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Abstract
Aim: The objective of this article is to make a brief presentation of the information infra-

structure as one of the four pillars of the knowledge-based economy (KBE). It also at-
tempts to construct (based on taxonomic methods and applying seven diagnostic variables) 
a synthetic measure for assessing the degree of the development of information infrastruc-

tures in 29 KBEs in the time period 1995–2010.
Motivation: The work structure is subordinated to the so defined objective and comprises 

the introduction, overview, measurement and analysis of the level of the development 
of information infrastructure in KBEs, and a brief summary.

Results: The results of the research obtained by the author allowed the creation of four 
rankings of the level of the development of information infrastructure in the 29 analysed 

KBEs and led to the formulation of the conclusion that in the time period 1995–2010 
the average level of the development of information infrastructure in the 29 economies 
grew steadily (with the highest values noted in highly developed KBEs), and the range 

of variability decreased significantly.
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1. Introduction

Within the KBE model the broadly understood knowledge must be easily ac-
cessible, properly stored, processed efficiently and quickly distributed so that 
it could reach the largest possible audience — states, local governments, com-
panies and various social groups. For this reason, it appears indispensable 
to base a KBE on a pillar in the form of a solid information infrastructure, being 
the driving force of the transformation of contemporary highly developed coun-
tries towards a new type of economy (Balcerzak, 2009, p. 71; Madrak-Gro-
chowska, 2013, pp. 361–362; Madrak-Grochowska, 2010, p. 44).

This innovative and comprehensive information platform is understood 
within the KBE concept as a set of modern equipment, extensive databases, 
varied and competing services delivered by specialised institutions whose pur-
pose is to provide effective communication as well as efficient processing, stor-
age and distribution of useful information to multiple entities, while following 
two basic principles, i.e., providing equal opportunities in access to knowledge, 
and protecting intellectual property (Brzozowska & Łatuszyńska, 2006, p. 137; 
Cleaver, 2003, p. 54). It is also noteworthy that this infrastructure includes 
not only advanced information and communication technologies (ICT), but 
also more traditional media. However, the most important is the fact that all 
of the mentioned herein elements of the information infrastructure consti-
tute a non-contestable basis for the other three pillars of KBE (i.e., economic 
and institutional stimuli, human capital, and innovation system) and act as a kind 
of ‘window on the world’ for information society being shaped under a new type 
of economy. The condition, quality and efficiency of the created information in-
frastructure determine the development and efficiency of all structures created 
within the KBE (Lubacz, 2001, pp. 39–40) and for that reason this infrastruc-
ture has become the subject of consideration of this article.

The objective of the present article is to make a brief presentation of the infor-
mation infrastructure occurring in the role of one of the four pillars of the KBE 
and to attempt to construct a synthetic measure for assessing the level of the de-
velopment of information infrastructure in 29 KBEs in the years 1995–2010. 
Moreover, it is the author’s intention to apply the resulting measure in the con-
struction of four rankings of the level of the development of information in-
frastructure in KBEs as well as to make space-time comparisons in the scope 
of the complex phenomenon under study.

2. The current state of knowledge

As clearly follows from research conducted to date, the issue of systematic 
monitoring of the level of the development of information infrastructure, 
both in the scope of progress made in achieving access to it and in the scope 
of the ability of companies and individuals within societies to use its potential 
in practice, is increasingly significant for effective state policies of achieving 
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a developed KBE. A system of twelve measures (table 1) used by the World Bank 
Institute within the framework of the KAM 2012 methodology1 proves very 
helpful in making a fair evaluation.

When making a synthetic evaluation of a group of measures presented 
in the table 1, it can be concluded that the design of an efficiently developing 
information infrastructure within a KBE in the first place requires undertaking 
many actions that are purely technical in nature. Among them it is necessary 
to intensify investments in infrastructure and in information and communica-
tion services whose aim would be the expansion of cellular networks and digital 
television, as well as the implementation of plans to ‘network’ fully the coun-
try and thus bring the broadband and relatively cheap Internet to all entities 
and sectors of the economy. The implementation of such a strategy would cer-
tainly be an unprecedented success for newly emerging KBE structures, be-
cause, as a consequence, there would be a significant increase in the Internet 
and new media use rate in schools, research institutions, healthcare facili-
ties, government offices and local government and in the broadly understood 
business (Płowiec, 2005, p. 23; Madrak-Grochowska, 2010, pp. 45–47). In 
addition, as a result of taking those actions the following areas of economic, 
social, and public activity could develop very quickly: e-commerce, e-banking, 
e-learning, and e-administration.

