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The new stage of the market-based economy is more strongly and more directly rooted in the
production, distribution and use of knowledge. Knowledge creation and knowledge diffusion
are key driving forces in the economy and knowledge has become an economic resource in its
own right (Fischer and Atalik, 2002). Accordingly, firms are more and more interested in ab-
sorbing the advances in technological and organizational knowledge and in applying it in the
production process and organization of work. In this context, any discussion about knowledge
invariably leads to the question of the relationship between information and knowledge. Thus,
according to Fischer, the common understanding is that “information does not become
knowledge unless its value is enhanced through interpretation, organization, filtration, selec-
tion or engineering” (Fischer, 2002, p. 18). Moreover, nowadays the ICT revolution and the
knowledge-based economy are closely interrelated. The convergence of computing, informa-
tion and telecommunication technologies has changed the conditions for the production and
dissemination of knowledge and its connection with the production system as well. New flexi-
ble information and communication technologies such as internet, web, intranet, extranet,
data warehousing and data mining, as well as collaborative groupware technologies are re-
sponsible for the major changes in current abilities to handle data and information, to codify

knowledge and to transmit codified knowledge (Fischer, 2006).

he ICT “revolution”

There are many different definitions of
information and communications technolo-
gies in the economic literature and business.
They have been accompanied by numerous
discussions about the relations between in-
formation technology, information and com-
munication technology, information systems,
and electronic commerce technology as well.
The World Bank Group defines information
and communications technologies (ICT) to
consist of hardware, software, networks, and
media for collection, storage, processing
transmission, and presentation of information
in the form of voice, data, text, and images.
They range from the telephone, radio and
television to the Internet (World Bank, 2003a
and 2003Db).

With relatively low usage costs and the abil-
ity to overcome distance, ICTs have revolu-
tionized the transfer of information, knowl-
edge and technology around the world. There
has been a series of recent studies showing
that both ICT production and ICT usage have
contributed to economic growth (Chen and
Dahlman (2004), Pilat and Lee (2001),

Jorgenson and Stiroh (2000), Oliner and Si-
chel (2000), Whelan (2000).)

ICT infrastructure in an economy refers to
the accessibility, reliability and efficiency of
computers, phones, television and radio sets,
and the various networks that link them. Any
improvement or rise in the level of the econ-
omy’s ICT infrastructure increases the effi-
ciency in the utilization of the existing tech-
nology and enhances the production of inno-
vation and discoveries. ICT usage also in-
creases the rate of human capital accumula-
tion because it enlarges the access to existing
knowledge and information (World Bank,
2003b).

The fast grows in capital spending on infor-
mation technology and its impact on many
different aspects of economy has been dis-
cussed with the help of the conceptual models
(Davenport and Prusack, 1997). However,
only recently empirical studies about the rela-
tion between information technology and eco-
nomic performance have been performed. A
review study of these empirically grounded
models was presented by Dedrick, Gurbaxani,
and Kraemer (2003), who found that informa-
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tion technology has a positive and significant
impact on labour productivity and economic
growth. Fuglseth and Gronhaug (1994)
pointed that humans are the basic element in
every information system and if employees do
not use new information technology in their
work processes then the investments should
not be made.

A methodology for international compari-
sons in the knowledge economy
Information and communications technolo-
gies represent an effective tool for promoting
economic growth and sustainable develop-
ment and in recent years have also been rec-
ognized as the backbone of the knowledge
economy (World Bank, 2004). The ICT is
considered to be one of the four pillars of the
knowledge economy (Chen and Dahlman,
2005):

1. Economic Incentive Regime is referring to
the economic and institutional conditions that
provide incentives for the efficient use of ex-
isting and new knowledge and the flourishing
of entrepreneurship.

2. Education: an educated and skilled popu-
lation can create, share, and use knowledge
well.

3. Innovation: an efficient innovation system
of firms, research centers, universities, con-
sultants and other organizations can tap into
the growing stock of global knowledge, as-
similate and adapt it to local needs, and cre-
ate new technology.

