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Marcin Piatkowski and Bart van Ark

ICT and Productivity Growth in Transition Economies:
Two-Phase Convergence and Structural Reforms'

Summary

This paper investigates the role of information and communication tegyn@CT) as a
driver of improved productivity performance of Central and Eastern Eamogd€EE)
countries and Russia (CEER) relative to the EU-15 and the U.S. dioeird®90s. The paper
investigates how, and to what extent, ICT contributed to a narrowitigeiproductivity gap.
Although investment in ICT capital has strongly increased, tatztbf productivity (TFP)
growth has made the largest contribution to convergence during tlds.189% few CEER
countries, notably the Czech Republic and Hungary, ICT production contribuiesl tm
productivity growth than the EU-15 average. Spillovers from a produgsigeof ICT in both
CEER countries and the EU-15 are still considerably lower thdreit).S.. The paper argues
that the convergence process between CEER countries and the Ethafaisterized by two
phases. In the first “restructuring” phase, convergence has beeen doy enterprise
restructuring in manufacturing, which was facilitated by rafid@ investment in new plants,
and by growth in ICT production in particular through FDI. In the secaxgpansionary”
phase the sustained convergence has to rely more on productivity grsettors that make
intensive use of ICT, in particular the service sector. While the first phaspendent largely
on openness and basic fundamental reforms, the second phase requiresstieeieal
reforms focused on product and labor market flexibility, businessrganization and

investment in human capital and ICT skills.

! This paper is written as part of a project on 6hmiation & Communication Technologies as Drivers of
Economic Development in Post-Communist Countrigginsored by USAID (Grant No. 220/001.6). This paper
should not be reported as representing the viewseofMF. The views expressed in this paper arsdhaf the
author(s) and do not necessarily represent thotieeofMF or IMF policy. We are grateful to Sergegrfinov

for valuable comments.



1. Introduction

The post-communist transition phase in Central and Eastern Eurofg {€BImost
over. The recent accession to the European Union of the eight posturast economies
marked the formal end of their transition from a socialist raipt planned to a market
economy. The other two CEE countries (Bulgaria and Romania) &ite ggn the EU by
2007, too (as well as Croatia at a later stage).

However, the transition by itself has not led to a full convergevitiethe developed
countries in Europe and the U.S., as was mistakenly assumed byssholars when the
process started a decade and a half.after all, within the old EU-15 there are still large
differences in average per capita income between, for exarsplghern and northern
member countries, and these gaps only narrow very slowly. At presinthe first part of
the post-transition growth potential in the CEE countries (althougghde in Bulgaria and
Romania) has been realized. The question arises as to thesiotuces of convergence with
the EU-15 and the U.S. More specifically, we ask ourselves whiehinébrmation and
communication technology (ICT) plays in the procéss.

The purpose of this paper is to analyze the impact of ICT on fabductivity growth
in CEE countries and Russia (CEER) in the framework of the -cgtclind convergence
hypotheses. We analyze how the investment, use and production obi@ibuted to the
convergence (or even leapfrogging) of CEER countries towardEWwh&5 average and the
U.S. during 1995-2001. In this context, we also focus on the linkages betwediffubion
and productive use of ICT in CEER countries with structural refornesstment in human
capital, and enterprise restructuring.

In the remainder of this paper we will argue that the ICT-mu/ergence process can
be divided into two phases: in the first, “restructuring” phase, tm¥ergence has been
driven by rapid growth in ICT investment which has facilitateel testructuring process in
manufacturing, and a rise in ICT production mainly through foreigectinvestment. The
completion of the first, restructuring phase is mostly dependenbroe vasic fundamental
reforms: macroeconomic stability, open markets which allow féows of FDI, some basic

labor and product market deregulations, infrastructural improvenardsan increase in the

2 See Sachs (1993) and Aslund (1995) for the expasitf the optimistic view and Kolodko (2000) anditN
(2003) for critiques.

% This paper builds on a previous paper by the sautigors, which presented a detailed macro and indlesel
analysis of the ICT-led convergence of CEE coustriéth the EU-15 and the U.S (Van Ark and Piatkowsk
2004).



basic quality of the human capital. At the end of the first cayerere phase, productivity
growth may slow down as the restructuring process in manufagtmears completion.
During the next “expansionary” phase period, the convergence willthaety mainly on an
intensive and productive use of ICT in non-ICT producing sector of theoptg particularly
in services'

The successful move to the second phase, however, requires ICTampkmented
with a more sophisticated deregulation of product markets, increlabed flexibility,
organizational innovations in enterprises, improved management practcesss to
financing and investment in a broader palette of human capdalGI skills. These reforms
are much harder to achieve than those required during the restructuring phasemtsoed
to the EU-15, CEER countries may or may not have an advantage in achieving this.

The paper proceeds as follows. In Section 2 we formalize the chahnaligh which
ICT impacts labor productivity growth. We first introduce a groatlsounting model and a
shift-share methodology which are jointly used to estimate dh&ibutions of ICT to labor
productivity growth at aggregate and industry level. We then provitgliatic model that
links the contributions of ICT to productivity with indicators of stuwal reforms (“structural
indicators”). Although we do not have sufficient independent observaticstattstically test
the linkages between productivity and reforms, the following sectwaosgide important
empirical clues to how this relationship might work. In Section 3 use the growth
accounting methodology to estimate the contributions of investment in ICT|capita FP to
labor productivity growth. We also discuss the determinants of @&stment and TFP
during the restructuring phase and the type of structural refibresvere associated with it.
In Section 4 we focus on the impact of the ICT production channel on pabductivity
growth, and we identify the most fundamental reforms that wegeinred to make this
possible. In Section 5 we focus on the ICT use channel. We adopt an iddustry
perspective to show the divergence in labor productivity growth rateede ICT-using and
non-ICT industries in the CEER countries, the EU-15 and the US. Wditkeour results to
indicators that measure progress in structural reforms, managskiks and human capital
which are crucial for a more productive use of ICT. Section 6 corglbgaliscussing the

implications of our “two-phase” convergence hypothesis. We atwiefurther convergence

