing the revenues provided

by the telecoms.

Step 5: Translog Function
The fifth finding of our study involved the use of the translog function. We have
determined that there exists a statistically significant interaction effect between the
investments in ICT and other variables, representing a state of labor, as well as
representing a state of the investments. As a result, we were able to establish a following
two sets of the investments that are complementary to the investments in ICT:
A. Labor
- Researchers in R&D (% of total labor force),
- Technicians in R&D (% of total labor force) ,
- Full-time telecommunication staff(% of total labor force),
- Military personnel (% of total labor force),
- Physicians (% of total labor force)
B. Investment:
- International tourism, expenditures (% of GDP in Current US §$),
- Foreign direct investment, net inflows (% of GDP), and GDP (current US$)
- Health expenditure, private (% of GDP in current US $)

We would like to present some of the possible interpretations of the findings in this part.
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For example, the number of the Researchers and Technicians involved in R&D

activities are not only representative of overall level of education of the labor force in a
given TE, it also could reflect a level of innovativeness present in the economy, as well as
be reflective of the overall economic wealth of the country.

It would appear that the number of physicians and the level of private health
expenditure are also suggestive of the overall wealth of the economy, for it would appear
reasonable that citizens of the wealthier countries would have higher level of private
spending on health, which also could possibly sustain the larger number of physicians.
Additionally, it is clearly suggestive of the level of health care in a given TE, as well as
the level of education that is ultimately responsible for the number of physicians.

The estimate values of 3 for the interaction term between Annual Telecom
Investment and Full-time Telecom Staff change the signs (the first one from negative to
positive in three 5-year data sets, and the second one from negative, in 5-year data set, to
positive in 10-year data set) depending on the data set used in analysis. This change in
direction of the effect suggests that the different levels of these variables could produce
different types of the effects, thus suggesting the presence of the threshold effect. First
and foremost this suggests that some form of the balance must be found between the
number of the Full-time telecommunication workers and the level of their productivity.

Finally, expenditures on International tourism and the inflow of FDI are indicative
of, first, international openness of the country, second, attractiveness of the economy to
the foreign investors, and, third, the level of wealth of the economy, which translates into

the levels of the disposable income of the individual citizens.
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Overall, the results of the Translog analysis suggest that there are three ‘grand’

factors at play that manifest themselves in the form of complementary to ICT
investments. The first factor is the overall wealth and health of the economy. The second
factor is the wealth and health of the social capital, manifesting itself as the level of
health care and education. Finally, socio-cultural and economic openness of a given
economy could be proposed as a third ‘grand’ factor affecting the investments in [CT in

the context of TEs.

Step 6: Structural Equation Modeling with Partial Least Squares

The sixth finding of our study was obtained through the use of SEM implemented
with PLS.
Let us recall that our research model consists of five constructs, TFP, ICT Capitalization,
ICT Diffusion, ICT Utilization, Health of Economy, and Militarization. In our model,
ICT Capitalization is affected by ICT Diffusion and ICT Utilization, and ICT Diffusion is
affected by Health of Economy, and Militarization. We tested the model using the data
corresponding to three time periods: first 5 years (1994-1998), second 5 years (1998-
2002) and complete period from 1994 to 2002. Because MI represents the change that
took place, in the case of this research, within a year, first data point, 1993, was not used.

For the purposes of this research the most important path that was tested in the
one between “ICT Capitalization” and “TFP,” because this path represents the

relationship between the investments in ICT and unexplained growth, a.k.a, TFP, Solow’s
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residual, Multifactor productivity. We have represented the construct “TFP” in three

different ways.

First, we tested the model when “TFP” was reflected by a single measure, M1. We
were able to establish the presence of the relationship between the two constructs of our
conceptual model, “ICT Capitalization” and “TFP” for the “leaders” group of our sample.
The construct “ICT Capitalization” was represented by the three ratio measures, all of
which contain variable “Annual investment in telecom” in the denominator, while the
construct “TFP” was represented by the Malmquist Index. Thus, it allows us to state that
we have established the presence of the relationship between the investments in ICT and
TFP for such members of the “leaders” as Poland, Czech Republic, Hungary and
Slovenia, and, of course, for all of the ‘migrants’ for those years that they enjoyed
membership in the “leaders” cluster.

