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Summary: The paper characterizes main trends in ICT implementation and diffusion in
the CEE countries in terms of market volume, its dynamics, economic development and
ICT trade integration within the EU market. This gives support to the hypothesis of gradual
closing up of technology gap in ICT sector between the CEE and the “‘old” EU countries in
the course of the ongoing process of integration and catching up. The second part of the
paper delivers a detailed account of the modernization level achieved in Poland and other
CEE countries in particular ICT segments and score rankings as against other EU
countries. The focus is on the relationship between NRI index, as a measure of ICT
development, and GDP per capita, competitiveness and productivity. Finally, the level of
ICT services in CEE is assessed, in particular, in the area of broadband, mobile
telecommunication, and e-services.

Zusammenfassung: Der vorliegende Beitrag charakterisiert wesentliche Trends im
Bereich der IKT- Implementierung und — Diffusion in mittel- und osteuropdischen Landern
im Hinblick auf das Marktvolumen, dessen Dynamik, die 6konomische Entwicklung und
die IKT-Handelsintegration im EU-Markt. Dies unterstiitzt die Hypothese der allméhlichen
SchlieBung von einer Technologielicke im [KT-Sektor zwischen den mittel- und
osteuropdischen Landern und den ,alten* EU-L&ndern im Rahmen des fortlaufenden
Prozesses der Integration und des Aufholprozesses. Der zweite Teil des Beitrages liefert
einen detaillierten Bericht Gber das Modernisierungsniveau, das in Polen und den anderen
mittel- und osteuropdischen L&ndern erreicht wurde. Der Schwerpunkt liegt dabei auf der
Beziehung zwischen dem NRI — Index, als Indikator fir die IKT-Entwicklung, und dem
BIP pro Kopf, der Wettbewerbsfahigkeit sowie der Produktivitat. Schliel3lich wird das
Niveau der IKT — Services in den mittel- und osteuropdischen L&ndern insbesondere im
Bereich des Breitbandes, der mobilen Telekommunikation sowie der E-Services
beurteilen.
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1. Introduction

Advanced information and communication technologies are at the heart of recent socio-
economic development and transformation in both the industrialised and developing
countries. This is because ICT is a typical general-purpose technology (GPT), similar to
GPT examples of former technological paradigms like steam power, electricity,
combustion engine etc. The structure of the recent paradigm is, however, more
complicated as it is a combination or a fusion of two technological strands - information
processing based on the inventions of microprocessor and computer, and information
transmission based on telecommunication techniques which evolved from wire to wireless
connections, from analogue to digital transmission and switches. Therefore, we can
delineate two broad areas of ICT: information technology (IT), and telecommunication
technology (TT). In each of these areas we further have two segments: hard equipment
manufacturing, software production and operation services. It is then IT equipment
manufacturing, and software production on one side, and provision of IT and software
services, on the other side. In the telecom segment (TT), we can also distinguish between
telecom equipment manufacturing and provision of telecom services by operators. We will
follow these distinctions in the subsequent analysis.

As for a GPT technology, we are faced with a wide field for variety of applications. Apart
from ICT producers there exists a large area of ICT users where we usually distinguish
three institutional sectors — private individual households, enterprise sector, and
government. Thus the spread of ICT will to a significant degree depend on the absorption
capabilities and preferences of potential users that have to be considered while analysing
the diffusion process. In the paper we also follow this classification of areas for diffusion.

Because most of the primary ICT inventions took place in advanced Western countries,
and not in the CEE region, the dynamics of ICT implementation and digital modernization
among the CEE countries may be analysed within a framework of the technology gap
model. However, a simple application of the logistic (S-shaped) curve will probably fail
here because the diffusion process in this particular area is much more complicated than
was the case elsewhere and so far. What must be taken into account are in particular:
strong network effects, high degree of complementarity between various developments and
applications of information technology, endogenous absorption capacities (IT skills),
lagged productivity and performance effect. There is one additional feature in diffusion
process of ICT compared to the previous generations of GPTs. For the first time in history
of technological revolutions, it is a sort of self-diffusing technology which creates the
instruments for its own diffusion, unlike steam power, electricity or combustion engine, to
take some examples of previous GPTs. This is due to a high modularity of ICT production
process (and highly codified knowledge) enabling product fragmentation and a revolution
in communications which enables fast self-driven spillover.

The CEE countries could obviously draw heavily from the advantage of their
backwardness as predicted by Gerschenkron in other context. It was so much easier as the
IT was featured by well codified knowledge, often embodied in relatively easy to assemble
or to recombine modules. Thus the start up of assimilation process was soon launched in



the late eighties.’ Since then, the ICT sector underwent successive stages of development
and diffusion from automation of steering processes in industry, office information
processing, to service sector applications (telecommunication, finance, distribution,
transport, media and entertainment). Especially in the field of services technology
diffusion usually takes longer time since absorption capacity demands building up a
suitable institutional framework. Furthermore, the scope of proliferation of information
technology in services (scale and network effects) is limited by the size of service sector in
the economy. A relatively smaller and less developed share of the service sector in the
CEE countries could have been a constraint for fast diffusion. Thus, we can imagine a
digitalisation trajectory of the CEE region as a bunch of overlapping IT product cycles
with widely differing diffusion parameters. Furthermore, country-specific effects of
digitalisation trajectory can arise from different regulatory environments which have strong
impact on the share of ICT in total investment spending.

2. The value and dynamics of ICT market in Central and

Eastern Europe®

The size of the ICT market in the Central and Eastern Europe is relatively small as
compared to the US or even the EU-25. According to the EITO data, it was expected in
2012 to be in the range of 47,3 billion euros, excluding Russia, and about 107 billion euros
with Russia, while the EU-25 ICT market amounted to 677billion euros and the US market
to 762 billion euros.®> The CE market makes up around 7% of that of EU-25 (or US), or
16% when Russia is included. The latter constitutes about a half of the ICT market in the
CEE. Without Russia, the largest CE market is Poland with its share of 36%, and then
Czech Republic (17%), Hungary (12%), and Romania (12%). For assessment of relative
sizes, it is useful to bear in mind other emerging economies like India with ICT market
valued at 73 billion euros, Brazil at 96 billion euros, and China at 229 billion euros.
Altogether the emerging world (BRIC plus CEE) covers for a world ICT market share of
about 500 billion euros (of which 10% is CE) which is already comparable to the volumes
of EU-25 and US.

Although emerging economies do not represent individually a big ICT market value, they
grow much faster than ICT markets of advanced economies (Table 2). Emerging
economies continued to drive the world growth in ICT sector despite an overall declining
investment climate in the developed world. Compared to the growth rates above 10% in

! The diffusion of new technology was spectaculary fast in some CEE countries. For instance, Poland reached
the degree of diffusion in the area of PC manufacturing such that indigenous firms were able to capture
the major share of domestic market for PC clones as the only country in Europe at the time, in the second
half of the nineties. See S. Kubielas (2000), p. 294.

2 CEE term in our analysis covers eleven countries: Bulgaria, Czech Republic, Estonia, Hungary, Lithuania,
Latvia, Poland, Romania, Russian Federation, Slovak Republic, Slovenia, We sometimes use the term CE
for Central Europe when excluding Russia from our statistics.

® The authors’ calculations are based on the EITO data.
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China or India, the ICT sector in the CE countries was expected, according to the EITO, to
increase at a slower pace of about 3% in 2011, while the Russian ICT sector was still
expected to rise by 9,5%. Taking a look at the growth rates of ICT markets over the period
of 2005-2011 a visible slowdown may be noted due to a negative breakdown in the trend
during the crisis year 2009. However, afterwards the rates recovered but in a moderate
way, and sometimes did not return to the pre-crisis level. On the whole, the ICT sector in
the CE recorded an increase of 35% for the entire period of 2005-20011, and with Russia
an increase of 66%. Among the CE countries the fastest growing ICT sectors appeared to
be in Russia (an increase of 108%), Slovakia (57%), Czech Republic (53%), and Bulgaria
(45%). Poland recorded a moderate increase of around 30%, similar to Estonia or Slovenia.
Within the period investigated, there could be noted an abrupt acceleration in the pre-crisis
year 2007, and a common decline in the crisis year 2009. Thus the ICT investment was not
balanced over time, but much dependent on the ups and downs along the business cycle. In
particular a negative demand effect was seen during the crisis when ICT markets
significantly shrank in all the countries under investigation.