It must be remembered, however, that the basic requirement for the imple-
mentation of all of the above tasks is conducting an efficient process of the de-
monopolization of the IT and telecommunications sectors, and then increasing 
systematically the level of competitiveness of these sectors by liberalizing condi-
tions for market entry of new companies in the field of ICT, new providers of in-
novative products, services and ICT applications. It is also necessary to support 
the built information infrastructure with various regulatory actions, includ-
ing, in particular, the development of a flexible legal framework for new forms 
of economic and social activities (which arose as a result of the widespread use 
of advanced technologies) and the creation and enforcement of the protection 
of personal data, intellectual property, electronic circulation of documents, 
electronic signature, and preventing virtual crime (Madrak-Grochowska, 2013, 
pp. 361–362).

It seems, however, that the most important link in the process of building 
a solid information infrastructure as part of a KBE is a well-developed infor-
mation society, fully computerized and capable of utilizing ICT services in or-
der to generate a significant portion of the national income (Nowak, 2005, pp. 

1  The KAM 2012 methodology was developed under the World Bank Institute’s 
Knowledge for Development Programme (K4D) as a tool for comprehensive assessment 
of the strengths and weaknesses of the elements that build the different pillars of the KBE 
in a country as well as to make comparisons with other countries or groups of countries 
in regions. It is an instrument easy to use with a complex structure of up to 148 measures 
applied to estimate the Knowledge Economy Index that characterizes the level of develop-
ment of the KBE in 146 economies (World Bank, 2015b).
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39–40; Karlik, 2007, pp. 89–98). Obviously, the formation of the thus defined 
society within the new type of economy is closely related to general satisfaction 
of the needs of educating citizens (regardless of their age, sex, profession, origin 
and social status) in the field of efficient use of advanced technologies and mod-
ern sources of information (Ducatel et al., 1999, pp. 3–4; Cleaver, 2003, pp. 
61–63). Under a KBE it is even necessary, since, on the one hand, this type 
of action allows limiting dangerous consequences of the phenomenon of e-ex-
clusion, on the other hand, it contributes to the growth of ‘digital literacy’ rates. 
It seems, however, that in the matter under consideration there is a ‘third side 
of the coin’ which suggests that in the fervour of the global computerization 
of almost every aspect of life, it is equally important to show restraint and avoid 
excessive, unhealthy ‘technologization’ of human relationships — relationships 
that have always been the basis for the functioning of any society, any economy, 
and even the whole world.

3. The methodology of research

Having performed in the previous paragraph the theoretical characteristics 
of the information infrastructure as a pillar of the KBE, empirical analysis was 
commenced. Its purpose was to attempt to quantify the factors that determine 
the development of information infrastructure within KBEs and to construct 
(based on taxonomic methods and using 7 diagnostic variables) a synthetic 
measure of the level of the development of information infrastructure of this 
type of economies in the years 1995–2010. This study covered 29 countries, 
which, according to the author’s doctoral dissertation can be regarded as being 
in their seed phase or being a low, medium, or highly advanced KBE2.

4. The research process

The first phase of the implemented taxonomic study consisted in selecting po-
tential diagnostic variables, i.e., specifications of features which, according 
to the theoretical analysis performed in the previous section and substantive 
and formal criteria, were considered initially as essential links in a compre-
hensive assessment of the level of the development of information infrastruc-
ture within a KBE. Among them, due to the availability of reliable, complete 
and comparable statistical data, seven stimulant variables were determined that 
represent different aspects of information infrastructure within a KBE. The var-
iables are presented in the table 2.

