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Abstract 

This paper proposes a measure of a society's information infrastructure. This measure is 
defined by an overall index of the saturation of a society's multimedia technology. The index 
is used for the appraisal of the information infrastructure in Poland and in other countries. 
Poland's development deficits in the area of information infrastructure will be defined. The 
main causes of the current state of affairs in Poland will also be investigated. Further, some 
actions to improve the country's situation will be proposed. Conclusions concerning Poland 
may have a more general character. The research therefore suggests that most of these 
conclusions can be applied to other Central-Eastern European countries. 

1. INTRODUCTION 

The importance of information as the fourth factor of production and as one 
of the most important indicators of modem civilisation is well known and 
well described. Access to and ease of use of the information is determined 
by the level of development of the society's information infrastructure, 
which is defined by the saturation of the given society with multimedia 
technology. Numerous rankings and international comparisons can be found 
each day, beginning with the simplest (e.g. productiveness of 1 ha of grain) 
through quite complex (e.g. 'The World Competitiveness Report' published 
yearly by IMD Geneva). However, there are no simple tools allowing us to 
make comparisons concerning the information infrastructure. The paper 
reports on research designed to resolve the above problem. The paper 
proposes and illustrate the use of this index of the information 
infrastructure development level (IIDL). 
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2. STATISTICAL RESEARCH METHODOLOGY 

The degree of accessibility of particular infomedia technologies, which are 
components of the 'Information Landscape' of a modem society, can be 
agreed as a base of the evaluation of the IIDL. 

Seven indicators define the Information Landscape in its three main 
dimensions: telecommunications (T), information technology (IT) and 
electronic media (EM). The indica-tors represent the major elements of the 
infomedia technologies. The indicators were selected following the 
availability of reliable statistical data. 

The following three indicators describe the T infrastructure: 

1. accessibility of cable telephone lines, measured as the number of 
telephone subscribers per 100 inhabitants (xI); 

2. accessibility of mobile telephones, measured as the number of 
mobile telephone subscribers per 100 inhabitants (x2); and 

3. accessibility of data communications 1, measured as the number of 
data communications service subscribers (summarised by the 
number of subscribers of packet switch networks, Integrated 
Services Digital Networks (ISDN) and leased lines) per 100 
inhabitants (x3). 

Two other indicators describe the IT infrastructure: 

4. accessibility of Wide Area Networks (WAN), measured as the 
number ofIntemet subscribers per 1,000,000 inhabitants (X4); and 

S. accessibility of computer technology measured as the number of PC 
users per 100 inhabitants (xS). 

The last two indicators describe the EM infrastructure: 

6. accessibility of air-transmitted TV, measured as the number of TV 
sets per 100 inhabitants (x6); and 

7. accessibility of multi-channel TV (cable and DTH satellite TV), 
measured as the number of the above service subscribers per 100 
inhabitants (x7). 

One of the basic problems during socio-economic phenomena analysis in a 
multidimensional space of variables is related to the replacement of 
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numerous features, which describe objects with one variable. The appraisal 
of the IIDL employs a synthetic variable constructed with the help of a 
taxonomic method of the development pattern.2 

Since all components are treated as stimuli it is therefore assumed that 
patterns are the highest values of variables, hence: 

Xwj = max(Xij) (i=I,2 ... ,7, ,j=I,2 .. ,29) (1) 
i 

The distances of each country from the pattern, were calculated as follows: 
7 W 

Qw= IIX'ij-Xwjl where: (i=1,2 .. 29) 
i=1 

The overall index Dj of the IIDL was calculated usmg the following 
formula: 

Dj=1- Qw (3) 
dw 

-

where: dw = dw + 2& (4) 

dw - is the average value of the calculated distances Qw, and 

& - is the standard deviation of the calculated distances Qw. 

The interpretation of the overall index Dj enables comparisons of the IIDL. 
Thus an objective and measurable picture of the investigated group of 
countries is presented. 

3. THE ANALYSIS OF THE AGGREGATE RESULTS 

The higher the IIDL in particular countries, the closer to 1 is the indicator 
Dj . Figure 1 (below) presents values of the D· indicator in 1994 and 1995. 
Table 1 (below) presents values of the overal( index and the ranking of the 
countries for 1994 and 1995. OECD member countries (with the exception 
of Mexico - by reason of lack of data) and CEFTA member countries are 
compared. The data comes from International Telecommunication Union 
statistics (lTV 1995, ITU 1997). 
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Figure 1. Values of the IIDL overall index Dj in the selected countries in 
1994-1995. Only some countries are shown. All countries are ranked 
according to Table 1 below. Source: Own calculation based on lTV official 
statistics. 