Table 1: Total ICT market values in CEE, EU-25 and USA in Billion Euros

| | 2005, 2006 2007, 2008 2009 20100  2011%
Poland 12,625 13,678 15,907 16,394 15,573 15,931 16,345
Bulgaria 1,742 1,912 2,452 2,559 2,419 2,421 2,518
Czech R. 5,210 5,598 7,552 8,122 7,799 7,786 7,993
Estonia 0,769 0,862 1,044 1,083 0,968 0,982 1,014
Hungary 5,015 5,514 6,030 6,306 5,905 5,906 5,993
Latvia 0,790 0,890 1,108 1,145 1,026 1,058 1,110
Lithuania 0,823 0,899 2,118 1,223 1,045 1,030 1,041
Romania 4,276 5,203 5,920 5,885 5,441 5,262 5,465
Slovakia 2,230 2,440 3,344 3,495 3,344 3,360 3,509
Slovenia 1,305 1,389 1,809 1,880 1,754 1,689 1,743
Russia 25,601 29,933 38,102 45,207 41,32 48,714 53,342
EU-25 621,561 641,544 666,207 675,721 647,157 652,853 663,325
USA 600,861 627,944 628,427 692,956 678,008 704,963 726,785

Source: EITO Report 2011 * Forecast



Table 2: Annual growth rates of ICT sector in CEE, EU-25 and USA in per cent

2006 2007 2008 2009 2010 2011* Period
Poland 8,3 16,3 31 -5,0 2,3 2,6 29,5
Bulgaria 9,8 28,2 4,4 -5,5 0,1 4,0 44,5
Czech R. 7.4 34,9 7,5 -4,0 -0,2 2,7 53,4
Estonia 12,1 21,1 3,7 -10,6 14 33 31,9
Hungary 10,0 9,4 4,6 -6,4 0,0 15 19,5
Latvia 12,7 24,5 3,3 -10,4 31 4,9 40,5
Lithuania 9,2 135,6 -42,3 -14.,6 -1,4 11 26,5
Romania 21,7 13,8 -0,6 -7,5 -3,3 3,9 27,8
Slovakia 9,4 37,0 45 -4,3 0,5 4.4 57,4
Slovenia 6,4 30,2 3,9 -6,7 -3,7 3,2 33,6
Russia 16,9 27,3 18,6 -8,6 17,9 9,5 108,4
EU-25 3,2 3,8 14 -4,2 0,9 1,6 6,7
USA 4,5 0,1 10,3 -2,2 4,0 3,1 21,0

Source: EITO Report 2011 * Forecast

Table 3: ICT per head in CEE, EU-25 and USA in Euro

2005 2006 2007 2008 2009 2010 2011*
Poland 331 358 417 430 409 418 428
Bulgaria 224 248 319 335 318 320 336
Czech R. 510 546 734 782 745 741 759
Estonia 571 641 778 808 722 733 757
Hungary 497 547 599 628 589 590 600
Latvia 343 388 486 504 454 471 498
Lithuania 240 264 626 363 312 309 321
Romania 197 241 275 273 253 245 255
Slovakia 414 453 620 647 618 619 646
Slovenia 653 693 900 935 863 825 850
Russia 178 210 268 318 291 343 373
EU-25 1346 1383 1429 1442 1375 1383 1401
USA 2028 2100 2081 2273 2205 2299 2352

Source: EITO Report 2011 * Forecast



Table 4: ICI as a percentage of GDP (PPP) in CEE, EU-25 and USA

2005 2006 2007 2008 2009 2010 2011*
Poland 2,9 2,9 3,1 3,1 2,9 2,7 2,8
Bulgaria 2,7 2,8 3,2 31 31 3,0 3,2
Czech R. 2,9 2,9 3,5 3,7 3,7 3,7 38
Estonia 4,1 4,1 4,4 4,7 4,8 4,7 4.8
Hungary 3,5 3,7 3,9 3,9 3,9 3,8 3,9
Latvia 3,2 3,2 3,5 3,6 3,7 3,7 4,0
Lithuania 2,0 2,0 4,2 2,4 2,4 2,2 2,3
Romania 2,5 2,6 2,6 2,3 2,3 2,2 2,3
Slovakia 31 3,0 3,7 3,6 3,6 3,4 3,6
Slovenia 3,3 3,3 4,1 4,1 4,2 3,9 4,1
EU-25 5,8 5,6 5,5 5,6 5,7 5,5 5,5
USA 5,7 5,8 5,5 6,2 6,4 6,2 6,3

Source: Own calculation based on EITO Report 2011, and EUROSTAT * Forecast

In terms of ICT market value per head, the CEE countries were very dispersed at the
beginning of the period and remained so (Table 3). In 2005 the spread of the dispersion
between the highest level, 653 euros in Slovenia, and the lowest, 178 euros in Russia, was
3,66, which did not change much in 2011, i.e. was slightly reduced to 3,33, between the
level of 850 euros in Slovenia and that of 321 euros in Lithuania. Comparing to the levels
in USA (2352 euros) or EU-25 (1400 euros) the CEE countries are lagging far behind. It is
worth of noting that the dispersion among the countries is not that large if we take a look at
the ratio of ICT to GDP (Table 4). The ratio of the country with the highest share of ICT in
GDP, 4,8% in Estonia, to that with the lowest share, 2,3% in Lithuania and Romania, is
slightly above 2. The ratios did not change much over the period, so the spread remained
stable. This means that although the level of ICT expenditures rose significantly over time
and a wide initial dispersion in levels across the countries was just only slightly reduced,
their ICT/GDP ratio remained remarkably stable and much less differentiated. However,
the indicator at the end of the period was considerably below that for USA (6,3%) or EU-
25 (5,5%).

Thus, summing up the above statistical overview, we can conclude with some preliminary
hypotheses, as follows:

1. ICT sector grew in the CEE countries in 2005-20011 considerably, but at different
rates across individual economies; if we pool them with US and EU-25, and take
the initial level of GDP per head (2005) as a discriminating factor, it can be seen
that in general the countries with higher initial GDP per head ratio recorded slower
rates of growth for their ICT; a sort of structural convergence in terms of ICT sector
sizes relative to GDP per head (Fig. 1).

2. If we compare the initial nominal level of ICT per head with the subsequent growth
within the entire period for the same sample as above, we can again note an inverse
relationship: a higher ICT per head at the outset corresponds to a lower ICT growth
rate over the period (Fig. 2). This suggest a sort of retardation process evolving as



the ICT intensity per head increases during the ICT diffusion; consistent with the
diffusion theory of the product life cycle.

3. Finally, comparing ICT shares in GDP with period-averaged GDP growth rates, we
can find that the latter are inversely correlated with the ICT/GDP ratio (Fig. 3). This
finding may be surprising as it might suggest that ICT input works counter-
productive for economic growth.* However, after having disentangled this black
box of plausible interrelationships, it can be argued that at low levels of GDP and
ICT per head we observe higher rates of ICT increases, but also higher GDP growth
rates following convergence and marginal productivity theories. At higher levels of
GDP and ICT per head the rate of growth of ICT intensity is decreasing, but as ICT
shares in GDP get higher and higher its productivity is leveling off as other sources
of TFP are being exhausted. Therefore we can not find directly any positive impact
of higher ICT proportion in GDP on its growth rate as we could not find similar
relationship for capital intensity. Furthermore what is striking is a relative stability
of that proportion over time that was observed in our sample of the CEE countries.

A partial solution to this puzzle can be reached by a more detailed analysis of ICT impact
on productivity. A pioneer study on this issue covering the CEE countries was carried out
by B. van Ark and M. Piatkowski (2004) who found that the contribution of ICT capital to
growth of labour productivity was quite different in old and new EU member countries.”
While generally annual growth rates of labour productivity (measured as GDP per person
employed) are significantly higher in the catching up CEE countries that in the old Europe
and even the ICT contribution to growth rates is slightly exceeding that in the western
Europe, the relative ICT capital share in labour productivity growth in the CEE countries
are much smaller than in the old EU members. It is simply because the TFP share is more
powerful factor for labour productivity increase in the catching up CEE countries. Thus the
contribution of ICT capital increases in rising productivity levels, but they rise at a
decreasing rate. Hence declining productivity growth rates may correspond to increasing
ICT input to GDP. This may then be a partial explanation for our puzzle.

* This may sound as even a stronger supposition than the Solow’s paradox on ICT productivity.
® See B. van Ark and M. Piatkowski, (2004), p. 225.
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Figure 1: GDP/head (PPP EUR) in 2005 vs ICT growth (%) in 2005-2011
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Source: Own calculation based on EITO Report 2011, and EUROSTAT

Another interesting observation that can be read from the data relates to the IT and TT
shares in ICT total across countries and over time. There is a general correlation that
countries with lower GDP per head and ICT per head show higher share of
telecommunication in the whole ICT market and as they evolve over time their IT share,
and in particular IT services, in ICT market value increases at the expense of
telecommunication segment. It is then that economies with more mature and advanced ICT
sector indicate higher proportion of IT, and especially IT services, in the whole ICT market
value, and vice versa. This effect may be caused by the overlapping of various production
cycles within the same family of related technologies, in particular arising from
intertwining of technology development and diffusion trajectories of various related ICT
products /hardware and software with differentiated application scope and scale/.