This model, however useful for establishing relationship between “ICT
Capitalization” and “TFP,” does not really help us to determine whether this relationship
attributable to the TC or EC component of MI. This is extremely important, for TC
represents the movement of the efficiency frontier, while EC represent the movement
relative to the efficiency frontier.

Consequently, we have tested the second model where the construct “TFP” was
represented by the two measures, MI and TC. Use of these measures allowed us to bias
the representation of the “TFP” in the direction of the TC. Let us recall, that TC
component of MI represents the change attributable to the change in technology. We

were able to determine the presence of the statistically significant relationship between
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the two constructs for the both groups of TEs. The interpretation of this finding 1s quite

simple, what it means is that every country out of 18 in our sample by investing in ICT
could benefit from the associated with this investment technological change. However,
this model still does not allow us to find out whether or not investments in ICT are
associated with the EC component of MI.

Thus, we tested the third model, where the construct “TFP” was represented by
the two measures, MI and EC. Similarly to the second model, by using these measures we
were able to bias the representation of the “TFP,” in this case in the direction of the EC.
After we tested the third model, we were able to establish the presence of the relationship
between the “ICT Capitalization” and “TFP” for the “leaders” group of our sample, but
not for the “majority.” Again, interpretation of this finding is relatively straightforward,
for it means that such TEs as, for example, Albania, Armenia, Kyrgyz Republic,
Kazakhstan, Moldova and Ukraine, do not translate their investments in ICT into the
increased efficiency. Meaning, all that the members of the “majority” get in return for
investihg in ICT is a better technology, which, sadly, does not really affect their
efficiency of utilizing the obtained technology.

Moreover, we were also able to establish the presence of the relationship between
“ICT Capitalization” and “ICT Diffusion” for the “majority.” One of the possible
interpretations of this finding is that the investments in ICT for the “majority” are
affected by the state of the ICT-related infrastructure, where the expansion of the
infrastructure fuels the investments. While this relationship is significant for the

“majority” for all three periods, for the “leaders” this relationship turned out to be



370
significant only for the first 5-year period from 1994 to 1998. What it possibly suggests,

is that the “leaders” used to mvest in ICT in order to build up the infrastructure, but now
this period is over and some other factor fuels the investments in ICT for such countries
as Poland, Czech Republic, Hungary and Slovenia.

The very similar picture was obtained when we tested the strength of the path
between “ICT Capitalization” and “ICT Utilization.” It turned out that for the “majority”
the relationship is significant for all of the three periods, while for the “leaders” this
relationship turned out to be significant only for the fist S-year period from 1994 t01998.
One of the possible interpretations of this finding is that the investments in ICT could be
fueled by the demand in the utilization of the ICT-related infrastructure. While for the
“majority” investments in [CT are still driven by the expansion in infrastructure and high
demand on the utilization of the infrastructure, this is no longer so for the “leaders.” It
could be suggested that starting from year 1998 and on the “leaders” acquired enough of
the infrastructure and a sufficient enough level of the utilization of that infrastructure that
these two factors no longer drive the investments in ICT.

Finally, the relationships between the “ICT Diffusion,” “Health of Economy,” and
“Militarization” turned out to be statistically significant for both groﬁps of the TEs.
However, this finding is of special importance to the “majority,” for their investments in

ICT are still driven by the expanding [CT infrastructure.

Step 7: Decision Tree Analysis and Neural Networks
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The seventh finding of our study was obtained by using DT an NN analyses. We

were interested in gaining the insights into the nature of the differences due to which the
“leaders” exhibit the presence of the statistically significant relationship between the
investments in ICT and TFP, while the “majority” does not.

In order to do so, we conducted our mnquiry in two phases. First, we used DT to
find out whether or not the “leaders” differ from the “majority” in terms of the inputs,
which are in our case the indicators reflecting the construct “ICT Capitalization.”.