The set of potential diagnostic characteristics specified in table 2 was as-
sessed due to the criteria of the informational value of variables. The first was 

2  This study has covered the following countries: Australia, Austria, Belgium, the Czech 
Republic, Denmark, Estonia, Finland, France, Greece, Spain, the Netherlands, Ireland, 
Israel, Japan, Canada, South Korea, Germany, Norway, New Zealand, Poland, Portugal, 
Slovakia, Slovenia, Switzerland, Sweden, the USA, Hungary, Great Britain, and Italy.
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a demand for high spatial variability, and the value of the coefficient of variation 
not exceeding the limit of 15% was taken as a basis for the exclusion of the char-
acteristics jX  from further analysis. According to the selected threshold value, 
none of the characteristics was considered a quasi-fixed variable and, therefore, 
all were included in further analyses. Then, out of the seven variables considered 
their representatives were selected, with the support of the Hellwig’s paramet-
ric method3 with an arbitrarily determined threshold level of correlation of *r  
equal to 0.8. In accordance with the basic criterion for this method, the char-
acteristics 2 3 5 6, , ,X X X X  and 7X  (which in each or in most of the analysed 
periods were diagnosed as either central or isolated) were classified to the set 
of the final variables.

In the next step the normalization process to the final diagnostic variables 
using the unitarisation zeroed method proceeded, which meets all of the de-
mands set to normalization procedures with respect to characteristics4. As a re-
sult, variables with values in the range [0; 1] were obtained, all of which had, 
of course, the nature of stimulants.

The last task that was performed in the process of constructing a syn-
thetic measure of the level of the development of information infrastructure 
in a KBE, was the use of a suitable additive aggregation function receiving values 
in the range [0; 0.25] of the following formula:

,i ij j
j

SRII x w= ×å
	 (1)

where:
iSRII  — the synthetic measure of the level of the development of informa-

tion infrastructures of the i-th KBE ( 1,...,29i = );
ijx   — the value of the normalised variable jX  for the i-th KBE  

( 1,...,29i = );
1/20jw =  — the weight assigned to the normalized variable jX 5.

The above aggregation formula was applied to determine the synthetic 
measures of the level of the information infrastructure iSRII  for all of the 29 
countries covered by the analysis during all of the four research periods, i.e., 

3  For more details about the Hellwig’s parametric method see Hellwig (1981, pp. 46–
68).

4  For more details about the zeroed unitarisation method and the demands posed 
to the characteristics normalisation see Kukuła (2000).

5  The author of this article, referring to the concept of the sustainable development 
of the pillars of the KBE, assumed the principle that each of the four pillars of this type 
of economy has an equal, i.e., 25%, stake in the construction of a KBE, and every charac-
teristics — in relation to the pillar — has the same validity status. For this reason, when re-
searching each of the five final variables representing information infrastructure in a KBE, 
the author assumed for the construction of aggregate measure the weight jw  equal to 1/20 
(i.e. 1/4÷5 variables).
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the years 1995, 2000, 2005, and 2010. The results of these calculations along 
with the rankings based on them, in which the higher the position of a given 
state, the larger the value of the measure ,iSRII  are contained in table 3.

5. The results of research

Analysing individual rankings presented in table 3, it can be seen that in each 
period of research the highest level of information infrastructure occurred 
in the following countries: the USA, Switzerland, Ireland, Sweden, the Nether-
lands, Denmark, and Finland. These are economies that are generally recognized 
as the most advanced KBEs. The serious underdevelopment of this infrastruc-
ture, in turn, was noted in Greece, Poland, Portugal, Spain, and Slovenia  — 
these are the countries that represent only the seed phase of a KBE. One can, 
therefore, conclude that the rate of the evolution of economies towards the KBE 
and the achieved stages of the advancement of the KBE in the years 1995–2010 
were very strongly determined by the level of the development of information 
infrastructure in the countries concerned, thus confirming that this infrastruc-
ture is one of the key driving forces of KBEs and its absence can be a serious 
impediment to growth for these types of economies.