4 As shown by Van Ark and Piatkowski (2004), labbedding was also a major source of labor produgtivi
growth in the CEE countries during 1993-2001. IGInteibuted to restructuring mainly through increhse
investment in new equipment with embedded ICT amdicd automatization of back-office operations
(accounting, procurement, etc.).



of the CEER countries will depend on substantial changes in theioegc environment,
which would allow for productive implementation of ICT, particularly in services

2. 1CT, Labor Productivity Growth and Structural Reforms

The contribution of ICT to output and labor productivity growth can be measuithin
the extended growth accounting framework based on the original wdsklbw (1957) and
Jorgenson and Griliches (1968) and later extended by inter afier@hd Sichel (2000) and
Jorgenson and Stiroh (2000%ince ICT products and services are both outputs from the ICT
industries as well as inputs into ICT-using industries, ICT ioapact labor productivity
through the following three channels:

1. Use of ICT capital as an input in the production of other goods and services;

2. Increase in total factor productivity (TFP) of production in ICTttese which
contributes to aggregate TFP growth in an economy;

3. Contribution to economy-wide TFP from increase in productivity in non-ICT
producing sectors induced by production and use of ICT (spillover effects);

The growth accounting methodology can be summarized as followss @oosestic
product (Y) is produced from aggregate factor inputs X, consistingpifataervices (K),
divided into ICT capital (K) and non-ICT capital (K and labor services (L). Productivity is
represented as Hicks-neutral augmentation of aggregate inpuktH@)aggregate production

function takes the form:
Y =A*X(L, Kpn, Ki) (1)

with subscriptn indicating services from non-IT capital and subsatiphdicating services
from information technology capital (including office and computimguipment,
communication equipment and software). Under the assumption of competitivemarkets
and constant returns to scale, growth accounting expresses the gfooutput as a share
weighted growth of inputs and total factor productivity, denoted byiich is derived as a

residual.

AInY = vLAInL+VvKnAInKn+ vKitAInKit +Aln A (2)

® For other countries than the U.S., see for exan@idecchia and Schreyer (2001) for OECD, Davedo@)
and van Ark, Timmer and Ypma (2003) for the EU &matkowski (2004) for the CEER countries.



where v’'s denote the average shares in total factor incomeesagise of constant returns to
scale: v + wn + Wit = 1, andA refers to first differences. By rearranging equationtk2)
results can be presented in terms of average labor productivityhgdefined as y = Y/L, the
ratio of output to employment, k = K/L, the ratio of capital sesito persons employed and
TFP:

Alny = WinAlnk, + Wit Alnki +Aln A 3)

Section 3 measures the contribution of ICT capital deepeni@g\(Iin ki) to aggregate
labor productivity growth.

Another useful distinction can be made between TFP growth originatn
(manufacturing) industries producing ICT goods,éé which represents the first channel
above, in (mainly service) industries which are heavy users of(Agd representing the
third channel, and TFP in other industries4):

AlIny = Vn Alnky + Vit AN ki +A N Aprog+A 1N Ayse+A 1N Aother (4)

However, without industry-specific data on investment we will notldde & separate
TFP growth in ICT-producing industried (n Ay, intensive ICT-using industries\ (In
Ausd and other industrie\(In Agtne).’

Some clues on the distinction between productivity growth from IC@yatoon, ICT
use and other sources of productivity growth can be obtained by decompypiegate labor
productivity growth into the contributions of ICT-producing industriay,dSprod), 1ICT-
using industriesAYussSus9 and less-intensive users of ICAYGeSothey according to a shift-

share methodology:
Y &L v YL
Ay = I = Z(A %j(%j = Z (Ayprod Sprod)+ Z (AyuseSJse)+ Z (Ayother Sother) (5)
i=1 i prod use other

with Sdenoting the share of each industry group in total employfrienBection 4 we

focus on the contribution of ICT-producing industries to labor productgrbyvth, and in

® Nonetheless, Timmer et al. (2003) and Piatkow8RDg@) provide rough estimates of the contributiéhQ -
producing sector to TFP growth in the EU-15 and Cé&ftntries, respectively, during 1995-2001. Their
estimates are based on TFP growth rates in thelOTSproducing industry.

" This equation can be further decomposed into itmritons to labor productivity growth from produgty
within each industry group (the ‘intra-effect’) atite effects of shifts of employment from one irtdpigroup to
another (the ‘shift-effect’) (See Inklaar, McGuclkind van Ark, 2003). Here we do not make thatmtisiton as

it is less relevant for our primary distinction Wween the three channels by which ICT impacts pradtc



Section 5 on the contribution from industries which are typicallysitlad as ICT-using
industries.

The results of these two decomposition techniques may be used ytpeaimétractions
between the contribution of ICT to average productivity growth andowsrstructural
indicators, reflecting the quality of the economic and instituti@msironment in the CEE
countries. In this paper we work from a “two-phase convergemgadthesis between CEER
countries and the EU-15 (and the U.S.) which is based on anciidaraf ICT production
and use with restructuring of the economy and structural reforms.