4. Information Communications & Tech-
nology is important because a dynamic in-
formation infrastructure can facilitate the ef-
fective communication, dissemination, and
processing of information.

The World Bank Institute has developed a
Knowledge Assessment Methodology- KAM
which benchmarks the knowledge economy
performance of an economy or region rela-
tive to its neighbors, competitors, or coun-
tries. This tool helps to highlight countries
progresses and to guide the development of
explicit strategies to harness knowledge to
improve growth, welfare and increase com-
petitiveness. It wishes to emulate on impor-
tant aspects related to the knowledge econ-
omy.

ICT is an important part of the Knowledge
Economy Index (KEI) —a composite index
which is a measurement of knowledge pre-
paredness of a country and allows for
benchmarking and comparison of regions
and/or countries based on their aggregate
performance; it is derived by the Knowledge
Assessment Methodology (World Bank,
2004), based on the average of the perform-
ance scores of a country or region in 76 vari-
ables relevant for a country preparedness for
the knowledge economy. The set of 76 vari-
ables serve as proxies for the conditions that
are critical to the development of a knowl-
edge economy and is structured in 7 groups:
performance indicators (6 variables), eco-
nomic regime (7), governance (6), education
and human resources (15), innovation system
(19), information infrastructure (12), gender
equality (5).

As working with a large set of 76 variables
can be difficult, a simplified "basic score-
card" of 12 variables has been developed :
average annual GDP growth (%), Human
Development Index, tariff and non-tariff bar-
riers, regulatory quality, rule of law, adult lit-
eracy rate (% age 15 and above), secondary
enrolment, tertiary enrolment, researchers in
R&D, per million population, patent applica-
tions granted by the USPTO, per million
population, scientific and technical journal
articles, per million population, telephones
per 1,000 persons, (telephone mainlines +
mobile phones), computers per 1,000 per-
sons, Internet users per 10,000 persons.

The data are collected from World Bank
datasets and international literature for 76
variables and 121 countries. Ranks are allo-
cated to countries based on the absolute val-
ues (raw data) that describe each one of the
76 variables (rank u). The rank equals 1 for a
country that performs the best (it has the
highest score) among the 121 countries in the
sample for a particular variable. The rank
equals to 2 for a country that performs sec-
ond best, and so on. Countries with the same
performance are allocated the same rank. For
each country, the number of countries with
worse rank (Nw) is calculated. The following
formula is used in order to normalize the
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scores for every country on every variable
according to their ranking and in relation to
the total number of countries in the sample
(Nc) with available data:
Normalized (u) = 10*(Nw/Nc)

The above formula allocates a normalized
score from 0-10 for each of the 121 countries
with available data on the 76 variables, 10
being the top score and 0 the worst. The top
10% of performers gets a normalized score
between 9 and 10, the second best 10% gets
allocated normalized scores between 8 and 9
and so on. As mentioned before, more than
one country may be allocated either the top
or worst of normalized scores. The 0-10 scale
describes the performance of each country on
each variable, relatively to the performance
of the rest of the country sample. The results
are presented in the next section.

The case of Romania in international con-
text

Applying the methodology previously de-
scribed, the normalized scores for the four
pillars of the Knowledge Economy Index

(KET) were selected for a number of 20 coun-
tries, Romania included. The results are dis-
played in Table 1. One can easily notice that
Romania holds a backward position not only
in comparison with the US and Japan but
also compared to the EU countries and, to a
great extent, to Russian Federation (Romania
has a higher score than the Russian Federa-
tion only for economic incentive regime).

In 2005 the KEI for Romania is slightly be-
low the world’s average (5.37 as against
5.59), the only pillar with a better score than
the world’s average being education (5.94 as
against 4.13). With a KEI in the 5 - 6 inter-
val, Romania has the worst performance
among the EU new member states: Bulgaria
apart (situated in the 6 — 7 interval), all other
new member states are situated in the 7 — 8
interval, where countries like Spain, Italy and
Greece are also placed. The results also con-
firm the leading position of Denmark and
Finland which are, according to various in-
ternational statistics (e.g. WEF, IMD),
among world’s leaders in terms of economic
competitiveness as well.