Figure 2: ICT/head in EUR in 2005 vs ICT growth (%) in 2005-2011
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Figure 3: ICT as per cent of GDP in 2011 vs annual average GDP growth (%) in
2005-2011
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3. ICT trade integration between CEE and EU

An analysis of the trade pattern in ICT goods between the CEE countries and the old EU
countries can be reasonably framed within the technology gap theory with reference to
product cycle model, or even the flying geese concept of Akamadsu (1956). IT revolution
took off in the advanced economies and then spread to the CEE countries following a
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technology gap spillover dynamics determined by technology gap size and absorption
capabilities of catching up countries. The technology gap between the old EU and the CEE
countries has increased immensely in the area of IT technology over the eighties when the
IT revolution gained momentum in the world and the CEE countries remained relatively
closed to world trade and foreign investment. The opening up at the beginning of the
nineties created favourable conditions for spillover of ICT innovations, but the levels of
absorption capabilities varied across the region and were different for various innovative
products characteristics (knowledge- or scale-intensity, standardization-maturity).
However, the diffusion in ICT sector was much facilitated by product cycle fragmentation
and decreasing transaction costs of production relocation due to the advances in ICT
technology. Therefore, spillover processes often followed the trajectory of a product cycle
model in the sense that production of innovations originally introduced in the technology
frontier countries (old EU) has been subsequently relocated to catching up countries (new
EU) via outsourcing, foreign direct investment or strategic alliances. This had the result
accurately described by Akamadsu as a flying geese phenomenon. From the perspective of
catching up country the diffusion used to start up from importing innovative products,
whereas after having learnt the imported technology the imitator did set up its own
manufacturing of imitated product primarily for sale onto the local market, and finally for
export to the countries where it was originally introduced. The process is being observed in
changing trade patterns between technology frontier and catching up countries, and
especially in changing countries’ revealed comparative advantages in ICT exports which
we can investigate by using RCA indices defined by Balassa (1965).

Our analysis covers trade in ICT goods between the eleven CEE countries (Bulgaria,
Czech Republic, Estonia, Hungary, Lithuania, Latvia, Poland, Romania, Russian
Federation, Slovak Republic, Slovenia) and the EU-27 in the years 1996-2010. The data
used is based on 3-digit SITC rev.3 product classification from the WITS database®. We
have defined ICT products according to Dunnewijk and Meijers (2008) as:’

e Office machines and automatic data-processing machines (SITC 75),

e Telecommunication, sound-recording/reproducing apparatus, and equipment (SITC
76),

e Electrical machinery, apparatus, appliances and electrical parts thereof (SITC 77),

e Professional, scientific and controlling instruments and apparatus (SITC 87),

e Photographic apparatus, equipment and supplies, optical goods, watches and clocks
(SITC 88).

The selected range of products classified as ICT is rather broad and could be further split to
more homogenous categories. As suggested by Welfens and Vogelsang (2008) ICT
products differ in knowledge-intensity and scale-intensity.® These features might be crucial

® https://wits.worldbank.org/WITS World Integrated Trade Solutions compiled by Eurostat, UNCTAD,
WTO.

" T. Dunnewejk, H. Meijers, Chapter IIl. Empirical Analysis of the Competitive Trade Position, in H.
Meijers, B. Dachs, P.J.J. Welfens (eds.), Internationalisation of European ICT Activities. Dynamics of
Information and Communications Technology, Springer-Verlag, Berlin Heidelberg 2008, p. 85, and 263-
264. This classification includes electronic household equipment which is often not covered by a narrow
ICT goods definition.

8p.J.J. Welfens and M. Vogelsang, ibidem, p. 13-15.
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in terms of diffusion and absorption conditions as high knowledge-intensity requires high
human capital in host country for effective technology adoption, and high scale-intensity
raises the importance of comparative unit cost advantages and scale effects. Along these
two axes we can distinguish four product groups: innovative scale intensive (knowledge
and scale intensive), traditional scale intensive (knowledge extensive and scale intensive),
traditional niche products (low knowledge and scale intensity), innovative niche products
(high knowledge but low scale intensity). At the disaggregated 3-digit level it might be
possible to assign particular products to specific knowledge or scale intensity classes, but
without doing so formally we shall only confine ourselves to an intuitive assessment when
analyzing the results. Secondly, we will focus our analysis on proportions instead of
absolute values in order to avoid the problem of deflators, and since we are interested in
ICT sector integration within the EU we will concentrate on the intra-EU trade only.

The value of the ICT exports to the EU-27 of the eleven CEE countries under
consideration was in the range of 7 billion dollars in 1996 and rose to about 108 billion
dollars in 2010, while the total intra-EU-27 ICT exports increased in the same period from
215 billion dollars to 418 billion dollars. This is that as the EU-27 exports of ICT goods
only doubled the ICT exports of the CEEC multiplied by a factor of 15, though from a very
low base level. But export shares were not evenly distributed across the CEE countries.
Three largest exporters were Hungary (24% share in 2010), Czech Republic (26%) and
Poland (22%). Between 1997 and 2004, prior to the EU accession, Hungary’s exports
reached temporarily even 40% share of the total CEE exports of ITC. Czech exports share
was more or less stable while Poland increased its share visibly after the EU accession.
Apart from these countries only Slovak Republic (14%) and Romania (7,5%) enjoyed a
meaningful export position since other countries’ shares either did not exceed 2%, or
declined to around that level like Estonia, despite of manufacturing exports heavily
concentrated on ICT, or Slovenia.

Looking at the ICT share in country’s total manufacturing exports in the last 15 years we
can immediately note a significant difference between old and new members of the EU.°
As Fig. 4 shows the share of ICT exports in total manufacturing exports in the old Europe
remained more or less stable at around 20%, while the same ratio in the CEE countries
increased from a level much below that in the old EU countries to that above it in some
cases or close to in others. With the exception of early leaders Hungary and Estonia, with
30-40 % shares, in most of the CEEC at the beginning of the period the ratio was between
about 4% in Romania, Russia or Bulgaria and 14% in Slovenia or Lithuania. Shortly before
the EU accession Czech Republic passed the ICT level of EU exports followed by Slovak
Republic, with Poland and Romania catching up later on. Only Russia and Lithuania
stayed with low ICT intensity of exports unchanged. The picture becomes even more clear
when we take the ratio of exports to imports in ICT products. Here again, all the CEEC
except for Hungary and Slovenia exhibited deficits (the ratio below 50%) at the beginning
of the period. The situation dramatically changed after the accession for Slovak Republic,
Czech Republic and Poland as the value of their exports of ICT goods grew to exceed
twice that of their imports by now, while the position of Romania and Bulgaria also

% We take manufacturing exports as a benchmark because ICT products are basically manufactures and we
want to leave aside the problems of sectoral composition of various economies with different natural
resource endowments as determinants for development of agriculture and extracting industries.
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slightly improved. It should be stressed that the upward trend of the ratio was primarily
brought about by increases in exports because the share of ICT imports in total
manufacturing imports did not change much, showing hardly a moderate upward drift in
some countries. However, in both cross-sections an apparent convergence tendency in
ICT-export intensity could have been remarked.

Figure 4: ICT share in total manufacturing exports of CEEC in 1996-2010
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Source: Own calculation based on WITS database.

For evaluation of specialization trends we apply the Balassa’s revealed comparative
advantage index RCA calculated in a symmetric form which take values in the range +/-1.
In our application the indicator shows the ratio of the share of ICT exports in total
manufacturing exports of a country in question to the same measure for the benchmark
which in our analysis is the EU-27 ICT export share in total manufacturing exports. This
benchmark is quite comfortable because ICT-export intensity of the EU-27 did not change
much over the investigated period; so it is well-suited as a measuring device.

Fig. 5 shows the evolution of aggregate ICT RCA indices for individual CEE countries
which generally increased over time, especially for the countries lagging behind at the
beginning of the period (another confirmation of convergence hypothesis). It can also be
noted that almost all the CEE countries except for Hungary and Estonia had negative RCA
until the EU accession in 2004, only Czech Republic managed to switch from negative to
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positive RCA as early as in 2002. But finally, at the end of the period, there were left only
three CEE countries with negative RCA - Lithuania, Latvia and Russia, with Hungary still
at the top but being caught up by Czech and Slovak Republics, and further on also by
Poland and Romania. Surprisingly, Estonia has lost a large part of its initial comparative
advantage almost approaching zero in 2009. Also, in the evolution of aggregate ICT RCA
indices we can observe a convergence among the CEE economies; only the Russian
Federation continued to fall behind. In general, a switchover of comparative advantages
from negative into positive means that some CEE countries began to export more ICT
products in proportion to their total manufacturing exports than the old EU which signifies
that the production of some ICT products might have been relocated from the old EU to
new member countries. The question is which ones?