By using DT analysis, we were able to determine that one of the reasons why the
“leaders” exhibit the statistically significant relationship between the investments in ICT
and TFP is that given the same level of the investment, “leaders” have less telecom
employees than the “majority.” Alternatively, conversely, we can interpret it as that the
“leaders” invest in ICT more, per telecom worker, then the “majority.” Furthermore, we
were able to establish that over 60% of the “majority” invest less in telecoms per capita
than the “leaders.” Consequently, based on the results of DT analysis we were able to
conclude that the “leaders” do differ from the “majority” in terms of the inputs.

The second phase of our inquiry was directed at the determining whether or not
the process by which the “leaders” convert the inputs into the outputs is significantly
different from the process used by the “majority.” We designated two types of the outputs
representing the construct “TFP,” first, MI and TC, and second, MI and EC. Then we
used NN analysis to create a model of the process of the transformation that was based on

the “leaders.” Next, we have used the process of the “leaders” to predict the outputs given
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the inputs of the “majority.” The predicted outputs of the “majority” were then

substituted instead of the actual outputs and then used in SEM with PLS analysis.

The results have demonstrated that the “majority” exhibit statistically significant
relationship between the constructs “ICT Capitalization” and “TFP,” when “TFP” is
represented by the predicted measures. Thus, we were able to conclude that the
“majority” 1s capable, even with the unchanged levels of the inputs, of displaying
statistically significant relationship between the constructs “ICT Capitalization” and
“TFP.” The prerequisite for this, however, would be the improvement of the process of
converting the inputs into the outputs. We propose calling the process of conversion of
the inputs into the outputs a “Transformative Capacity” of the TE.

At this point, we can only conjecture what some of the determinants of the
transformative capacity are. However, based on the conducted research we could suggest
some of the factors that possibly affect it. For example, one of the factors that we propose
could be affecting the transformative capacity is the level of socio-cultural and economic
openness of the country. This factor provides a necessary level of exposure and
familiarity with what the “latest and greatest” in ICT has to offer. This factor, of course,
must be complemented by the actual availability of the “latest and greatest” that
manifests itself in the form of the, in the case of our research model, construct “ICT
Diffusion.”

Another factor that we suggest could be playing a role in the transformative
capacity of the TEs is the level of socio-cultural and economic innovativeness. This

factor, we conjecture, is required for the economy to try and eventually to adopt the
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“latest and greatest” that ICT has to offer. We would like to suggest that this factor must

be complemented by the actual utilization of the “latest and greatest” in the form of the
factor “ICT Utilization.”

Overall, however, we conjecture that the actual process of transformation of
inputs into the outputs follows the structure of the Technology Acceptance Model
(TAM), where in order to become adopted technology must be perceived by the users as
being easy to use and useful. In our case the perception of “ease of use” takes form of the
ubiquity of the technology, which is affected by the suggested above level of socio-
cultural and economic innovativeness, while usability of the technology, or at least the
percebtion of the usability, is influenced by the proposed level of socio-cultural and
economic innovativeness.

It would appear reasonable to think that despite the purpose of our model is to
depict the relationship between the investments in ICT and TFP on the macroeconomic
level, the actual process of transformation of the inputs takes place on the microeconomic
level, namely, on the level of the individual users. Consequently, despite the possibility
of depicting the transformative capacity on the global level, we suggest using the ‘nested’
approach, where our macroeconomic model incorporates the microeconomic model in the
form of TAM, or TAM-like model.

We believe that such incorporation of the widely known and used model could
provide the multiple benefits that we would be happy to discuss in our future research. As
for now, our updated research model, with the incorporated model of the transformative

capacity, is depicted in the Figure 23 below.
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At this point, we would like to discuss some of the implications of the key

findings for the policy makers.
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8.1.4 Implications for Policy Makers

In this section of the conclusion, we discuss how the findings of our study might
be of use to the policy makers.

First, the results of our study have demonstrated that the TEs should not be
perceived as a homogenous group of economies. Consequently, a policy maker working
in the area of the investments in ICT should be well served by identifying a subset of the
TEs within which a given economy falls. It would be unwise to gauge the performance of
the economy in comparison to the dissimilar group of TEs.

Second, we have established that the economies in transition are not static in
terms of their performance. Meaning, some of the TEs change their membership from
being part of the “majority” cluster to being part of the “leaders.” Obviously, the reverse
process is possible as well. Consequently, the policy makers for the “majority” should be
pursuing the goal of not becoming the “best of the majority,” but rather attempting to
become a part of the “leaders.”