Table 1. Values of the IIDL overall index Dj in the selected countries in 
1994 ... 1995. Source: Own calculation based on lTV official statistics. 

1995 1994 

Rank Country Dj value Rank Country Dj value 

1 United States 0,7385 1 United States 0,7886 

2 Sweden 0,7073 2 Sweden 0,7170 

3 Denmark 0,6240 3 Denmark 0,5804 

4 Australia 0,6180 4 Switzerland 0,5736 

5 Finland 0,6091 5 Canada 0,5701 

6 Switzerland 0,5919 6 Norway 0,5613 

7 Canada 0,5570 7 Australia 0,5605 

8 Norway 0,5487 8 Finland 0,5432 

9 Luxembourg 0,5432 9 Iceland 0,5165 

10 Iceland 0,5289 10 New Zealand 0,5136 

11 New Zealand 0,5005 11 Luxembourg 0,5020 

12 Netherlands 0,4802 12 Netherlands 0,4651 

13 Germany 0,4504 13 Germany 0,4222 

14 United Kingdom 0,4246 14 Belgium 0,4008 

15 Japan 0,4049 15 Japan 0,3862 

16 Belgium 0,3861 16 Austria 0,3733 
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17 Austria 0,3637 17 United Kingdom 

18 France 0,3420 18 France 

19 Ireland 0,2579 19 Ireland 

20 Italy 0,2349 20 Italy 

21 Slovenia 0,2189 21 Hungary 

22 Spain 0,2125 22 Spain 

23 Greece 0,2036 23 Slovenia 

24 Hungary 0,1901 24 Greece 

25 Czech Republic 0,1660 25 Portugal 

26 Portugal 0,1652 26 Czech Republic 

27 Poland 0,1148 27 Slovak Republic 

28 Slovak Republic 0,1016 28 Poland 

29 Turkey 0,0350 29 Turkey 

4. INFO~ATIONINFRASTRUCTURE 

DEVELOPMENT LEVEL AND ECONOMIC 
DEVELOPMENT LEVEL 

0,3705 

0,3511 

0,2679 

0,2345 

0,2207 

0,1954 

0,1738 

0,1667 

0,1632 

0,1566 

0,1541 

0,0946 

0,0625 

Table 2. The IIDL (overall index Dp and economic development level (GNP 
per capita) in 1995. Source: Own calculation based on fTU official 
statistics. 

OJ value GNP per capita 

Rank Country group Rank Country group 
average average 
= 100 = 100 

1 United States 189,1930 1 Japan 210,4898 

2 Sweden 181,1966 2 Switzerland 202,3085 

3 Denmark 159,8717 3 Luxembourg 180,7233 

4 Australia 158,3317 4 Denmark 157,2440 

5 Finland 156,0585 5 United States 149,1803 

6 Switzerland 151,6349 6 Germany 141,1335 

7 Canada 142,7125 7 Austria 140,2705 

8 Norway 140,5851 8 France 129,0968 

9 Luxembourg 139,1669 9 Belgium 127,5727 

10 Iceland 135,4919 10 Iceland 126,8554 

II New Zealand 128,2196 II Sweden 126,7657 

12 Netherlands 123,0295 12 Netherlands 121,7056 

13 Germany 115,3913 13 Norway 121,7056 

14 United Kingdom 108,7944 14 Finland 107,4556 
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15 Japan 103,7386 15 Canada 105,2197 

16 Belgium 98,9069 16 Australia 101,3644 

17 Austria 93,1731 17 Italy 99,5544 

18 France 87,6314 18 United Kingdom 98,7083 

19 Ireland 66,0635 19 Ireland 82,0150 

20 Italy 60,1707 20 New Zealand 79,0226 

21 Slovenia 56,0761 21 Spain 68,9921 

22 Spain 54,4394 22 Greece 51,5031 

23 Greece 52,1687 23 Portugal 49,7436 

24 Hungary 48,6919 24 Slovenia 39,2480 

25 Czech Republic 42,5405 25 Hungary 22,5211 

26 Portugal 42,3262 26 Czech Republic 19,6968 

27 Poland 29,4133 27 Slovak Republic 14,4070 

28 Slovak Republic 26,0236 28 Poland 13,5328 

29 Turkey 8,9586 29 Turkey 11,9638 

The data show that high values of the IIDL indicator are typical for countries 
with high economic development levels (measured by Gross National 
Product). Low values correspond to countries with low economic develop
ment level. The later group consists of CEFT A members and peripheral 
members of the EU. 