Figure 5: Revealed Comparative Advantages of ICT sector in CEEC in 1996-
2010
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Source: Own calculation based on WITS database.

In the subsector of computers (SITC 75) only two countries have displayed a positive
comparative advantage, Hungary from the very beginning, but has lost it at the end of the
period, and Czech Republic which achieved that position in the middle of the period and
still continued to improve it later on; finally, in the last year, Poland joined the club of
countries with positive RCA in computers industry. Other countries though actually
upgraded their competitive positions, in particular after the EU accession, did not reach
positive levels of RCA. Only Russia and Bulgaria lagged completely behind without any
improvement, and Estonia dramatically declined almost to the bottom from its initially
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positive position. In this subsector we could not notice any convergence, but rather
divergence ensuing from possible differences in absorptive capabilities and different
market scale effects.

In the telecom subsector (SITC 76) we have a much wider spread of comparative
advantages across the countries under consideration. Hungary and Estonia hold top
positions with positive RCA all time, and are being caught up with soon after the EU
accession by Slovakia, Czech Republic and Poland. However, the spread of comparative
advantages remained quite large all time, and despite some average improvement across
the group four countries were left with negative RCA until the end of the period —
Lithuania, Slovenia, Russia and Bulgaria. Nonetheless, an overall upgrading of
comparative advantage of the CEE countries in telecom equipment exports was more
impressive than in the field of computers.

The best average comparative position of the CEE economies appears to reside in the
subsector of electrical and electronic equipment (SITC 77). We can see here both visible
improvement, convergence and positive RCA in most of the countries after the accession.
Only Russia and Latvia remained disadvantaged all time, and Lithuania surprisingly lost
competitiveness after the accession. It might be that technology transfer was easier in this
sector due to a higher degree of standardization especially in consumer electronics, and
electrical appliances. This is why the companies from the CEE countries soon assimilated
sufficient technological knowledge to be able to supply advanced western European
markets with products of acceptable quality.

In the area of instruments (SITC 87), the prevailing RCA pattern is negative all time,
though generally improving, but only two countries, Hungary and Bulgaria, noted a
continued definite trend upward and attained positive levels of RCA finally. This was
mainly due to their specialization in measuring and controlling instruments (SITC 874),
and also medical instrument (SITC 872) in Hungary. There were as well registered some
temporary erratic upward jumps in Russia and Lithuania, but without any definite trend.
Estonia and Slovenia crawled around zero with minor upward and downward deviations.
This distribution of specialization may be typical for knowledge intensive niche industries
which seems exactly to be the case.

The trend in photo-optical goods was rather horizontal, but in similarly negative RCA
values with some minor improvements in Czech Republic or Slovenia. The only country
that achieved positive RCA index through a systematic upward climbing was Bulgaria.
This is also a knowledge intensive niche industry and Bulgaria exhibited a systematic
specialization in photographic and cinematographic supplies (SITC 882), possibly through
subcontracting agreements.

The share of ICT imports in total manufacturing imports of CEE countries did not change
in aggregate, but some structural changes were visible. Computer imports share was
declining and that of telecom equipment increasing, as well as electrical equipment imports
in some countries. General increase of aggregate ICT share in manufacturing imports could
be noted only in Bulgaria, Hungary, Romania, Slovak Republic. A relatively stable ICT
import share in CEE manufacturing imports was paralleled by a similarly stable share of
ICT exports in total manufacturing exports of the old Europe.
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Some structural and volume changes in ICT exports could have been remarked rather in
the CEE countries, while in the old EU members the export proportions between
computers, telecom and electrical equipment remained more stable and balanced, with only
a slightly declining share of computers, and an increasing telecom equipment. On the
contrary, in the CEE area we were faced with increases both in value and share of ICT in
total manufacturing exports, which over time tended to exceed imports in most of the
CEEC, especially after the accession. In the whole EU the specialization pattern was more
balanced across subsectors, while the CEE countries concentrated more and more on
specific niches. In particular, larger economies tended to specialize both in knowledge
intensive and scale intensive ICT subsectors like computers, what was the case in Hungary,
Czech Republic and finally Poland which exhibited positive RCA in the subsector.
Medium sized CEE economies with sufficient absorption capabilities like Slovakia and
Estonia joined the group of larger economies in telecom equipment exports, followed by
other small economies attempting to catch up. RCA indices improved in that sector with
less important economies of scale, but the differentiation of comparative advantages across
countries remained quite large. The greatest average progress in RCA was attained in the
subsector of electrical appliances where high rate of convergence signifies easy technology
transfer, perhaps because of relatively less knowledge intensity, and this subsector usually
took the largest and fastest growing share in ICT exports of the CEE countries. Finally, in
the other two niche subsectors (instruments and photo-optical goods) with differing
knowledge intensity, specialization improvement was incidental and negative RCA
prevailed.

On the whole, we may presume that the CEE economies took over some products more
matured in the perspective of product cycle and supplied them back to the more advanced
EU economies. The process was intensified through the EU enlargement and extension of
the common market. To test this flying geese model we pooled the data series on ICT
exports/imports, ICT/head, and ICT/GDP ratios and found a positive and significant
correlation between both ICT exports/imports ratio, on one side, and either ICT/head or
ICT/GDP ratios, on the other side. In both cases the correlation found was more than 50%
being slightly stronger regarding the former relationship (ICT/head).
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1996