Table 1. The Knowledge Economy Index (KEI) and the four pillars of the knowledge econ-

omy by country
Country KEI Economic Incentive Re- Innovation Education ICT
gime
2005 1995 2 0 0 5 L 9 9 5 2005 1995 2005 1995 2005 1995
Denmark  9.23 9.08 8.82 8.54 9.42 925 920 9.01 9.48 933
Finland 9.12 9.21 8.79 8.46 9.71 9.56 9.16 9.15 8.84 9.6
United 8.74 9.13 8.26 8.36 9.42 9.60 838 881 891 974
States
Netherlands 8.73 8.87 8.51 8.56 8.63 8.67 8.67 9.12 9.08 9.14
United 8.67 8.84 8.36 8.56 8.62 874 8.44 9.12 9.25 8%
Kingdom
Switzerland 8.65 8.88 8.61 8.51 9.41 944 742 8.04 9.16 95l
Germany  8.48 8.63 8.19 8.36 8.80 8.82 8.07 8.67 8.85 38.68
Japan 8.42 8.63 7.88 8.15 9.27 9.38 8.15 8.46 836 855
Belgium 8.28 8.51 7.98 7.98 8.52 850 865 930 797 828
France 8.21 8.52 7.81 7.83 8.46 8.66 844 896 8.13 862
Spain 7.93 7.93 7.88 8.45 775 7.34 841 8.40 7.69 755
Italy 7.66 7.61 7.07 7.25 7.14 7.53 7.84 7.77 8.58 788
CzechRe- 7.57 7.41 7.35 8.33 734 6.62 7.55 7.20 8.04 749
public
Hungary 7.28 6.78 7.40 5.84 7.10 6.84 7.60 7.35 7.04 707
Greece 7.11 7.29 7.15 7.27 6.95 6.78 7.52 7.54 6.82 157
Slovak Re- 7.10 6.80 7.15 6.79 6.84 6.66 6.85 6.81 7.56 695

public
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Poland 7.04 6.48 6.82 4.92 6.44 6.49 8.08 7.99 6.80 651
Bulgaria 6.13 6.31 4.79 5.17 6.12 6.75 7.41 7.01 621 629
Russian 5.98 5.85 2.70 1.84 7.52 7.87 7771 7.82 598 589
Federation
Romania  5.37 5.34 4.31 5.02 5.17 539 594 587 6.05 5.08
World 5.59 4.73 7.18 4.13 6.31

Source: World Bank.
* When data for 2005 were not available, data for 2004 were employed.

As regards the ICT Index at international
level, US and Finland are the world’s leaders
and Romania has a backward position, with a
normalized score slightly above 6 in 2005.
However, compared to the KEI, the ICT In-
dex suggests a better situation and a contribu-
tion to the KEI higher than the other compo-

nents.

An analytical view (Table 2) reveals the bet-
ter records for Romania in relative terms for
internet users per 1000 people, international
internet bandwidth, mobile phones per 1000
people and computers per 1000 people.

Table 2. ICT variables for Romania

Variable Romania

actual normalized
Tariff & Nontariff Barriers (0-5), 2006 3.50 2.56
Total Telephones per 1,000 People, 2004 673.50 591
Main Telephone Lines per 1000 People, 2004 202.40 5.38
Mobile Phones per 1,000 People, 2004 471.10 6.14
Computers per 1,000 People, 2004 113.00 5.87
Households with Television (%), 2004 86.60 4.39
Daily Newspapers per 1,000 People, 2000 n/a n/a
International Internet Bandwidth (bits per person), 2004 186.00 591
Internet Users per 1,000 People, 2004 207.50 6.36
Price Basket for Internet (US$ per month), 2003 26.40 4.17
Availability of e-Government Services (1-7), 2006 3.26 4.45
Extent of Business Internet Use (1-7), 2006 3.20 3.45
ICT Expenditure as % of GDP, 2005 3.61 1.89

Source: World Bank.