Enriching the above conclusions by the analysis of selected descriptive char-
acteristics of the synthetic measure iSRII  shown in table 4, and considering 
the data contained in the box plot below, it can be stated that in the studied years, 
the average level of the development of information infrastructure in the 29 
KBEs surveyed generally grew steadily, which is of course a positive phenome-
non. This conclusion is confirmed by the measures of the central tendency that 
from period to period were achieving higher and higher values.

As can be read from the data contained in table 4 and chart 1, the level 
of information infrastructure in the 29 KBEs considered was characterised by 
quite a high degree of differentiation in the years 1995–2010. The weakness 
described herein (often associated with the concept of the so-called informa-
tion or technology gap) can be seen clearly when analysing the relatively high 
value of the range, standard deviation and coefficient of variation. It should be 
noted, however, that during the period under study the scope of that diver-
sity decreased considerably, and the economies decisively moved closer to each 
other in terms of the development of their information infrastructures, which 
should be looked upon as a positive phenomenon.

At this point attention should be paid to the asymmetry in the distribution 
of the synthetic measure iSRII  (table 4). This distribution was (except for 1995), 
left-asymmetric, pointing to the fact that the vast majority of the countries ex-
amined had higher values of the aggregate variable describing the development 
of information infrastructure in a KBE than the arithmetic average. Addition-
ally, the left-sided asymmetry observed grew in strength from period to period, 
proving that also in this matter we can see a kind of catch-up and convergence 
process.
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6. Conclusion

The theoretical and empirical analysis carried out in this article points 
to the fact that the process of building information infrastructure as a reliable 
pillar of the KBE is a complex process, arduous and difficult to implement, both 
from the point of view of financing related activities, as well as due to the need 
to overcome many often very serious structural, legal, technical, and mental bar-
riers. On the other hand, the outcome of the research presented in the present 
article proves that the efforts in creating and strengthening this infrastructure 
in an economy translates into long-term tangible benefits related to, among oth-
ers, a high socio-economic development, competitive advantage and dominance 
in the international arena. Such countries as the United States, Switzerland, 
Ireland, Sweden, the Netherlands, Denmark and Finland serve a good exam-
ple proving the thesis and they are commonly recognized as the most advanced 
KBEs. In the taxonomic research presented in the article, those countries rep-
resented the highest levels of the development of information infrastructure. 
Moreover, one can conclude that there is no other way for KBEs as a continuous 
development of their information infrastructure. This rule seems to be proved 
by the economies considered in the work which in the years 1995–2010 were 
characterized by a steadily increasing average level of the development of infor-
mation infrastructure, a decreasing scope of volatility, and by an increasingly 
stronger left-sided asymmetry, which should be read as desirable phenomena.
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Appendix

Table 1.
The measures of information infrastructure applied within the KAM 2012 method

Name of measure Unit (scale)
total telephones per 1,000 people number

total landline telephones per 1,000 people number
total cellular telephones per 1,000 people number

computers per 1,000 people number
percentage of households with TV sets %

total newspapers per 1,000 people number
international Internet connections bits per person

internet users per 1,000 people number of people
average monthly spending on the Internet USD

access to e-administration services [1; 7]
the quality of e-administration services [1; 7]

spending on information and communication technologies (ICT) as a percentage 
of GDP %

Source: own study based on the data derived World Bank (2015a).

Table 2.
Potential diagnostic variables selected for measuring the level of the information 
infrastructure in 29 KBEs throughout the time period 1995–2010

Symbol Name of potential diagnostic variable (unit/scale)
X1 total telephones per 100 people (number) 
X2 total computers per 1,000 people (number)
X3 internet users per 100 people (number)
X4 percentage of exports of ICT goods in total exports of goods (%)
X5 percentage of imports of ICT goods in total imports of goods (%)
X6 percentage of exports of ICT services in total exports of services (%)
X7 expenditure on ICT goods and services as a percentage of GDP (%)

Source: own elaboration.