Figure 1 provides a stylized representation of this process. In the eade ©f
transition the primary reforms led to an immediate catch-up in ptiodycin part supported
by a strong — but temporary — negative effect on the laboken#rough labor shedding.
This process has supported investment in ICT and a surge in ICT pooductiCEER
countries. However, both effects are transitional. ICT investmentheracterized by
diminishing returns and markets for ICT goods have become satukede the first
convergence phase peters out after a certain period of timm@ngDthe second phase,
convergence may continue but will it depend mainly on the productivity efteatthe use of
ICT. As services industries are the biggest users of ICT, refarth mainly need to target
these industries.

8 1t should perhaps be stressed that ICT standemergl for the introduction of new technologies amadern
equipment. As ICT emerged as the key general parfhnology driving accelerated growth in manyntoes
during the 1990s, we use it as a symbol for theadeo phenomenon of technological change that Isas a
accompanied the growth process in the CEER cogntrie



Figure 1: Stylized representation of Two-Phase Convergence Processin CEER
countries and the EU-15 since the beginning of Transition in 1989
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We can now build a simple stylistic model (equations 6 and 7), wharges in labor
productivity growth AY/L) in phase 1 are a function of ICT contribution to labor productivity
growth through the contribution from ICT capital deepening (vIn k; see equation 4) and
ICT production QAYprodSprod), Whereas labor productivity growth in phase 2 depends on ICT
use AyussSusd. These ICT contributions are in turn dependent on structural refaficators
(Al and A2), which are linked with the two phases of convergenspecavely. The model

can then be described as follows:
AY/L (phase 1) = f (it A In Kit , YprodSprod) * Al (6)

AYIL (phase 2) = f (JseSusd * A2 (7)

where Al represent structural indicators for phase 1, with A2 represemtiomsdl
indicators for phase 2.



The crucial issue here is to identify the determinants of adoatidrdiffusion of ICT at
both the aggregate and the industry level. There is a largatditeron this subject for
advanced countries. For these countries it shows that ICT use lgrdejpénds on the level
of competition in the product markets, flexibility of labor marketsality of human capital,
access to high-risk financing, spending on innovation, quality of law afent, trade
openness, direct costs of ICT products, size of foreign directtmeass and the level of
liberalization of the telecom markets.

Unfortunately there are much fewer studies that focus on the dedets) of ICT
adoption in developing and transition economies. Van Ark and Piatkowski (20049igo@vi
broad assessment of determinants of investment in ICT in CEER iesuifiney constructed
a a new economy indicator, that measures various componentsl telatee quality of the
economic and institutional environment in CEER countries. The new ecommahitator
included, for example, trade openness, the development of financial shaheeiquality of
human capital, labor and product market flexibility, openness to n@mromic stability and
openness to foreign investment. This indicators shows a positiviemeldath the ICT capital
contribution to labor productivity growth

The key question, however, is whether all of the above determinamacinégually
with the growth in ICT production, absorption of ICT in manufacturing &1 uise in the
service sector, respectively. For instance, it seems unlikalyptoduct market deregulation is
equally important for the growth in ICT production, during the fistwergence phase, as for
the productive use of ICT in the service sector during the second,n®apary” phase. The
former is mostly dependent on FDI, which — as shown in the eekba — is driven by open
borders, existence of basic infrastructure and rule of law. Csglyeras argued by OECD
(2003, 2004), ICT diffusion in the service sector seems to be striomigyl with competition
(while, paradoxically, enhanced competition could even deter FDI). Hsormoe factors are
more likely to interact directly with ICT investment, while athevill mostly impact ICT
production. In the next section we make a start in answering thssiqqudy analyzing the
strength of interactions of ICT investment with a number of strakfiactors that can be

identified for the two convergence phases.

® OECD (2003, 2004) provides a very useful reviewe @lso Vu (2004), who presents results of hisseros
country regression analysis of more than fifty deped and developing countries.

19 Clarke (2003) provides evidence for the importate of FDI in ICT diffusion in CEE countries. Metl and
Salsas (2003, 2004) argue that the use of Intésreddsely linked with GDP per capita, opennesdserilization
of the telecom market, costs of access to theriateand the quality of the telecommunication irtftacsture.



3. The Contribution of ICT Capital and TFP to Growth

Much of the attention for the role of ICT in growth has focusedthencontribution of
ICT production to growth. However, as shown by a number of studies;d@ifal has been a
more important source of growth in the U.S., the G-7 and the EU-1agdine 1990s than
ICT-related TFP growtf

This also appears to be the case for transition economies. PikitK@@@4) and Van
Ark and Piatkowski (2004) provide growth accounting results comparingoiteibution of
ICT capital to labor productivity growth in CEER countries with Edg-15 and the U.S.
during 1995-2001Table 1 shows that, in absolute terms, the contribution of ICT capital to
labor productivity growth in most CEER countries (with the exogpbf Romania and

Russia) was higher or comparable to that in the EU-15 (column 3).

Table 1: ICT capital contribution to labor productivity growth (GDP per person
employed) in CEER countries, EU-15 and the U.S., 1995-2001, in %-points

GDP per %-point contribution of: Relative
person Non-ICT ICT Total factor ICT capital
employed capital capital  productivity share in LP
(annual intensity intensity growth  growth (%)
growth, %)
1) (2) (3) (4) (5)
CEE countries 35 1.0 0.6 2.0 17%
Slovakia 4.8 1.4 0.6 2.8 12%
Poland 4.4 1.8 0.6 21 13%
Slovenia 3.8 0.7 0.5 2.5 14%
Romania 3.5 1.4 0.3 1.8 7%
Hungary 3.3 0.2 0.7 2.4 22%
Czech Republic 2.8 1.4 0.8 0.6 27%
Bulgaria 1.9 -0.1 0.5 1.6 26%
Russia 1.7 -0.6 0.1 2.2 8%