-0,884
-0,601

0,125
-0,817
-0,828
-0,753
-0,866
-0,984
0,873
-0,930
-0,947

-0,849
-0,542

0,384

0,082
-0,147
0,571
-0,282
-0,887
-0,627
-0,385
-0,550

0,378
0,056
-0,269
0,388
0,147
-0,198
-0,025
-0,431
-0,606
0,121
0,160

-0,630
-0,237
0,221
-0,100
0,473
-0,656
-0,504
0,777
0,376
-0,340

0,110

0,522
0,318
0,772
-0,361
-0,382
-0,638
-0,829
-0,862
-0,507
-0,799
-0,182

1997

-0,950
-0,681
-0,339

0,370
-0,775
-0,677
-0,913
-0,991
0,877
-0,861
-0,957

-0,849
-0,591

0,682

0,464
-0,086
-0,664

0,013
-0,955
-0,665
-0,244
-0,581

-0,541
0,123
-0,153
0,331
0,157
-0,128
0,033
-0,415
-0,621
-0,056
0,184

-0,653
-0,287
0,221
-0,363
-0,413
-0,652
-0,563
-0,768
-0,340
0,477

0,021

0,517
0,316
-0,793
-0,638
-0,545
-0,760
-0,713
-0,788
-0,328
-0,848
-0,138

RCA indices of ICT subsectors in CEEC in 1996-2010

1998

-0,965
-0,580
-0,625

0,294
-0,786
0,741
-0,881
-0,954
-0,867
-0,708
-0,944

-0,896
-0,502

0,685

0,438
-0,384
-0,787

0,016
-0,817
-0,779
0,327
-0,707

-0,527
0,199
0,171
0,251
0,104
-0,278
0,038
-0,290
-0,653
-0,053
0,195

-0,540
0,216

0,028
0,416
0,278
-0,495
-0,577
-0,693
-0,319
-0,509

0,056

0,410
-0,266
-0,864
-0,634
-0,668
0,716
-0,762
-0,735
-0,598
-0,904
-0,259

1999

-0,934
-0,645
0,748

0,336
-0,824
-0,834
0,873
0,521
-0,799
-0,553
-0,934

-0,854
-0,607

0,655

0,395
0,424
0,775
-0,047
-0,743
-0,658
0,421
0,741

0,416
0,176
0,122
0,269
0,107
0,424
0,104
-0,186
-0,141
0,039
0,231

-0,484
-0,303
-0,002
-0,432
-0,282
-0,225
0,518
-0,749

0,204
-0,539

0,075

-0,154
-0,346
-0,824
0,519
-0,686
-0,607
-0,820
-0,782
-0,506
-0,894
0,148

2000

-0,885
-0,508
-0,842

0,347
-0,793
-0,821
-0,882
0,516
-0,904
0,678
0,927

-0,854
0,421

0,747

0,415
-0,507
-0,813
-0,160
-0,035
-0,849
-0,498
-0,683

-0,392
0,207
0,173
0,284
0,066
-0,437
0,062
-0,137
-0,307
0,013
0,240

-0,560
0,318
-0,010
-0,348
-0,262
-0,129
-0,571
-0,744

0,257
-0,557

0,009

0,074
-0,343
-0,813
-0,369
-0,746
-0,597
-0,862
0,717
-0,601
-0,931
-0,144

2001

-0,893
-0,266
-0,860

0,166
-0,758
-0,736
-0,907
0,717
0,972
-0,745
-0,915

-0,802
0,112

0,724

0,510
-0,536
-0,697
-0,049
-0,132
-0,870
0,341
0,732

-0,346
0,172
0,178
0,263
0,054
-0,481
0,042
-0,070
-0,489
0,003
0,222

-0,462
-0,246
0,138
-0,189
0,211
-0,543
-0,554
-0,670

0,115
-0,473

0,035

0,161
-0,358
-0,856
-0,220
-0,657
-0,589
-0,862
-0,554
-0,744
-0,946
-0,199

2002 2003 2004
Computers SITC 75
-0,820 -0,775 -0,814
0,230 0,168 0,166
-0,849 -0,806 -0,874
0,183 0,236 0,193
-0,785 -0,752 -0,532
-0,702 -0,720 -0,695
-0,882 -0,892 -0,853
-0,930 -0,824 -0,878
-0,931 -0,901 -0,916
-0,725 -0,483 -0,225
-0,902 -0,876 -0,855
Telecom SITC 76
-0,679 -0,546 -0,729
-0,203 -0,070 0,092
0,616 0,653 0,710
0,582 0,640 0,678
-0,434 -0,322 0,003
-0,701 -0,650 -0,610
0,009 0,029 -0,029
-0,201 -0,129 -0,159
-0,831 -0,867 -0,893
-0,384 -0,396 -0,135
-0,683 -0,693 -0,835
Electrical SITC 77
-0,177 -0,021 0,039
0,133 0,243 0,298
-0,024 0,046 0,034
0,261 0,344 0,313
-0,014 0,132 0,193
-0,356 -0,238 -0,201
0,108 0,200 0,205
0,082 0,180 0,264
-0,408 -0,556 -0,591
0,082 0,162 0,234
0,279 0,341 0,353
Instruments SITC 87
-0,401 -0,289 -0,270
-0,293 -0,149 -0,108
-0,042 0,038 0,030
-0,135 0,026 0,069
-0,206 -0,090 -0,110
-0,456 -0,225 -0,206
-0,548 -0,387 -0,343
-0,686 -0,671 -0,577
0,054 -0,284 -0,599
-0,432 -0,414 -0,444
0,032 0,100 0,067
Photo-optical SITC 88
-0,006 0,003 -0,028
-0,424 -0,264 -0,335
-0,891 -0,869 -0,928
-0,212 -0,260 -0,379
-0,657 -0,644 -0,586
-0,554 -0,541 -0,555
-0,860 -0,786 -0,637
-0,641 -0,615 -0,655
-0,682 -0,648 -0,727
-0,897 -0,821 -0,687
-0,121 -0,024 0,028

2005

0,776

0,191
-0,863

0,141
0,279
-0,506
-0,829
-0,760
0,929
0,121
-0,882

0,713
-0,067
0,699
0,599
0,018
-0,455
0,005
-0,396
-0,900
0,192
-0,860

0,033
0,201
0,064
0,288
0,082

0,219
0,182
0,291

0,627
0,144
0,246

0,177
0,228
-0,079

0,101
0,156
-0,269
-0,370
-0,480
0,547
0,521

0,014

0,077
-0,140
-0,935
-0,638
-0,400
-0,382
0,627
-0,763
-0,662
0,616
-0,085

2006

-0,751

0,302
-0,763

0,099
-0,206
-0,505
-0,834
-0,541
0,922
-0,242
-0,815

-0,782
-0,138
0,521
0,464
-0,099
-0,590
0,035
-0,570
-0,540
0,363
-0,852

0,128
0,220
0,213
0,335
0,039

-0,155
0,232
0,390

-0,649
0,137
0,265

0,060
-0,222
-0,085

0,206
0,129
-0,595
-0,386
-0,453
-0,492
-0,492
-0,008

0,123
-0,255
-0,830
-0,651
-0,336
-0,203
-0,582
0,722
-0,730
-0,684
-0,001

2007

-0,796

0,363
-0,511

0,174
-0,246
-0,202
-0,700
-0,503
-0,889
-0,382
0,762

-0,457
0,214
0,383
0,580

-0,054

-0,185
0,278

-0,518

-0,583
0,583

-0,847

0,222
0,243
0,308
0,338

-0,041

-0,259
0,261
0,428

-0,556
0,099
0,270

0,180
-0,188
-0,024

0,318
-0,026
-0,665
0,372
-0,359
-0,335
-0,454
-0,063

0,148
0,273
-0,862
-0,692
-0,552
-0,037
-0,626
-0,838
-0,579
-0,564
-0,020

2008

-0,805

0,389
-0,571

0,132
-0,340
-0,246
0,277
-0,190
-0,870
0,312
-0,390

-0,281
0,289
0,395
0,615

-0,194
0,199
0,315

-0,180

-0,902
0,644

-0,765

0,228
0,215
0,281
0,315

-0,168

-0,301
0,169
0,427

-0,589
0,058
0,243

0,159
-0,225

0,037

0,283

0,023
-0,628
-0,387
-0,258
-0,432
-0,429
-0,059

0,063
-0,234
-0,834
-0,629
-0,567
0,218
-0,683
-0,856
-0,756
-0,718

0,048

2009

-0,797

0,386
-0,693
-0,013
-0,532
-0,089
-0,027
-0,542
-0,783
0,423
-0,392

-0,014
0,251
0,313
0,688

-0,035
0,268
0,366
0,246

-0,756
0,678

-0,667

0,153
0,038
0,099
0,157

-0,416

-0,392
0,004
0,252

-0,633

-0,098
0,121

0,001
-0,342
0,125

0,137
-0,019
-0,590
-0,516
-0,302
-0,426
-0,509
-0,191

0,120
-0,168
-0,830
-0,650
-0,581
-0,500
-0,664
-0,885
-0,804
-0,665
-0,140

2010

0,712

0,447
-0,762
-0,107
-0,469
0,122

0,027
0,512
-0,867
0,413
0,476

-0,186
0,239
0,564
0,681

-0,008
0,323
0,363
0,313

-0,835
0,656

-0,632

0,356
0,253
0,321
0,339

0,214

-0,190
0,203
0,424

-0,542
0,109
0,327

0,148
0,276

0,005

0,300

0,064
-0,330
-0,369
-0,184
-0,280
-0,408
0,121

0,112
0,117
-0,707
-0,564
-0,500
-0,256
-0,583
-0,765
-0,800
-0,709
-0,005
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4. Case Study: ICT sector in Poland

4.1 General characteristics and structural changes

According to GUS (Central Statistical Office) statistics the ICT sector in Poland grew by
44% in 2004-2008, and by EITO statistics it grew only by 29% from 2005 through 2011;
despite a visible slowdown the rates still remain impressive. What is noteworthy Poland
survived the global economic crisis better than most of other European economies. This
can be seen in the ICT market that slightly declined by 5% in 2009, but within two years
recovered to the pre-crisis level what among the CEE countries was only attained by
Slovenia and Russia. This was probably due to a large domestic market but nonetheless
exports did also play a positive role. The strongest upswing was observed in IT segment
that confirms our conjecture on the acceleration of IT relative to TT as the country matures
in ICT. Finally, ICT expenditures per head in 2011 are expected to be at the level of 428
euros, and ICT share of GDP at 2,8%. It is true that Poland is not on the top of ICT
development trajectory in Europe, but it is well on the way of convergence to the EU
mean. The value of ICT market per capita placed Poland in 2010 behind Czech Republic,
Slovakia, Hungary or even Latvia and before only three EU states: Bulgaria, Lithuania and
Romania.

Figure 6: Value of the ICT market (per capita), 2010 (€)
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Source: European Information Technology Observatory (EITO) and EUROSTAT, 2010

The ICT sector in Poland comprises now about two thousand enterprises which employ
close to 200 000 people (191 000 in 2008). That is comparable to the size of the Polish
banking sector. Between 2004 and 2008 ICT employment rose by 40 thousand (i.e. more
than 20%). The increase in the number of firms was mainly due to a spectacular growth in
the pre-crisis year 2008 when the number of new firms was up 20% year on year, and
concentrated mostly in ICT services (30%). Henceforth, a reorientation of newcomers
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towards services is to be noted in contrast to what was observed in the first half of the
decade. The other remarkable change was a faster growth of the number of firms in
information technology than telecommunication segment in the second half of the decade
compared to the previous period. These tendencies signify an upgrading of the ICT
production structure towards more mature phases of ICT product cycle that could be
identified in advanced economies. The data show that IT services share in ICT
employment increased from 21% to 29% over the period of 2004-2008 (GUS) and the
market value share of IT (comprising equipment and services) in total ICT rose from 19%
to 35% between 2005 and 2011 (EITO), while the share of telecommunication market
decreased proportionally. New trends in the evolution of ICT market may have been
underpinned by a gradual saturation of the pent-up demand for telecom services inherited
from the former planned economy system.