  EKONOMIA I PRAWO. ECONOMICS AND LAW, 15(4): 503–513

512

Table 3.
Rankings of 29 KBEs showing the development of information infrastructure 
in the time period 1995–2010

Position
1995 2000 2005 2010

Country SRIIi Country SRIIi Country SRIIi Country SRIIi

1 US 0.1672 CH 0.1719 CH 0.1606 NL 0.1570
2 IE 0.1570 IE 0.1610 DK 0.1591 FI 0.1480
3 FI 0.1489 US 0.1501 NL 0.1587 CA 0.1463
4 CH 0.1283 DK 0.1410 SE 0.1554 SE 0.1441
5 SE 0.1269 NZ 0.1376 IE 0.1503 IE 0.1429
6 DK 0.1227 SE 0.1372 US 0.1499 CH 0.1420
7 NL 0.1104 AU 0.1333 FI 0.1363 KR 0.1406
8 GB 0.1100 NL 0.1303 IL 0.1359 GB 0.1398
9 NZ 0.1032 CA 0.1299 GB 0.1340 US 0.1354
10 NO 0.1024 KR 0.1286 NZ 0.1268 SK 0.1293
11 AU 0.1005 FI 0.1196 CA 0.1253 DK 0.1261
12 CA 0.0978 IL 0.1127 KR 0.1251 JP 0.1187
13 JP 0.0760 GB 0.1101 JP 0.1207 DE 0.1146
14 BE 0.0759 JP 0.1068 AU 0.1185 CZ 0.1137
15 DE 0.0719 NO 0.0955 DE 0.1166 HU 0.1132
16 IL 0.0705 DE 0.0925 EE 0.1138 AU 0.1059
17 FR 0.0655 AT 0.0899 NO 0.1102 IL 0.1052
18 AT 0.0546 BE 0.0758 AT 0.0943 NO 0.1030
19 CZ 0.0542 FR 0.0688 FR 0.0854 FR 0.0999
20 KR 0.0526 HU 0.0625 HU 0.0802 EE 0.0987
21 SK 0.0409 EE 0.0598 BE 0.0791 NZ 0.0977
22 PT 0.0395 IT 0.0557 SK 0.0786 BE 0.0870
23 EE 0.0393 CZ 0.0498 CZ 0.0784 AT 0.0823
24 IT 0.0333 SI 0.0407 ES 0.0503 SI 0.0736
25 ES 0.0296 SK 0.0387 IT 0.0462 ES 0.0686
26 HU 0.0281 PT 0.0369 SI 0.0462 IT 0.0643
27 SI 0.0279 ES 0.0263 PL 0.0395 PL 0.0577
28 GR 0.0188 PL 0.0263 PT 0.0375 PT 0.0494
29 PL 0.0104 GR 0.0251 GR 0.0123 GR 0.0136

Notes: US — United States IE — Ireland, FI — Finland, CH — Switzerland, SE — Sweden, DK — 
Denmark, NL — Netherlands, GB — Great Britain, NZ — New Zealand, NO — Norway, AU — 
Australia, CA — Canada, JP — Japan, BE — Belgium, DE — Germany, IL — Israel, FR — France, 
AT — Austria, CZ — Czech Republic, KR — South Korea, SK — Slovakia, PT — Portugal, EE — Es-
tonia, IT — Italy, ES — Spain, HU — Hungary, SI — Slovenia, GR — Greece, PL — Poland.

Source: own calculations.
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Table 4.
Descriptive characteristics for the synthetic measure SRIIi in the years 1995–2010

Descriptive character-
istics 1995 2000 2005 2010

Arithmetic average 0.0781 0.0936 0.1043 0.1075
Median 0.0719 0.0955 0.1166 0.1132

First quartile 0.0395 0.0557 0.0786 0.0870
Third quartile 0.1100 0.1303 0.1359 0.1398

Minimum 0.0104 0.0251 0.0123 0.0136
Maximum 0.1672 0.1719 0.1606 0.1570

Range 0.1568 0.1468 0.1483 0.1433
Standard deviation 0.0440 0.0448 0.0426 0.0348

Variation coefficient 56.32% 47.82% 40.81% 32.34%
Asymmetry coefficient 0.3303 -0.0688 -0.4532 -0.7089

Source: own calculations based on the data contained in table 3.

Chart 1.
Selected descriptive characteristics for the synthetic measure SRIIi in the years 
1995–2010

0.00
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Source: own elaboration based on the data contained in table 4.
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