Third, the results of the DEA suggest that performance of the TEs depends not
only on the ability to effectively produce outputs, but as well on the ability to efficiently
utilize the inputs. As a result, a policy maker would be well served by making sure that
increase in performance of a TE does not come solely from the increase in the level of

inputs.
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Fourth, a policy maker should be aware of the presence of the complementary to

ICT investments. Consequently, any policy maker in the area of ICT must take a broader
perspective on the state of the investments in a given TE. From this vantage point the
investments, revenues, and the level of performance of ICT should not be evaluated apart
from the state of the complementary investments in other areas of the economy.

Fifth, when investing in ICT a policy maker should aware of the various drivers
that affect the investments. For example, we have discussed that at the early stages the
investments in ICT could be driven by the demand in infrastructure, then by the demand
in utilization of the infrastructure, and so on. A policy maker would benefit from
considering and identifying a specific driver, or drivers, that fuel the investments in ICT
at the given time.

Sixth, the results of our study suggest the presence of the threshold number of the
full-time telecom workers per given level of the investments. Consequently, while
investing in ICT a policy maker should consider whether to correspondingly increase the
number of the full-time telecom staff, or to increase the level of productivity of the
current number. It would appear that the pattern is cyclical, for at some point increase in
the investment in ICT must correspond with the increase in the number of telecom
employees, and then with the increase in productivity of the employees until the certain
threshold value is reached. After that point, the investment in ICT must be again
accompanied by the increase in the number of the full-time telecom workers, and so on.

Seventh, the policy makers could benefit from identifying and explicitly stating

whether the goal of the investments is maximization of the outputs, or the efficient use of
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the inputs. The results of DEA suggest that the expected outcome of the investments in

ICT should be gauged against the appropriate goal, for the results could vary
considerably depending on the orientation of the investments.

Finally, the results of NN analysis suggest that the policy makers in the less
advanced countries could benefit from benchmarking of the best practices from their
more successful counterparts, while, of course, taking into consideration the important

differences of their respective settings.

8.2 Limitations of the study

Despite the theoretical and methodological contributions offered by this study,
our research is not without its limitations. Among the commonly listed limitations of any
study are those that are associated with the methods of data analysis and the data used in
the study.

Fortunately, unlike a study that uses one or two data analytic methods, our muiti-
method approach is less reliant on a single statistical method, thus diminishing the
limitations of our study associated with a given method or data analytic technique. While
we are not suggesting that our research has no minor limitations in this area, we are
confident in our thinking that no finding in this study could be invalidated due to our over
reliance on a single assumption of any method that we used. The rationale for such
reasoning is that not one of the six methods used in this study serves as a cornerstone of

our multi-method approach.
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Due to large number of methods used in our study, we present a single exemplar,

demonstrating the limitations of one method, PLS, and its possible effect on our findings.
Despite the multiple advantages, PLS methodology has some limitations associated with-
the estimation of a research model. For example, PLS estimation procedure could
overestimate by up to 10 percent strengths of the measurement paths (the loadings of the
measures on the constructs), while underestimating the strengths of the structural paths
(the paths between the constructs) (Dijkstra 1983). While this is an inherent limitation of
the method, it does not affect our results, because even considering 10 percent decrease in
the values of the measurement paths the loadings of our items would end up being at or
above 0.8, which is still more than acceptable. In terms of the structural paths, however,
our study could only benefit from the underestimation provided by PLS; for what it
means that we were able to establish the presence of the relationship between the
constructs “TFP” and “ICT Capitalization” despite the underestimation, which only
makes our case for reliability of the findings stronger.

Unfortunately, despite all the benefits that our multi-method approach could
provide, we are defenseless against the problems associated with the quality of the
available data. We could identify two limitations associated with the data that precluded
us from obtaining better results.