! See, for example, Jorgenson (2004) for the G7ec@biia and Schreyer (2001) for OECD; and Daver®230
van Ark, Timmer and Ypma (2003) for the EU, Piatl#ir(2004) for the CEER countries.
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European Union 11 0.4 0.4 0.3 36%

Ireland 4.0 0.6 0.6 2.7 15%
Greece 3.2 1.1 0.5 1.7 15%
Austria 2.3 0.9 0.4 1.0 16%
Finland 2.2 -0.6 0.6 2.2 28%
Sweden 1.8 0.5 0.8 0.6 42%
Denmark 1.6 0.9 0.6 0.2 38%
United Kingdom 15 0.6 0.6 0.4 39%
Portugal 15 1.1 0.3 0.1 21%
Belgium 14 0.3 0.6 0.5 46%
Germany 1.2 0.3 0.3 0.5 30%
France 1.0 0.3 0.3 0.4 31%
Italy 0.8 0.5 0.4 0.0 46%
Netherlands 0.3 -0.2 0.4 0.0 164%
Spain -0.3 0.1 0.2 -0.6 -51%
United States 2.2 0.4 0.7 11 34%

Source Van Ark and Piatkowski (2004) for the CEE couestiEU-15 and the US. Piatkowski (2004) for Russia.

However, there are substantial differences across countries, &t only the Czech
Republic and Hungary showed capital contributions which were sigmifycabove those of
the EU-15 (and close to Sweden and the U.S.). A glandggate 2, which relates the
comparative level of GDP per person employed toabhsolutelCT contribution to labor
productivity growth, shows that ICT capital in itself has not beediract source of
convergence during the second half of the 1990s. However, lower labor pritgletiels of
the CEER countries also did not prevent them from benefiting fromcipital to the same

degree as the average for the EU, and it has therefore not been a cause for dieghgeffce

2 The final column of Table 4 shows that the reltiontributions of ICT capital to labor productjvigrowth
were much lower for the CEE countries than forEhe 15 average (17% and 36% respectively) becausigeof
higher growth rates of labor productivity itselftire CEE countries.

11



Figure 2: Contribution of ICT Capital to Labor Productivity Growth versus average
GDP per Person Employed (EU-15=100), 1995-2001
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Source Based on Van Ark and Piatkowski (2004) and Piatid (2004) for Russia.

Figure 2 also shows that, within the CEER group, countries with higher labor
productivity levels are characterized by a somewhat largerilootidn of ICT capital. This
implies that, provided CEE countries have reached a certain defgreristrial development,
they have successfully used ICT to increase the growth ral@sonproductivity to the same
degree as the most ICT-intensive countries in the EU-15. This suggests thadSiment in
CEE countries may have been dependent on “network effects”: heyteds bf development,
particularly as regards to the ICT infrastructure, have stitedl faster growth in ICT use
through feed-back effects.

The most important source of convergence between the CEER coanttiéise EU-15
during the first convergence phase has been the higher commdbutf total factor
productivity in the former group (column 4 @fable 1). These relatively high TFP growth
rates are likely to be strongly related to the effectestructuring which was driven by large

scale privatization and liquidation of inefficient state-owned mames, a phenomenon

13 See for instance, Roller and Waverman (2003) whaeathat improvements in telecom infrastructu@viate
for non-linear network effects.
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mostly unique to countries transitioning from a centrally plannedmarket economy’ But
TFP growth in CEER countries may to some extent also havenafiem “productivity
effects” derived from the production or use of ICT goods and servideshws the topic of

the next two sections.

4. The Contribution of ICT Production

Although ICT capital has been an important source of growth in CBERtrees, there are
reasons to assume that at least some countries in the regicssodyave greatly benefited
from attracting production of ICT goods and facilities, in partictifeough foreign direct
investment. Van Ark and Piatkowski (2004) provide estimates of thet diomtribution of
ICT production to labor productivity growth in CEE countries, EU-15 andWi& during
1993/95-2001> Perminov and Egorova (2004) provide results, using a similar method, for
Russia for the period 1995-2001.

Table 2 shows that ICT production had the largest absolute contribution to labor
productivity growth in the U.S., Hungary and the Czech Reptblibese two CEE countries
also reported higher absolute ICT contributions than the EU-15. Hérecgrdwth in the ICT
producing sector accelerated the convergence between these twoesoant the EU-15.
This was not the case, however, for Poland, Slovakia and Russia Wwaesertribution of
ICT sector to labor productivity growth was substantially lotem in the other two CEE
countries, EU-15 and the U.S.

Gaspar (2004), on the basis of data from Eurostat, provides estiofdtee share of ICT
sector in GDP in Slovenia, Bulgaria and Romania in 2003. It turns ouhthaize of the ICT
sector in Slovenia and Bulgaria is comparable to that of Huregadyhe Czech Republic and
significantly larger than in Poland and Slovakia. The size of theaR@as ICT sector is

roughly equal to that of the latter two countries. However, lack taf ala productivity growth

14 Between 1990 and 2000, the share of the privatesa GDP in CEE countries increased from lessth0%

to more than 60% of the total (EBRD 2003).

> The study is based on data from the GGDC 60-Imgugiatabase (http:/www.ggdc.net/dseries/60-
Industry.shtml) for Czech Republic, Hungary, Polaamtl Slovakia. Data for other CEER countries wals no
available. Labor productivity growth rates for CEERuntries are based on a price deflator for tHe..Ul'he
latter excludes changes in prices of semiconducamid computers as these are not manufactured in CEE
countries. For more details, see Van Ark and Piaskd (2004).