Looking from the product characteristics side, the IT market growth was driven by the
consumer’s demand shift from desktop to portable computers of which sales accounted for
a major part of IT equipment segment. Considerable demand for IT equipment was also
created by tenders of governmental institutions and private enterprise business for server
infrastructure and external disk storage projects. IT service market which is dominated by
the local Polish IT companies was traditionally driven by orders from financial and
telecommunication sectors. In this market segment information technology competences
have been fully absorbed by indigenous service providers and foreign companies have not
been playing any important role since the late nineties.®® In contrast, the
telecommunication segment remained relatively stable over time, with only mobile
telephony (especially smartphone penetration rose to 34% in 2011, one of the highest in
the CEE) having continued to rise in sales even in the crisis year. However, the revenue of
carrier service providers did not record any notable increase and remained rather stagnant.
This may be due to an overcrowded marketplace in Poland with the largest number of
virtual players in the CEE countries.

It should be stressed that the ICT market and production in Poland depends heavily on
foreign trade, imports and exports. At the initial stages of technology transfer the economy
was dominated by imports in ICT sector. But this has been gradually changing over time.
While in 2004 total ICT exports amounted to 16 billion PLN by 2008 (pre-crisis) it reached
22,5 billion PLN (an increase by 40%), and in the crisis year 2009 it almost doubled its
pre-crisis level to 35,8 billion PLN. On the other hand, ICT imports rose between 2006 and
2009 only by 15,7% from the level of 33,8 billion PLN to 39,1 billion PLN. This is why
the ICT trade deficit of Poland decreased in this period from 13,2 billion PLN to 3,3 billion
PLN. Over the same period the share of ICT in total Polish exports increased from 6% to
8,5%, and the share of ICT imports in total imports slightly decreased from 8,6% to
8,4%.™

It is then remarkable that during the slowdown of 2009 Polish ICT exports visibly
increased despite an overall demand crash in the Western Europe. The only explanation
can be that the quality of ICT products has become comparable to Western standards so

10 See also S. Kubielas (2000).

11 This section is based on the data by GUS (Polish Central Statistical Office) which do not include a major
part of consumer electronics under the definition of ICT. They may be different from the data used in the
proceeding sections based on a broader definition of ICT.
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that they could become good substitutes for domestic production on old EU-members
markets, and price competitive; according to the flying geese model. Thus in some
segments of ICT market we can note an appearance of the succeeding phase of PLC when
the product is being imported by the country of its prior invention (origin). Productivity in
ICT production is well above the average of manufacturing and services; in 2008 the
difference in labour productivity was estimated at 28% by GUS, and the advantage of IT
services was still higher. Additionally, though higher than in other sectors wages in ICT
increased at a slower rate than elsewhere in the economy. So both these factors may
contribute to comparative advantages in trade that would explain the ICT trade balance of
Poland during the slowdown.

Table 6: Main characteristics of the Polish ICT sector development
ICT employment 2004 2005 2006 2007 2008
ICT Total 150 980 153 460 165 082 181 494 190 822
ICT Equipment 58 583 61 069 67 107 75978 73 809
ICT Services 92 397 92 391 97 975 105 516 117 013
IT Services 32 195 34 900 39431 40 054 54 130
Telecom Services 57 600 54 492 55 532 56 796 58 170
ICT Services in ICT in % 61,2 60,2 59,3 58,1 61,3
IT Services in ICT in % 21,3 22,7 23,9 22,1 28,4
ICT sales Million PLN 2004 2005 2006 2007 2008
ICT Total 75 423 77 557 86 842 99 553 108 354
ICT Equipment 23 491 23 562 29 442 34 321 34 358
ICT Services 51932 53 995 57 400 65 232 73 996
IT Services 10 523 11581 12 403 14 323 17 574
Telecom Services 37 396 38190 40 182 42 270 45 834
ICT Services in ICT in % 68,9 69,6 66,1 65,5 68,3
IT Services in ICT in % 14,0 14,9 14,3 14,4 16,2
ICT exports Million PLN 2004 2005 2006 2007 2008
ICT Total 15944 14 705 20 625 24 439 22 460
ICT Equipment 13671 12 126 17 644 20 546 17 697
ICT Services 2272 2578 2980 3893 4764
IT Services 1574 1766 1830 2275 2948
Telecom Services 638 712 808 986 1012
ICT imports Million PLN 2006 2007 2008 2009
ICT Total imports 33 800 30 500 36 600 39 100
ICT trade balance -13 175 -6 061 -14 140 -3 300
Total exports 343 800 386 600 405 400 423 200
ICT share in exports 6,0 6,3 55 8,5
Total imports 394 000 456 800 497 000 463 400
ICT share in imports 8,6 6,7 7.4 8,4

Source: Information Society in Poland, GUS, 2010, 2011.
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4.2  ICT users in Poland: households and enterprises

Major contribution of ICT to economic welfare, growth and productivity comes not from
ICT production itself but from diffusion of information and communication technologies
among economic entities, households and enterprises. Unlike ICT manufacturing (in
particular that of equipment), the assimilation of ready-to-implement ICT products does
not require much current or cumulated R&D effort, but rather an adequate level of human
capital in terms of skill and education. Thus, skills not R&D is the main factor of
absorption capability in the process of ICT diffusion (apart from capital investments on
infrastructure). In this respect the CEE countries seem to be advantaged in comparison to
the Southern European EU members, because of their relative higher average education
level. This may facilitate a fast spreading of general purpose technology like ICT.

Table 6 shows that although full catching up with the EU might not yet have been
completed we can see an impressive acceleration in the second half of the last decade. The
gap of Poland to the EU-27 in computer access in households was almost closed in 2010,
and the diffusion was surprisingly fast in rural areas where the access rate almost doubled.
A similar tendency can be seen in internet access by households which has also approached
the EU-27 average, and in rural areas more than doubled within four years. What is still
clearly lagging behind is the proliferation of broadband, especially in rural areas.

In the enterprise sector, a still higher rate of ICT diffusion can be observed and the catch-
up process is nearly done. Computer access reached the EU-27 average and in large
enterprises stays at 100% since 2007. In 2008 Poland reached the EU average internet
access by enterprises of 93%, and now the sector is investing mainly in integrating internet
with ongoing management practices.

Table 7: ICT access and usage by households and enterprises in Poland
2006 2007 2008 2009 2010
Households in %

Computer access 45,4 53,7 58,9 66,1 69,0
Big cities 52,9 60,0 64,0 71,5 72,9
Rural area 36,4 46,0 52,8 60,2 63,7
EU-27 average 68,0 71,0

Computer usage 43,0 46,2 49,9 55,3 57,7

Internet access 35,9 41,0 47,6 58,6 63,4
Big cities 45,6 49,9 56,0 65,1 68,8
Rural area 25,1 28,9 36,1 50,5 56,2
EU-27 average 60,0 64,5
Broadband 21,6 29,6 37,9 51,1 56,8
Big cities 31,5 40,3 48,7 60,7 63,7
Rural area 9,8 16,2 23,9 40,6 46,9
Broadband/Internet 80,0 87,0 90,0

Internet usage 34,4 39,0 44,3 51,6 54,6

Enterprises in %

Computer access 93,0 95,0 95,0 93,0 97,0

Internet access 89,0 92,0 93,0 90,0 96,0
Min. density region 83,0 n.a. 88,0 85,0 91,6
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Max. density region 96,0 n.a. 98,0 93,0 98,5
Broadband 46,0 53,0 58,0 58,0 70,0

Source: Information Society in Poland, GUS, 2010, 2011.