The basic scorecard for Romania, including
only 12 variables, as mentioned before, dem-
onstrates the country progresses in 2005 as
compared to 1995 (Table 3 and Figure 1) in
terms of GDP annual growth rate, tariff and
non-tarriff barriers, scientific and technologi-
cal journals and articles per 1 million people,
gross tertiary enrollment, total telephones per
1000 people, computers per 1000 people and
internet users per 1000 people — all as actual
values. Though, when the normalized score

is calculated, from the above mentioned indi-
cators the GDP annual growth rate and tariff
and non-tarriff barriers display a worse situa-
tion in 2005 as against 1995. For both actual
and normalized values the indicator “re-
searchers in R&D per 1 million people” re-
corded a serious drop in 2005 as against
1995, while the number of patents granted by
USPTO per 1 million people displays a lower
score in 2005, despite the slights increase in
actual terms.

Table. 3. The Basic Scorecard for Romania in 1995 and 2005

Variable

Annual GDP Growth (%)
Human Development Index
Tariff & Nontariff Barriers

Romania 2005 Romania 1995

actual normalized actual normalized
5.70 5.19 2.12 5.56
0.792 5.00 0.772 5.00
3.50 0.38 1.50 8.46
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Regulatory Quality
Rule of Law
Researchers in R&D / Mil. People
Scientific and Technical Journal Articles /
Mil. People
Patents Granted by USPTO / Mil. People
Adult Literacy Rate (% age 15 and above)
Gross Secondary Enrollment
Gross Tertiary Enrollment
Total Telephones per 1,000 People
Computers per 1,000 People
Internet Users per 1,000 People

0.17 5.56 -0.59 3.70
-0.29 5.56 -0.34 5.19
976.00 2.17 1343.52 4.35
45.53 4.07 28.55 3.33
0.34 3.70 0.10 4.81
97.30 1.48 97.60 2.40
85.10 2.69 77.90 231
40.20 4.62 18.00 1.15
673.50 4.44 131.30 3.33
113.00 5.22 13.20 4.00
207.50 5.93 0.70 4.81

Source: World Bank.

Annual GOP Growth (%) (5.19)

(5.93) Internet Users per 1,000 People

Huran Deyvelopment Index (5.00)
Tariff & Montariff Barriers (0.38)
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e of Lawy (5.58)

Researchers in RED FMil People (217
Scientific and Technical Journal Aricles /Wil People (4.07)

(3.700 Paterts Grarted by USPTO /Ml People

2005
T T T T 1995

Fig. 1. The Basic Scorecard for Romania in 1995 and 2005
Source: World Bank.

Conclusions

At present ICT is largely acknowledged as
the backbone of the knowledge economy, all
economic strategies addressing it as an effec-
tive solution for promoting economic growth
and sustainable development. Consequently,
at international level there is a great interest
in developing indicator systems and method-
ologies able to characterize the multiple di-
mensions of the knowledge economy and
ICT, as a background for underlying effec-
tive strategies and policies in these fields.
Starting from the data provided by the World
Bank statistics and using the World Bank In-
stitute methodology for Knowledge Econ-
omy Index and ICT Index, our paper has pre-
sented and discussed Romanian position and
progresses in ICT in a larger international
context.

The results point out a pretty weak position
of Romania, despites the progress recorded
especially in terms of scientific and techno-
logical journals and articles per 1 million

people, gross tertiary enrollment, total tele-
phones per 1000 people, computers per 1000
people and internet users per 1000 people.
The results also suggest the need of a particu-
lar emphasis on the R&D policy, considering
the completely unsatisfactory records for
very important indicators such as “research-
ers in R&D per 1 million people” and “the
number of patents granted by USPTO per 1
million people”.
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