The highest disproportion between the economic development level and the 
IIDL is found in case of Japan. Japan's GNP per capita is the highest, and it 
reaches 210.4 % of the average value in the researched group of countries. 
But the value of the Dj indicator reaches only 103.7% of the average value. 

Poland is in the group of countries with moderate disproportion between 
both indicators (13.5% and 29.4% respectively). A slight supremacy of the 
information sphere can be observed. Table 2 shows values of the Dj and 
GNP indicators for the investigated group of countries. 

5. THE METHODOLOGY OF PARTIAL ANALYSES 

Synthetic IIDL indicators are useful to draw a map of the current situation in 
particular countries in an aggregated and a general way. General appraisals 
should be supplemented with partial analyses. In order to investigate the 
influence of the partial factors (Xj) on the value of overall index, for each 
value (xij) the so-called relative distances from the pattern (Rij) were 
calculated following the formula: 
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R Xwj-Xg 10 g= x 
Xwj 

where: Xwj- is the pattgn value for the ith indicator, i.e. 
maximum value of the i t feature (given partial indicator), 
among all j countries (under condition that all indicators have 

character of the. stimulus): Xwj = max[xg] Xg- value of the ith 
J.'. • h . th ' leature In t e J country 

(5) 

The indicators Rjj are relative distances from the pattern of i th indicators, in 
/ countries. Values of Rjj indicators are efWressed in percent, and they 
descttbe by how many percent values of the it feature (partial indicator) of 
the / object (given country) are distant from the value of the given feature 
in the country, recognised as a pattern. 

If for each of three groups (T, IT and EM) we calculate sums of the relative 
distances of the variables than as a result, we get the following group 
indicators: 

kRjj - sums of relative distances in groups of indicators: 

kRg = LRg where: (k = 1,2,3), (6) 
i 

and R'ij - sums of relatives three group distances: 
3 m 

Rg=LkRg 
k=1 

These indices allow us to investigate the influence of the partial indicators 
on group distances, which represent three spheres of the information 
infrastructure (T, IT and EM). They also allow us to measure the influence 
of these three group distances on the overall index ofIIDL. 

6. THE SITUATION OF POLAND COMPARED TO 
OTHER INVESTIGATED COUNTRIES 

Table 3 shows the values of the synthetic and partial indicators 
corresponding to Poland and to countries with the best and the worst ranking 
positions in particular fields of research. 
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Table 3. Poland's relative position in 1995. Source: Own calculation 
based on ITU official statistics. 

Indicator: Poland "Best" "Worst" position 
position 

value rank country value country value 

OJ 0,1148 27 USA 0,7385 Turkey 0,0350 

synthetic indicato 

R'ij sum of the 1058,15 28 USA 279,09 Turkey 1149,38 

group distances 

1Rij T group 513,44 29 Sweden 0 Poland 513,44 

distance 

2Rij IT group 285,30 28 Finland 84,86 Turkey 298,71 

distance 

3Rlj EM group 259,41 22 USA 68,76 Turkey 367,76 

distance 

R1j PHONE 234,52 29 Sweden 0 Poland 234,52 

R2j MOBIL 145,27 29 Sweden 0 Poland 145,27 

PHONE 

R3j DATA 133,65 27 Sweden 0 Turkey 134,21 

COMM. 

R4j INTERNET 121,87 25 Finland 0 Turkey 127,09 

RSj PCs 163,43 28 Switzer- 0 Turkey 171,61 
land 

R6jTV 127,75 23 USA 0 Slovak Republic 194,40 

R7j MCh.TV 131,66 20 Nether- 0 Italy 182,44 
lands 

It appears that the USA has the highest IIDL, measured by Dj indicator, in 
the researched group, Sweden the second, and Denmark the third. The same 
three countries were leading the ranking in 1994. The top ten consist of 
English speaking non-European countries, Scandinavian countries, 
Switzerland, and Luxembourg. The second ten consists of highly 
industrialised countries of Western Europe, New Zealand, and Japan The 
third ten, peripheral countries of the EU, CEE countries, and Turkey. In 
comparison with 1994, the ranking changed only marginally in 1995. 
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Turkey is the country with the lowest IIDL (also in 1994). Turkey is 
preceded by Slovak Republic (Poland in 1994), and Poland (Slovak Republic 
in 1994). 

Looking at values of the group distances (k~j)' one can notice that Sweden 
has the best-developed traditional telecommunication (Sweden is the pattern 
country for each of three partial indicators, constituting this sphere, also in 
1994). Finland is the leading country (in 1994 USA) in the IT sphere, while 
USA leads in EM (also in 1994). 