181t has to be remembered that most of the produdtidthe two CEE countries does not represent |@thcts

at the high-tech end, but rather household eleictregquipment and and assembly items, for exameleyision
screens, computer monitors, other electronic egeiynetc.

13



rates in ICT sector does not allow for measuring the contributiotheflICT sector to
productivity growth in these countries.

14



Table 2: Contributionsto labor productivity growth (GDP per person employed) of ICT-producing industry in CEER, EU-15 and the
US, 1993/1995-2001

EU-15 USA Czech Republic Hungary Poland Slovakia Russia*

1995-2001 1995-2001 1993-2001 1993-2001 1993-2001 1993-20011996-2000
Labor
productivity
(LP) growth 1.34 2.19 2.83 2.41 3.33 2.50 2.10
Contribution of
ICT Producing
Industries
to LP growth 0.58 0.98 0.68 0.68 0.21 0.15 0.08
As share of LP
growth (in %) 43.6 44.5 23.9 28.4 6.3 5.9 3.8
Pro memoria:
Share of ICT
sector in GDP
(in %) 6.0 7.8 5.0 6.7 4.7 4.5 n.a.

Note: *Results for Russia are not fully comparable dudifferent industry classification, different datausces and difficulties with comparability of out@and employment
across industries.

Source based on Van Ark and Piatkowski (2004) and unyitegldataset for CEE countries; Perminov and Egai@004) for Russia.

15



The question arises as to what explains the difference betwedasthgrowth of the
ICT sector in the Czech Republic and Hungary and much slower lgriowbther CEE
countries. It appears that the rise of the ICT sector in dhmer two countries has been
mostly driven by inflows of FDI as domestic industries were canpetitive enough to
develop due to technological retardation, lack of access to high-risk financing areyébwfl
innovation®’ Figure 3 shows that throughout the 1990’s Czech Republic and Hungary were

the major recipients of FDI in the CEE region as measured by the share iof GDP.

Figure 3: Gross annual inflows of FDI in CEE countries as a share of GDP,
1993-2000 average
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Source World Development Indicators (2004).

Similarly, Table 3 shows that FDI inflows into the ICT sector in the Czech Republic
and Hungary, as represented by the stock of foreign investméiné imachinery, electrical
and optical equipment industries, were the highest among the four leading CEEiesonom

17 Until 1990/1991imports of high-technology produt former socialist countries was restricted urible so-
called COCOM (Coordinating Committee) restrictiomsforced by NATO to prevent diffusion of dual use
civilian-military high-tech equipment in the membmguntries of the Warsaw military pact. Consequgritie
domestic ICT sector was effectively cut off frompianting modern ICT technologies. In addition, aguad by
Perminov and Egorova (2004), a large part of thgpwuof the domestic ICT sector was defense-orignte
particularly in Russia. After transition, most bfg production failed to find new customers.
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Table 3: FDI stocksin ICT industriesin CEE countriesas % of total manufacturing
FDI stocks, end 2001

Czech
Republic | Hungary Poland Slovakig
Machinery and equipment 4.2 5.3 1.2 4.1
Electrical and optical equipment 13.9 19.5 7.7 4.8

Source based on Havlik and Urban (2003), p. 56, Table 9.

But why were the Czech Republic and Hungary able to attra& RFior than other CEE
countries? Campos and Kinoshita (2003) argue that in transition ecorfedli@sflows are
mostly dependent on trade openness, opportunities for agglomeratiomrict)stand the
quality of institutions. IMF (2001) adds the quality of infrastructarel the privatization
policy. Table 4 shows that between 1993/94-2001 the Czech Republic and Hungary score
relatively high on almost all indicators determining inflows of IFrade openness,
development of infrastructure, rule of law and macroeconomic stabilitg value of the
Composite Reform Indicator Al for the first convergence phaset@ugo countries in the
second and third place, respectively, among the CEER countries. ©@rbnia is a clear
outlier, as it has a very low FDI inflow percentage and at threegame comes out very high
on the various reform indicators. This is due to the privatizationypalibich mostly relied

on domestic rather than on foreign investors.
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Table 4: Determinants of FDI in CEE countries, 1993/94-2001 aver age

Reforms related to FDI in First Convergence (“Restructuring”) Phase

FDI Inflow Trade openness Development Macroeconomi Rule of law  Composite Ranking
as % of GDP of c stability Reform
infrastructure Indicator Al
Hungary 5.61 (1) 92.48 (5) 517.2 (3) 17.17 (4) 0.81 (2) 2.11 3
Czech Rep. 5.45 (2) 120.40 (2) 587.7 (2) 7.23 (1) 0.65 (3) 331 2
Poland 3.85(3) 54.67 (8) 339.1 (6) 18.64 (5) 0.59 (4) (0.70) 5
Slovakia 3.62 (4) 126.81 (1) 450.8 (4) 8.98 (2) 0.26 (5) 2.00 4
Bulgaria 3.58 (5) 100.83 (4) 399.4 (5) 161.10 (7) -0.08 (6) (1.67) 6
Romania 2.19 (6) 61.64 (6) 223.2 (8) 89.20 (6) -0.13 (7) (3.35 7
Russia 1.48 (7) 57.72 (7) 237.1 (7) 177.53 (8) -0.80 (8) (5.78) 8
Slovenia 1.16 (8) 115.57 (3) 773.3 (1) 13.17 (3) 0.88 (1) 4.08 1

Note Trade openness: aggregate share of imports gomortexin GDP, 1993-2001 average. Development gagtfucture: combined penetration of mainline teteyes,
mobile phones and PCs per 1000 inhabitants, 1994-20erage. Macroeconomic stability: 1993-2001 ayerinflation rate (CPI). Rule of law: World BankilR of Law
Indicator (Kaufmann et al., 2003), average for $eE996, 1998, 2000 and 2002. The Composite Refaditadtor represents an aggregate standardized wélak four
variables. The variables are standardized by sttiitpa sample mean from each observation andttienesult is divided by a sample standard dewiafithis implies a
mean of zero and a standard deviation of one a@wsstries in the sample. Hence all results arepasable and can be aggregated. Numbers in bratiditate the
position of each country within the sample.