5. ICT sector performance and services in the CEE countries

5.1 ICT performance in NRI perspective

One of the most popular indexes measuring ICT development is Networked Readiness
Index (NRI) positively correlated with GDP per capita. The correlation ratio for EU-27
equals 0.7, but in CEE countries the relationship is not so strong (correlation ratio equals
0.57 in this case) but still positive. Within the CEE members, the best effects reached
Estonia, the country with not the highest GDP p.c. level but with NRI almost as high as in
Belgium. The worst situation was noted in Slovakia and Bulgaria. Slovakia, despite of
quite high GDP p.c. level, has poor NRI performance. What is more, Slovakia reached the
worst scores in government and infrastructure spheres (in 2011). Individual usage
performed well in Slovakia, on contrary to individual readiness. Despite of low level of
ICT education, the Slovakians are active (but not sophisticated) internet users. On contrary
are the Polish, where networked readiness is higher than usage. Problems are not abilities
but possibilities of the Polish society (details in Table 7). Poland keeps better scores in
individuals’ subindexes than in regulatory and government usage. The Polish
administration has low ICT equipment level. Even if e-government services improved, it
didn’t translate into its usage by administration.
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Figure 7: NRI and GDP per capita across CEE countries (2010/2011)
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The distribution of ICT usage and readiness across EU countries seems to be a proof of no
uniform information society scenario across CEE countries. For example, Polish ICT
evolution is a consequence of open economy and open market introduction at the
beginning of economic transformation. Enterprises were the first market players to face the
post-transition reality. The second were individuals, with no obligations but just having
their own preferences. And finally were formal institutions, where there are some “old
thinkers” still. The ICT development is just a photograph of the market players’ status in
the new Polish reality. Slovakia’s case, instead, shows another ICT development path with
different regulations, implementation and internet users’ profile. The biggest outlier in this
case is Estonia, with extremely high Networked Readiness Index. Estonia performed well
thanks to its Finish linkage. As a post-transition country, Estonia has low labour cost, and
additionally, Estonian government pursues a low-taxes policy that encouraged
neighbouring Finland to invest and run business in Tallin instead of Helsinki.
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Table 8: NRI ranking across European Union states, 2010
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Source: World Economic Forum (The Global Information Technology Report 2010/2011)

Networked readiness is extremely important for competitiveness level. The higher the
networked readiness, the higher the competitiveness (see Figure 8.), especially in the
developed EU states, where the correlation is higher than within the CEE countries (0.96
and 0.74 respectively). It may suggest that competitiveness performance increases with the
level of development, mainly thanks to implemented ICT technologies. It is in particular
true as far as we are talking about Sweden, Denmark, Finland, Netherlands, Germany,
Great Britain, France, Austria, Belgium or Luxemburg. There the regression is linear with
R?=0.94. The CEE countries’ ICT models are unlike each other what can be seen in
R?=0.54 for linear regression. Poland is an outlier within CEE countries. Excluding Poland
from CEE, linear regressions’ R? improves up to 0.8, automatically. Poland appears to be

more competitive than predicted by the regression.
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Figure 8: The relationship between the NRI and GCI, across CEE countries
2010/2011
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Source: Own calculation based on: World Economic Forum, The Global Competitiveness Report
2010/2011; The Global Information Technology Report 2010/2011

Other parameters worth taking into account in ICT development benchmarking are labour
productivity and NRI. In accordance with Figure 9, all EU states can easily be divided into
three separate groups. First of them are “old” members (with Scandinavian countries on the
top) where productivity and the level of network readiness (NRI) are both very high. It
might suggest a strong relationship between productivity and technological progress, but
the statistics would deny such a straightforward relationship in this case: there is no
regression between productivity and NRI for the countries at a certain level of maturity.
This seems to be consistent with our previous finding that at a certain level of maturity
with high proportion of ICT investment in GDP its impact on the rates of productivity
increase and GDP growth declines, despite the fact that the relative contribution of ICT to
productivity increases as compared to less advanced countries. The second group is created
by “new EU members”. They all have low level of productivity and relatively low level of
network readiness (NRI), but the relationship between these two components shapes in a
regular linear regression positively sloped (especially after excluding Slovakia, Poland, and
Estonia).*? The final third group are lagging behind countries from “old” EU (GR, IT, ES)
that have not passed the magic 4.5 points in NRI yet, although they keep quite high levels
of productivity.

2 poland has extremely low NRI level and Estonia has very high NRI.
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Figure 9: Labour productivity per person employed and NRI
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5.2 The development of ICT services

5.2.1 Broadband

Poland places 25™ in scoring (across 27 EU states) of broadband penetration rate per head
with 16% of population using fast internet connection (Figure 10). The EU states staying
behind Poland, are the two last EU members from CEE: Bulgaria and Romania. The rest of
the CEEC are placed above Poland but at the tail of the old EU members. Taking into
account that broadband internet connection is household dedicated service (not a personal
service with couple of connections within one household), Polish as well as CEE statistics
improves greatly (Figure 11). But important are also parameters of the connection,
especially because owing to high speeds, advanced services (like multimedia services)
become available. The list of internet connection speeds is presented in Figure 12. The
speed of connection is strictly correlated with broadband development. The bests are
Greece, Bulgaria and Romania. The quality of connection is low in Poland as far as the
most popular speed is between 144 kb/s and 2 Mbit/s. Next to Poland is Estonia, with poor
speed performance. Amazing high position of both Bulgaria and Romania is a result of
young network tradition. These states started their infrastructure investments recently and
that is why they used the latest standards of connections and technologies. It all means that
CEE countries are able to compete in infrastructure quality with better developed
countries, that can be labeled a ‘leapfrogging’.
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Figure 10:  Broadband penetration rate per head in EU states (January, 2011)
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Figure 11:  Households broadband internet access in selected EU states
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It is worth adding that broadband statistics are often underreported, In particular,
contribution of internet access from local small providers is believed to be seriously under-
reported in Poland. Cable TV operators, free from heavy-handed regulation became large
internet service providers, which focused on high density areas, holding a dominant
position in local areas, but still having only a few percentage market share in a whole
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country scale. Polish case is a specific one, even among post-transition countries. But it is
not the only non-typical observation, the other is the Czech Republic. It has mobile
broadband developed well enough to substitute fixed connections what also gives a certain
level of underestimation (as far as mobile broadband access is not calculated into
broadband internet).

Talking about broadband without having mentioned of fibre (FTTH technology) is useless.
Fibre-optic networks are built not only in developed EU countries, but also in CEE
members. But the models are different. In Poland for example, till the end of 2008 the
Polish incumbent didn’t build any single fibre line, except for a 6-month trial in Warsaw.
On the other hand, local operators have their own fibre network at the last mile level. In
October 2009, after an “investment strike”, the incumbent operator and the regulator made
an agreement. The regulator (UKE) dropped TP SA functional separation plans and
promised stable regulations and new BSA rates (implementing cost plus instead of retail
minus formula). TP SA, on the other hand, was obliged to build 1.2 bin of fast broadband
connections within 3 years. Nowadays the balance is still poor for fibre networks in
Poland. Total number of FTTH subscribers in December 2009 was estimated by the FTTH
Council at 21,000, what gives a penetration rate at about 0.055% (probably the lowest in
Europe). The statistics should improve as soon as the main infrastructure projects will end.
On the contrary, Slovakia is one of the examples of beneficiaries of EU funds that enabled
to well develop a mobile infrastructure despite the lack of DSL technology. Satisfying
level of FTTH has also been attained by Slovenia and Estonia.

Figure 12:  Fixed broadband lines by speed, 2010
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5.2.2 Mobile and e-services

The importance of mobile services becomes higher and higher systematically, what is
measured by raising mobile penetration rate. Some of CEE countries performed extremely
well in this indicator — i.e. Lithuania (with 147%), Latvia (136%) and Bulgaria (133.4%).
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Within all EU countries only France reached penetration rate below 100%, caused by
substitutive infrastructure. Mobile penetration rate depends on fixed penetration rate rather
than on overall country development. It implies that CEE countries are indistinctive from
other EU members from mobile penetration ratio point of view. It is a consequence of
investment rate of return, but also European regulatory policy and liberalization process.
Mobile policy seems to be pursued in a competent way, making all rules not as strict as for
fixed telephony. We can also observe mobile-fixed substitution in CEE countries — the
same trend as in the rest of the world.*® Recent initiatives in the area, such as Radio
Spectrum Policy Programme, turned the attention to mobile broadband, including rural
areas. It will surely improve mobile popularity as much as fixed broadband internet did. Of
course, not in all the CEE countries mobile access develops at the same pace. Analyzing
each country in more detail, it is visible that Poland has abnormal high level of SMS and
MMS and extremely low number of MVNOs (mobile virtual network operators). The
opposite is Hungary with its well developed mobile market competition and many
profitable MVVNOs.
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Penetration rate for e-services in most CEE countries has improved recently. One of the
example is Poland getting 13" place (with 46% internet users) in e-commerce — just
between Belgium (49%) and Slovakia (42%). E-commerce increases faster in Poland than
EU average, so the ranking may give Poland higher location in next years. Leaders are still
the old EU members: United Kingdom (79%), Denmark (76%) and Netherlands (74%). At
the bottom Lithuania (17%), Bulgaria (11%) and Romania (9%) are located. The fact is
that e-commerce in post transition countries (in Poland mainly) grows very fast and

13 As an example, the strong point of the Polish case is really poor fixed infrastructure performance vs good
wireless and mobile infrastructure. It is a consequence of regulatory policy and liberalization process, as
well as the infrastructure investments in favour of mobile network.
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nowadays is one of the most important e-services. Polish enterprises have about 7%
turnover from electronic trade (the EU average was about 13% the same time). According
to data, the bigger is an enterprise the bigger is its e-trade turnover. The biggest e-
commerce rate of growth (within all EU, not only CEE countries) was noted in Poland.
This extremely high popularity first of all is because of auction platforms (mainly Allegro
and e-Bay). They generate more revenue than online shops, but in fact online shops are
also active players on auction platforms so the data may be misleading.