Pattern countries in partial indicators are: for cable phone, mobile phone, 
and data communications - Sweden (also in 1994); for Internet - Finland 
(Iceland in 1994); for PCs - Switzerland (USA in 1994); for air transmitted 
TV - USA (also in 1994); for multi channel TV - Netherlands (Luxembourg 
in 1994). 

Poland has the highest values of the group distances (k~')' so the lowest 
development level of the above-described three spheres oP the information 
infrastructure, for T. While Turkey has the highest value of k~j for IT and 
EM. The situation was the same in 1994. 

Countries with the lowest development level of partial elements of 
information infrastructure defined by particular indicators are: for cable and 
mobile telecommunication - Poland; for data communications and Internet -
Turkey (also in 1994); for PCs - Turkey (Slovak Republic in 1994); for air 
transmitted TV - Slovak Republic (Greece in 1994); and for multi channel 
TV - Italy (also in 1994). 

The level of the information infrastructure development is related to the 
level of economic development (measured in GNP per capita). It is, 
however, hard to establish permanent relations between these two features. 
Richer countries usually have a higher level of information infrastructure 
development, and respectively for poorer countries this level is low. A 
ranking constructed according to those values leads to similar results (See 
Table 2). Therefore it is justified to state that the relation between those two 
variables for highly developed countries has the character of a positive 
feedback. Richer countries can develop their information infrastructure more 
effectively and faster. Thus international competitiveness of their economies 
and, consequently, further increase of richness is achieved. Huge under
development of the information infrastructure can result in the reverse trend. 
Lack of telecommunication technologies and services can result in exclusion 
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of the given country from the world economic system and, in consequence, 
further impoverish the country. Information infrastructure development, 
especially for the countries such as Poland, is one of the fundamental 
requirements for building global competitiveness and for further economic 
growth. 

This analysis of Poland's situation leads to the conclusion that the value of 
the synthetic indicator of the IIDL (Dj ) is for Poland 0.1148 (in 1994, 
0.0946). In comparison with 1994, distance to the pattern country (USA) has 
det&ease~ marginally, dropping from 0.6940 to 0.6237. Poland was placed 
27t (28t in 1994) in the group of 29 countries. Lower indicator values are 
found only in Turkey and the Slovak Republic. It confirms that Poland is 
considerably behind in the development of the information infrastructure. 

The value of the sum of three relative group distance equals Wr Poland 
R'ij=1058,15 (See Table 3) - which results in last-but-one, or 28t ,position 
in the researched group. For the pattern country (USA) this value amounts to 
279.09. It testifies to the huge distance separating Poland from pattern 
values. This considerable distance from the pattern is caused by: 

• under-development ofthe technical infrastructure of the T (48.52%); 
• backwardness in the IT sphere (26.98%); 
• backwardness in the EM sphere (24.52%). 
(See Table 4) 

Table 4. The group distances for Poland in 1995. Source: Own calculation 
based on fTU official statistics. 

R'i 18 = 100% 

within: 

lRi 18 = 48,52% 2Ri 18 = 26,96% 3Ri 18 = 24,52% 

within: within: within: 

R118 R218 R318 R418 R518 ~ 18 R718 
=45,68% =28,29% =26,03% =42,72% =57,28% =49,25% =50,75% 

Backwardness of information infrastructure development is nearly 50% 
caused by the T sphere, with results of 45.68% from the under-development 
of cable telephone networks, of 28.29% from the low spread of mobile 
telephone networks, and of 26.03% from backwardness in data 
communications. 
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The distance from the pattern in the IT sphere of 42.72% is caused by the 
relatively low popularity of the Internet, and of 57.28% is caused by the low 
number ofPCs used in the country. 

Delay in the EM area of 49.25% is attributable to the slow growth of air 
transmitted TV, and of50.75% is caused by the slow spread ofmuIti channel 
TV. 

The 50% backwardness of the country's information infrastructure is due to 
under-development of T, which is caused also in nearly 50% by under
development of the cable telephone network. Therefore the biggest 
development deficits are caused by the sphere of the Information Landscape 
which is most regulated and least subject to market forces. Cable telephone 
is operated by the Telekomunikacja Polska S.A., which is nearly the only 
operator in the Polish market. It is accountable for the biggest backwardness 
and it is the most important information infrastructure development barrier. 

In the ranlf!ng of 29 countries Pgland is placed lastdin the T sphere (also iR 
1994),28t in the IT sphere (27t in 1994), and 22n in the EM sphere (25t 

in 1994). 