Source World Development Indicators (2004) and Kaufmanal. (2003) for the rule of law.
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In other CEER countries, privatization policies also had a largecingpathe size and
direction of FDI. But Kornai (2001) and EBRD (1995) argue that the ICRapublic and
Hungary started their privatization process, based on sales tgnfaneestors, earlier than
other CEE countries. This gave both countries an important head stagylya FDI inflows
into the ICT sector tended to entice further foreign investnnme the same industry thus
creating a positive feed-back mechanism.

While none of the above factors by itself explains the diffeentgrowth of the ICT
sector within CEE countries, together these factors cledmbyv that the overall business
environment for FDI-driven growth in the ICT sector was more conduin the Czech
Republic and Hungary than in the remaining CEE countfies.

We conclude that the convergence driven by ICT production in the CEE iesuntr
seems to be mostly dependent on basic fundamental reforms, Wbvetica inflows of FDI:
open markets, basic rule of law, infrastructural improvements, [ma@n process and some
measure of macroeconomic stability. These factors are temsisith our hypothesis of a

“two-phase” convergence.
5. ThelCT Use and Convergence from an I ndustry Per spective

Given the small size of the ICT producing sector, which in BE@ountries does not
represent more than 8 percent of GDP (Bakle 2), the sustained convergence towards the
EU-15 income levels will naturally have to rely on productivity growth out€ideproducing
industries. Apart from the use of ICT for the restructuringpafduction processes in
manufacturing, ICT has also a great potential for intensiveruiee service sector of the
economy. Accelerated labor productivity growth in ICT-using industsiesiven by a rise in
capital intensity and total factor productivity growth.

To adequately distinguish between the effects from ICT use ahgi@luction, Van
Ark and Piatkowski (2004) provide estimates of labor productivity dromates in ICT-
producing, ICT using and non-ICT industries (subdivided into manufacturingsenvite
industries) in four CEE countries, Czech Republic, Hungary, Poland andki@lofa the
period 1993-2001. In addition, Perminov and Egorova (2004) provide results ftoohyds
Russia for the period 1995-2000able 5 shows that productivity growth rates in ICT-using

'8 One could add other factors that could also hdaged a role in stimulating growth of the ICT sectow
wages, political stability, size of the domesticrked, level of taxation, geographical proximity Western
Europe, initial conditions etc.
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manufacturing industries in the four CEE countries are in mossaa®re than double the
productivity growth rates in non-ICT manufacturing. This is a cledication that ICT use
has been an important source of productivity growth in manufacturing in CEE cauntries

Productivity growth rates in ICT-using manufacturing industme€EE countries, and
this time including Russia, are also substantially higher thaherEtJ-15 and the U.S. It
provides evidence for the success of the “first phase” régtig process of the ICT-using
manufacturing industries in CEER countries driven by basic fundaimefiorms which are
comparable to those that applied to ICT production. These are refaniok allowed for
inflows of FDI, increase in management skills, labor shedding, anacespkent of old
equipment with new capital embedding modern technologies, particul@rlyThanks to the
high productivity growth rates, ICT-using manufacturing industrieshe CEE countries
contributed between 0.46 and 0.98 percentage point to aggregate labor prgdgaivih
between 1993 and 2001, against close to zero for the EU-15 and th&adbl€ §). Russia
took an intermediate position, accounting for 0.2 percentage point of laborctwvagu
growth in ICT-using manufacturing.

In ICT-using services, however, productivity growth rates in the C&litries and
Russia, but also in the EU-15, are much lower than in the Bigure 4). The mixed picture
of productivity growth in ICT-using services in the CEE countrgeslso reflected in the
contributions of this industry group to aggregate productivity growth, wianogges from -
0.58 percentage points to 0.92 percentage points in CEE coumttds 6). The contribution
for Poland and for the Czech Republic is higher than in the EU-15, bet linan in the
u.s™

' The contribution from the ICT-using service grdop Russia is relatively large, because of thedastare of
some of industries in this group which for Rusgarwot really be characterized as intensive ICTauser
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Table5: Labor productivity growth (GDP per person Employed) of | CT-producing, ICT-using and non-ICT industries, 1993/1995-2001
EU-15 U Czech Hungary Poland Slovakia Russia*

Rep.
1995-2001 1995-2001 1993-2001 1993-2000 1993-2001 1993-20011995-2001

Total Economy 1.3 2.2 2.8 24 3.3 2.5 2.8
ICT Producing Industries 7.2 9.6 13.0 7.8 5.8 8.5 6.4
ICT Producing Manufacturing 11.9 23.0 154 7.5 8.1 7.1 16.4
ICT Producing Services 55 1.8 12.9 8.6 4.6 9.2 2.5
ICT Using Industries 1.6 4.6 4.4 1.0 4.8 1.8 5.5
ICT Using Manufacturing 1.6 0.1 9.2 7.1 12.0 7.1 6.4
ICT Using Services 15 54 2.3 -0.6 2.3 -1.1 3.4
Non-ICT Industries 0.6 -0.2 1.3 2.3 2.4 2.4 1.1
Non-ICT Manufacturing 1.3 0.2 5.3 2.6 4.6 3.4 8.4
Non-ICT Services 0.2 -0.2 -1.5 21 1.9 4.1 -4.9
Non-ICT Other 1.9 0.7 2.3 2.6 1.3 -1.8 -0.5

Note * Results for Russia, based on Perminov and Bgo(@004), are not fully comparable with other doies. For industry classification into main indystjroups, see
Van Ark and Piatkowski, 2004, Table A.4. Real estas been excluded from both GDP and Total persogaged for all countries; For the CEE countnisseiad of using
US ICT deflators, the US ICT deflators exclude psiof computers and semi-conductors.