The first limitation is the availability of the indicators in WDI Database and the
“Yearbook of IT.” Our original optimism, fueled by WDI Database’ listing of 630
available indicators, has waned rather quickly when we realized that it does not

necessarily implies presence of the data for the advertised indicators. For example, some
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of the most important indicators that we could have used for our study were not available

for the TEs. Then some of the other indicators were available for some of the TEs, but
not for the others. The same sentiment applies to the “Yearbook of IT,” where scores of
the important variables were not available for all of the countries in our sample. At this
point, it was becoming clear what some of the reasons are responsible for scarcity of the
research in the area associated with TEs. As a result, we were facing a dilemma: to
decrease the size of our sample and have more variables, or to keep the sample as large as
we could while being limited in the number of the available variables. We believe that in
the end we were able to find a balance allowing us to have large enough sample and
enough data to perform meaningful statistical analysis without sacrificing the power.
However, our research could have been greatly improved in terms of the findings if more
data were available to us.

The second limitation is the length of the time series that we use for this research.
It could be argued that 10-year period of time is not sufficiently long for the true patterns
of macroeconomic dynamics to play out and manifest themselves. We agree with this
contention and might even revisit the topic of this study in 10 years, when 20-year period
data becomes available. As for now, we must accept while getting the best out of what is
available, admitting, nevertheless, that our research could have been greatly improved in

terms of the findings if a longer time series data were available to us.



380
8.3 Directions for Future Research

Despite of the plethora of the results obtained during this study we consider that
the most interesting findings are still lie ahead. Thus, our research should be perceived
not as an end, but rather as the beginning of much wider and deeper inquiry into the
matter of the relationship between the investments in ICT and TFP.

The main thrust of the future research could be identified as the one directed at
the further development of the “ICT Investment Success Model,” a preliminary version
of which we developed and tested in this study. Earlier in this paper, we suggested the
possibility that the investments ICT could be driven by different factors during the
different phases of the economic development of the TEs. It would appear that at the
initial stages, the investments are driven by the expanding infrastructure and the
increasing demand associated with the utilization of the infrastructure by the users. Our
study suggested that this was the case for the “majority.” However, regarding the
“leaders” the case still remains open; for it is not clear what drives the investments in ICT
in their case. It would be interesting to take a closer look at this problem and to propose
some form of the “Drivers of the ICT Investment” model.

Next, we suggest that the proposed and tested in this study model shouid be
further tested in the different setting; it ‘would be interesting to test whether the
discovered relationship between the investments in ICT and TFP would hold in the

context of the developing or the least developed countries.
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Furthermore, we think that the proposed in this study model could be expanded to

include what could be called a “Quality of Life” construct. It would allow us to inquire
into how the level of personal wealth or, conversely, level of poverty, of the population
affects and is affected by the investments in ICT.

Another topic worth further résearching pertéins to the level of the impact of the
complementary investments on ICT. Interpretation of the interaction terms is not
straightforward, for the magnitude and the direction of the effect are dependent of the
levels of the variables in the interaction term. As a result, it is possible that the values of
the complementary investments would have some sort of threshold values. Thus, it is
important to determine at what point the benefits provided by the complementary
investments start to diminish.

Finally, we suggest that the proposed “Transformative Capacity” model is worth
further investigating, for it is important to inquire into the process and the mechanism by

which the investments in ICT are actually being transformed in the components of TFP.

8.4 Final Conclusion

Ever decreasing prices make the investments in ICT look more and more
attractive and increasingly affordable for the investors and policy makers alike. The
outcome of the investing in ICT, however, was not clear cut, for some economies were
able to benefit from the investments, while other economies were not. The goal of our

study was to investigate whether or not the investments in ICT relate to the changes in
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TFP in the context of the Economies in Transition. We were able to determine that such
relationship do exist, but only for the group of the countries that we named “leaders.”

The second objective of this study was to investigate whether or not the
investments in ICT have complementary effect with the other investments, capital- or
labor-related. We were able to demonstrate the existence of the subset of the investments
that appear to be complementary to the investments in ICT. Thus, it would appear that we
were able successfully accomplish the outlined goals.

Moreover, during the course of our inquiry we have obtained a large number of
findings and insights regarding the matter of the investments in ICT and the relationship
between the investments and macroeconomic growth. Despite the plethora of the results
provided by this study, we still consider the most interesting and important findings to lie
ahead.

We hope, therefore, that the results of our research would serve as a springboard
for the new studies to be conducted in this area, for the new vantage points to be

considered and new insight to be gained.
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