Analysis of partial indicators shows that Poland occupies: 

• 
• 

• 
• 
• 

lasfuPlace in cakle and mobile telecommunications (also in 1994); 
27th place (28~ in 1994) in the data communications; 
25t

h place (27 h in 1994) in Internet; 
28t

d place (27t
h in 1994) in PCs; 

23r
h place (24 t in 1994) in air transmitted TV; d 

20t (its highest place) for multi channel TV (22n in 1994)-

among 29 countries. 
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Table 5. Changes in Poland's rank positions in 1995 compared with 1994. 
Source: Own calculation based on lTU official statistics. 

Year: 1995 1994 Change: 

Indicator: 

OJ synthetic indicator 27 28 - 3,6 % 

R'ij sum of the group distances 28 28 0% 

1Rij T group distance 29 29 0% 

2Rij IT group distance 28 27 3,7% 

3Rij EM group distance 22 25 -12 % 

R1j PHONE 29 29 0% 

R2j MOBIL PHONE 29 29 0% 

R3j DATACOMM. 27 28 -3,6% 

R4j INTERNET 25 27 -7,4 

RSj PCs 28 27 3,7% 

RSjTV 23 24 -4,2 % 

R7jMCh.TV 20 22 -9% 

Also Poland's position in particular rankings seems to confirm that the 
biggest backwardness of the information infrastructure exists in those 
elements which are under strict government regulation, and in a 
monopolistic position. Better results were obtained in those spheres of the 
information infrastructure that are unregulated, under the rule of market 
forces and under free competition. A good example to illustrate this situation 
is given by the comparison of the monopolistic situation in cable telephony, 
and the free market in the sphere of satellite and cable TV. Table 5 indicates 
the changes in Poland's positions in synthetic and partial indicators rankings 
in 1995 in comparison with 1994. 
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7. SUMMARY 

The proposed tool3 allows us to appraise the information infrastructure 
development level of a country. It also allows us to create rankings. It is also 
helpful in conducting general as well as detailed analyses of the 'Information 
Landscape'. The analysis allows us to determine weak points and main 
development deficits for a particular country. The tool can be used as a 
support tool in investment decisions, and also in the process of the creation 
of new legal regulation. 

The definition of various elements of the 'Information Landscape' may seem 
rather controversial. The technology and application integration among 
telecommunication, computers and electronic media seems to be a strong 
tendency, and therefore it is hard to define these elements separately. The 
dynamics of development causes that these problems will intensify in time. 
The society of the future will use highly integrated and complex 
communication system,s being a mixture of known technologies and 
applications. They will be enriched by technology, services and solutions yet 
to be discovered. 

It can be also stated that it is harder to define and separate the elements of 
the 'Information Landscape' of a given society, the higher the development 
level of its information infrastructure. Such a society is making further 
progress on its way to become an Information Society. 

The selection of the seven partial indicators used in the overall index 
construction was carried out with the subjective conviction of the author 
concerning their importance for the modem 'Information Landscape'. 
Important factors also considered were availability and reliability of the 
statistical data. The indicators used acceptably represent today's stage of 
technological development, and also they allow us to conduct the desired 
comparisons and analysis. 

A continuous growth of technology innovation accompanied by a tendency 
to integration could account for the outdating of the proposed solutions. It 
could happen that other selections of partial indicators, related to the future 
growth of technology innovations will be needed. This temporariness of the 
proposed solution is inevitable and is typical for research problems 
characterised by considerable qualitative and quantitative development 
dynamics. The search for timeless solutions will probably impede any 
evaluation or comparison. 
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The synthetic and partial indicator analysis are sufficient to state that Poland 
is at the very low level of infonnation infrastructure development, as 
compared with other countries under survey. Two reasons for such a 
situation could be given: 

• the low level of telecommunication infrastructure development 
inherited from the system of centrally planned economy; 

• persisting' state monopoly. 

In this situation it seems necessary to take immediate actions aimed to 
improve the existing state of affairs. The author is of the opinion that major 
elements of this effort should be radical demonopolization, deregulation and 
rapid privatisation (with the desirable active participation of major world 
companies) of the infomedia sphere. For Poland and other eEE countries, 
the only acceptable solution is " ... to put its faith in market mechanisms as 
the motive power to carry us into Infonnation Age" (Bangemann 1994). 

NOTES 

Data communication was included in the telecommunication sphere, even though it is 
an information technology, because it is mainly managed by public 
telecommunication operators, including all legal consequences of these activities 
The taxonomic method of the development pattern was created by Z Hellwig. 
(Hellwig 1975). 
For other details of the methodology, and comparisons with other possible 
methodologies, see Golinski (1997). 
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