Source Van Ark and Piatkowski (2004) for all countriescept for Russia, which is based on Perminov arat@&ga (2004).
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Table 6: Contributionsto labor productivity growth of |CT-producing, ICT-using and non-ICT industries, 1995-2001

EU-15

us Czech Poland Slovakia Russia*

Rep.

Hungary

1995-2001 1995-2001

1993-2001 1993-2000 1993-2001 1993-20896-2000

Total Economy

ICT Producing Industries
ICT Producing Manufacturing

ICT Producing Services

ICT Using Industries
ICT Using Manufacturing
ICT Using Services

Non-ICT Industries
Non-ICT Manufacturing
Non-ICT Services
Non-ICT Other

1.34

0.58
0.2
0.38

0.46
-0.01
0.47

0.29
0.01
0.30
-0.01

2.19

0.98
0.73
0.25

1.17
-0.12
1.29

0.06
-0.18
0.10
0.14

2.83

0.68
0.15
0.53

1.55
0.67
0.89

0.6
0.94
-0.01

-0.33

2.41

0.68
0.27
0.42

0.54
0.46
0.07

1.19
0.31
0.80
0.08

3.33

0.21
0.06
0.15

1.57
0.65
0.92

1.56
0.66
0.75
0.15

2.5

0.15
0.12
0.03

0.4
0.98
-0.58

1.96
1.84
1.54
-1.43

2.80

0.06
0.01
0.05

2.40
0.06
2.34

0.34
1.40
-1.06
-0.1

Note as in Table 5.

Source as in Table 5.
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Figure4: Labor productivity growth ratesin ICT using manufacturing and ICT-using
servicesin CEER, EU-15 and the US, 1993/95-2001 aver age.

13

11+

Labour prudctivity growth, 1993/5-20C
(&)

-1 L]

EU-15 us Czech Hungary Poland Slovakia Russia*

O ICT Using Manufacturingd  ICT Using Service%

Note Data for Russia, based on Perminov and Egoro084(2 is not fully comparable with other countries.
1993-2001 average for CEE countries, 1995-200Ri{msia, EU-15 and the U.S.

Source Van Ark and Piatkowski (2004) for all countriescept for Russia, which is based on Perminov and
Egorova (2004).

The differences in the productivity growth rates in the ICT usergices in favor of the
U.S. seem to suggest that only that country has succeeded in mothed'second phase” of
the productive use of ICT in the service sector of the ecorfdiftyis is due to the much more
conducive business environment in the U.S., which stems primarily frampetitive
products markets, flexible labor markets, organizational innovatiorge lavestments in
R&D, and availability of high-risk financing (OECD 2003, 2004, McKinsey 2001).

% See, for example, Bosworth and Triplett (2004).
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Table 7: Indicators of business environment for ICT usein CEER countries, EU-15 and the US, 1993/94-2001 aver age

Reforms related to ICT use in Services in Second Convergence Phase

%-point Product Employment R&D Development Quality of Composite Ranking
contribution of ICT market protection  investments of financial human Reform
- use in services regulation markets capital Indicator A2
Bulgaria n.a. n.a. n.a. 0.59 15.2 3.3 (3.1 10
Czech Republic 0.89 29 1.7 1.19 64.4 4.6 0.7 4
Hungary 0.07 1.6 1.4 0.75 26.5 4.6 (0.92) 7
Poland 0.92 3.3 19 0.70 19.2 5.2 (0.42) 5
Romania n.a. n.a. n.a. 0.53 9.4 3.5 (3.08) 9
Russia n.a. n.a. n.a. 0.94 10.9 3.8 (2.05) 8
Slovakia -0.58 n.a. n.a. 0.81 32.9 4.6 (0.67) 6
Slovenia n.a. n.a. n.a. 1.46 33.1 5.8 1.83 3
EU-15* 0.47 1.5 2.4 1.91 87.4 5.1 2.99 2
USA 1.29 1.0 0.2 2.62 129.6 4.8 4.74 1

Note unweighted average for the EU-15, except for dat&R&D investments and quality of human capitabd®ct market flexibility and employment protectiegislation
for year 1998; the lower the number, the higherdpod market flexibility and lower employment praiea.. R&D investments (% of GDP): average 1995200
Development of financial markets: Domestic crediptivate sector (% of GDP), 1995-2001 average.liQuaf human capital: Public spending on educati®s of GDP),
1995-2001. The Composite Reform Indicator A2 iscblasn the last three variables: R&D investmentseligment of financial markets and quality of huntapital. For
the procedure for constructing the indicator, rédefable 4.

Source Nicoletti et al. (2000) for product market fledity and employment protection. Eurostat (2003) R&D investments and public spending on educativiorld
Development Indicators (2004) for the remainingéatbrs.
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Table 7 shows that the CEE countries, Russia as well as tHe& Bdr behind the U.S.
in terms of product market and labor market flexibility, develepnof the financial markets,
quality of human capital and spending on innovation. The Composite Reform Indicator A2 for
the second convergence phase ranks the U.S. in the distant fitstrpdsilowed by the EU-
15, Slovenia, Czech Republic and Poland. Russia, Romania and Bulgaiahedottom of
the table’

A conducive environment for productive use of ICT in services is muadtehdo
achieve in CEER countries than in the U.S. (or even the EU-15 yuires fundamental and
often painful reforms in product and labor markets and in the financial sectoe. Sthestural
reforms, required for the second phase of convergence, are dgpeeaded for CEER
countries as the productivity effects from the “restructuring” sehdave been mostly
exhausted, in particular in the five most developed CEE countries.