CEE countries have also excellent performance in internet banking. The leader, not only
from CEE point of view, but within EU as a whole, is Estonia. The usage of internet
banking within the last 3 months, ranks Estonia on the 2nd place (with 98% of
individuals). But even other CEE countries performed well in e-banking usage and in many
cases it is true that they just left behind the early stage of banking development, when
people were distrustful to the new opportunity of time savings.

Figure 14:  Percentage of individuals who used internet banking in the last three
months, 2010
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As talking about e-administration, it must be confirmed that CEE countries didn’t reach the
highest notes. The best within the group were Slovenia, Latvia and Estonia (13", 14™ and
15™ position across EU-27, respectively). Poland, for many years was one of the worst
within EU countries in e-administration area. Administrative employees appeared to be a
bottleneck. In 2009 one of the Polish research institutes checked clerks’ e-skill and
published its shocking backup. The latest data show that Polish situation stopped being one
of the worst. Of course the improvement was not only a result of market development, but
it was certain strategic plan of the Polish government mainly. Online income taxes
implementation, e-signature, multimedia guides for agencies’ clients — it all gave the
expected performance. The demand side was also more conscious and had wider
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possibility to get needed internet connection. The biggest accelerations were in business
sphere. Now came the time to make e-services in administration more sophisticated, and
more complex. More complex will be services, more internet users are expected to use it.

E-health is the next online service which seems to have brilliant future. Taking into
account the lack of time in modern societies (stress, unhealthy food, sport avoiding) and
the fact that the society is getting older, health problems turn out to be crucial not only
within “old” EU members, but also within CEE countries. Although e-health services are
at the beginning of its development in many countries, their distribution is not much
diverse between EU and CEE countries (Figure 16). Amazingly, high scores are for
Hungary and Slovenia, when the weakest were Czech Republic, Bulgaria and United
Kingdom. Poland keeps a quite good position (in nearby of EU average with its 43% of
individuals).

Figure 15:  Changes in availability of e-administration in European states
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Figure 16:  Percentage of individuals who used Internet for seeking health
information in the last three months, 2010
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6. Conclusions

ICT market in Central and Eastern Europe is undergoing a fast transformation caused
primarily by a diffusion of interrelated ICT innovations. ICT sector grew in the CEE
countries considerably in 2005-20011, but at different rates across particular economies.
However, there could be noticed a convergence tendency accompanied by a sort of
retardation process setting in as the ICT intensity per head increased during the diffusion.
Surprisingly, we found a negative correlation of period-averaged GDP growth rates with
the ICT/GDP ratio across countries. It could be explained by arguing that ICT is gaining
importance with higher GDP and ICT rates per head, but with higher ICT/GDP ratio (and
higher ICT capital intensity of labour) GDP grows at decreasing rates. This might be
interpreted as another evidence for diminishing marginal returns, even in the knowledge-
based economy, similar to that of capital with increasing capital intensity. There could also
be found another similarity in relative stability of the ICT/GDP ratio in individual
countries over time. This resembles some properties of the neoclassical production
function when ICT be substituted for capital.

It was also noted that CEE economies with more mature and advanced ICT sector had
indicated higher proportion of IT, and especially IT services, in the whole ICT market
value, which increased at the expense of telecommunication segment, and vice versa. This
effect might have been caused by the overlapping of various production cycles within the
same family of related technologies, in particular arising from intertwining of technology
development and diffusion trajectories of various related products in information
technology, telecommunications or related services.
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There was found a close relationship between Networked Readiness Index (NRI),
measuring ICT development, and GDP per capita, competitiveness, and labour
productivity. The indicators were generally positively correlated with NRI, but the
correlation appeared to be stronger for more advanced EU countries than for catching up
CEEC. In the latter case other non-ICT factors were likely to be also responsible for
growth and competitiveness. We have expected a strong relationship between productivity
increases and technological progress expressed in NRI, but the statistics would deny such a
straightforward relationship: there was no correlation between productivity and NRI for the
countries at the top level of ICT maturity. This seems to be consistent with our finding that
at a certain level of maturity with high proportion of ICT investment in GDP its impact on
the rates of productivity increase and GDP growth declines, despite the fact that the
relative contribution of ICT to productivity increases as compared to less advanced
countries. Thus, a stronger absolute marginal impact of ICT development on productivity
should be expected in the less developed CEE countries with still lower ICT intensity of
factor content.

CEE ICT market improved significantly during the last few years but still keeps a low
level in comparison with the rest of EU. Nowadays, a poor infrastructure performance is
not such a big problem as the situation is changing very fast. Newcomers can invest in new
technologies (mobile: LTE, fixed: fibre), although the process still takes a lot of time and it
is not yet visible in statistics for all CEE countries. In a better situation are CEE countries
(Bulgaria, Romania) that started to build up their infrastructure recently (by comparison to
the rest of EU). They have reached the best infrastructure quality indexes, while keeping
the worst position within EU penetration rates. These are real windows of opportunity for
latecomers as they can catch up with the latest generation of technology and outstrip
countries which innovated earlier what is sometimes called leapfrogging.

The catching up process can be followed very well by looking at the changes of trade
patterns in ICT goods between CEE and the old EU. A switchover of ICT comparative
advantages from negative into positive in some CEE countries means that they began to
export more ICT products in proportion to their total manufactures exports than the old
EU. This signifies that the production of some ICT products might have been relocated
from the old EU to new member countries. In the CEE area we were faced with increases
both in value and share of ICT in total manufacturing exports, which over time tended to
exceed imports in most of the CEEC, especially after the accession. In the whole EU the
specialization pattern was more balanced across ICT subsectors, while the CEE countries
concentrated more and more on specific niches. In particular larger CEE economies tended
to specialize both in knowledge intensive and scale intensive ICT subsectors like
computers what was the case in Hungary, Czech Republic and finally Poland. Medium
sized CEE economies with sufficient absorption capabilities like Slovakia and Estonia
joined the group of larger economies in telecom equipment exports, followed by other
small economies attempting to catch up. The greatest average progress in RCA
improvement was attained in the subsector of electrical appliances where high rate of
convergence signifies easy knowledge spillover and technology transfer, perhaps because
of relatively less knowledge intensity. The CEE economies took over matured products of
the product cycle and supplied them back to the advanced EU economies. The process was
intensified due to the EU enlargement and extension of the common market.
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Poland is surely not on the top of ICT development trajectory in Europe, but it is well on
the way of convergence to the EU mean. However, it is remarkable that after the slowdown
of 2009 Poland quickly recovered to the pre-crisis rates of ICT growth, and even during the
slowdown Polish ICT exports visibly increased despite of overall demand crash in the
Western Europe. The only explanation can be that the quality of Polish ICT products has
become comparable with Western standards so that they could become good substitutes for
domestic production on old EU-members markets. Thus in some segments of ICT market
we can note an appearance of the succeeding phase of PLC when the product is being
imported by the country of its prior invention (origin).

The CEE countries differ from the rest of EU mainly in macroeconomic aspects of ICT
sector. The value of ICT per capita is poor within the CEE countries, but ICT market is
gaining in significance, and its absolute contribution to GDP creation for CEE countries
occurs to be higher than for the rest of the EU. As talking about slight differences between
CEE and EU countries, they are in e-service area. It seems to be the EU accession and its
coherent ICT policy, including international benchmarks and disclosing the weakest
practices that forced new comers to match the rest. In two cases the CEE countries don’t
differ much from the old EU members — in mobile penetration rate and in internet
broadband speeds. The first of them are for economic reasons and the investment rate of
return (mobile infrastructure is cheaper than the fixed one). The second one is the result of
a technological gap that after EU accession is being rapidly squeezed.

Finally, there is no uniform ICT development path across CEE countries. Some of them
performed well, leaving behind the rest of EU, and some always stayed in EU tail. The
most frequent outliers are Estonia and Poland, Bulgaria and Romania are the others. Partly
it is caused by exogenous factors like Finish investments in Estonia, but partly it is a matter
of inside ICT policy — like in the Polish case, where some administration initiatives helped
improve indexes and the Polish benchmark position. There should also not be overlooked a
diversity caused by different specialization patterns in ICT trade across the CEE countries
which largely depend on the adequacy between knowledge or scale intensity of a product
and the country’s innovation system. This may furthermore contribute to a variety of paths
for future ICT development in the region.
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