In addition to the reform measures discussed above, the qualityandgement
practices within firms may also have played an important roéxplaining the differences in
productivity performance between the CEER, EU-15 and the U.S. (seegxémple,
McKinsey 2001). The preliminary results of a recent enterpuseeyg in the U.S., UK,
Germany and France suggest that productivity of ICT investmentsnigstidepended on the
guality of management (Dorgan and Dowdy 2004). As shown in Table 8, progugtowth
stemming from IT investment can be substantial only when it is stgabby high quality of
management practices which allows for business re-organizatioessagy to reap full
benefits of ICT usé?

L The choice of variables for each of the deternthaas in Van Ark and Piatkowski (2004), was deenadn
the availability of data covering the whole sampie€ountries.

?2 Interestingly, improvements in management prasties higher impact on productivity than investnienT.
This however should be interpreted with cautionegithe small underlying dataset as well as a ldck o
information on the underlying sources of the imgnment in management practices (ICT could also plegle

in it).
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Table8: Increasein firm-level TFP in France, Germany, UK and USA driven by the
quality of management and I T investment, 2001-03 aver age

Intensity of I T deployment
25% quartile and  |75% quartile and
below above
25% quatrtile
_ 0% 2%
Management Practice, and below
Score 75% quatrtile
8% 20%
and above

Source London School of Economics and McKinsey surveyl amalysis of 100 companies in France,
Germany, UK and the US published in Dorgan and Do{2004).

The above analysis suggests that ICT use has contributed toplastactivity growth
in CEE countries at the industry-level, particularly in the ICihgisnanufacturing industries,
which have exploited a large catch-up potential through ICT-ae&ducturing. Productivity
growth rates in ICT-using services in CEE countries as ageih the EU-15 were lower than
in the U.S. This is linked to a more conducive business environment io.8e which
stimulates business re-organization, labor force re-allocatidnrwestment in human skills.
These facts provide support to our hypothesis of a “two-phase” conecergaattern.
Implementation of far-reaching structural reforms and investnenhuman capital is
prerequisite for the CEE countries and Russia to benefit frofartte remaining potential for
catch-up and convergence in the service and the non-ICT using sector.

6. Conclusions

This paper has investigated how the productivity performanceed®HE countries vis-
a-vis the EU-15 and the US has evolved during the 1990s. We showed theadivey CEE
countries (the Czech Republic, Hungary, Poland, Slovakia and Slovenia) and ledser
extent - Bulgaria have exploited the productivity potential of I@T accelerate its
convergence with the EU-15, partly through ICT investment and prodyagnotvth in ICT
using manufacturing, and in some cases (Czech Republic and Huriganght productivity
growth in ICT production. However, in the case of Romania and Rus3lajed to a
divergence rather than convergence. The divergence between the ecanpaacaf ICT in
Romania and Russia vis-a-vis the other six CEE countries providdarstd$o a hypothesis
that there is a close link between diffusion of ICT and advancement of fundaméntas.
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We have also showed that the ICT-led convergence process in Bfe €ftintries can
be divided into two phases: in the first “restructuring” phase, conneegs driven by growth
in ICT production and ICT-aided restructuring in manufacturing indesstAt the end of the
first phase, however, productivity growth slows down as the réstig process in
manufacturing nears completion. Hence, in the second, “expansiomdrgse, the
convergence needs to mainly rely on an intensive use of ICT uQd¥oproducing sector of
the economy, particularly in services.

The completion of the first, restructuring phase is mostly dep¢nala some basic
fundamental reforms: open markets, which allow for inflows of FDdjdoaule of law, some
fundamental labor and product market deregulation, infrastructural wenpents, and some
measure of macroeconomic stability. A successful transtbothe “expansionary” phase,
however, requires ICT to be complemented with other reform measigesgulation of
product markets, more flexible labor markets, business re-aageom based on improved
management practices, higher spending on innovation and finally lavgstment in human
capital and ICT skills. These are in practice much harder to achieve.

At present there are insufficient observations to carry out gm@ransive statistical
analysis of the relation between reforms during these two agenwee phase and the
performance in terms of ICT investment and productivity from 1G3dpction and use. But
on the basis of the available evidence, it appears that most GitlBRies have more or less
realized the first convergence phase (although less so in BulBamaania and Russia). We
argue that the convergence process may slow as the productivenandéon of ICT in
services is more complicated and requires larger changes ecdnemic environments of
CEER countries.

Further income and productivity convergence of the CEER countitasthe EU-15
will now be dependent on faster growth in the service and non-ICiig usector
manufacturing, which together already represent more than tvdstlof GDP in these
countries. In spite of the potential for technological leapfroggirsg.eddenced by the
manufacturing sector, the service sector in the CEE and Rumsiries has reported much
lower labor productivity growth rates than in the U.S during 1995-2001. Tiee tatuntry
seems to be among the few advanced countries which thanks to a dmiteymic
environment have so far moved successfully into the “second phaseT-¢éd(roductivity
growth. Further growth in CEE countries and Russia (as wefi asany EU-15 countries)
will therefore depend on continued progress in the creation of moderitutioss,

implementation of market-oriented policy reforms aimed at gtheming competition,
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increased innovation, improvements in the quality of the human capdaraenhancement
of the comprehensiveness and effectiveness of regulations.
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