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Marcin Piatkowski

The Potential of ICT
for the Development and Economic Restructuring
of the New EU Member States and Candidate Countriés

Summary

The purpose of this paper is to analyze the pakwti ICT in the Central and Eastern
European (CEE) countries for faster convergencé whe EU-15 income level. The paper
investigates this question from both macro and strguperspectives. First, it argues that,
between 1995 and 2001, ICT contributed to acceldrgtowth in all five new EU member states
(a case of technological leapfrogging) and thugrdauted to their faster convergence with the
EU-15. However, in two of the EU candidate coustrieRomania and, to a lesser extent,
Bulgaria - the income gap widened, mainly due ® Ibwer quality economic and institutional
environment. Second, the paper shows that ICT w&k dn important role in stimulating
productivity growth at industry level in the CEEurdries. Third, it argues that ICT offers
significant potential for faster productivity grdwin today’s non-ICT using industries. If these
industries were able to achieve the same rateanfyativity growth as the ICT-using industries,
then they would make a significant contributiorfaster growth in the CEE countries. Realizing
this potential, however, will crucially depend oar-feaching structural reforms, business re-
organization and investment in human capital. Bm#he paper develops a methodology, on the
basis of which it speculates that some industneSEE countries stand to benefit more from ICT
use than others.

! Acknowledgments: the author is grateful to Marc @agowicz from Institute for Prospective Technoladjic
Studies (IPTS) for helpful comments. IPTS, basedaville, Spain, is one of seven institutes of Dantl
Research Centre (JRC) of the European Commissiois. paper was written as part of a project sporsbre
IPTS and should not be reported as representingiéives of the International Monetary Fund. This @awas
originally published in the IPTS’s Technical Repseties, February 2005. It is availablevatw.jrc.es



1. Introduction

The recent accession to the European Union of ithteg €entral and Eastern Europe (CEE)
economies marked the end of their transition fromeatrally planned to a market econdmy
This historical event begs the question of wha islplayed by information and communication
technology (ICT) in the convergence process of Caiintries with the EU-15 and the U.S. and
the potential it may have for accelerating growth the future® Given that the most
straightforward transition growth reserves (i.eosth resulting from largely completed
privatization, advanced stage of the institutioflding, macroeconomic stability, elimination of
most loss-making state-owned enterprises, etcQEE countries (although less so in Bulgaria
and Romania) have already been exhausted, theop&gegher convergence with the EU-15 and
the US will now partly rely on the productive udd@©T.

Hence, the purpose of this paper is to analyzepttential of ICT in the CEE countries for
faster growth towards convergence with the EU-1¢oine level. The paper investigates this
guestion from both macro and industry perspectiFest, it argues that, between 1995 and 2001,
ICT did, indeed, contribute to accelerated growthall five new EU member states (a case of
technological leapfrogging) and thus contributedtheir faster convergence with the EU-15.
However, in two of the EU candidate countries - Ram and, to a lesser extent, Bulgaria - the
income gap widened, mainly due to the lower quaditpnomic and institutional environment.
Second, the paper shows that ICT use had an inmpodk in stimulating productivity growth at
industry level in the CEE countries. Third, it aeguhat ICT offers significant potential for faster
productivity growth in today’s non-ICT using indtiss. If these industries were able to achieve
the same rate of productivity growth as the ICTagsindustries, then they would make a
significant contribution to faster growth in the EEountries. Realizing this potential, however,
will crucially depend on far-reaching structuralarens, business re-organization and investment
in human capital. Finally, the paper develops ahwdblogy, on the basis of which it speculates

that some industries in CEE countries stand tofiteanere from ICT use than others.

2 For the history of the post-communist transitioa,der instance, Kolodko (2000).

® The eight new EU member states are the Czech Rep#istonia, Hungary, Latvia, Lithuania, Polandy\&lkia
and Slovenia. The European Candidate CountrieBalgaria, Romania, Turkey and Croatia.



The paper proceeds as follows. In Section Il, thpep analyzes the role of each of the three
channels through which ICT contributed to the psscef the CEE countries catching up with the
EU-15. It then relates it to the quality of econonand institutional environment as the
determinant of the diffusion and productive usd@Q¥. In Section Ill, an industry perspective is
adopted to show the divergence in labour produgtiyiowth rates between ICT-using and non-
ICT using industries in CEE countries, the EU-18 #re US. Section IV discusses the potential
contribution of a more intensive use of ICT in then-ICT using sector for the aggregate
productivity growth in CEE economies. Section V éleps a methodology for assessing which
of the non-ICT using industries could benefit mthvan others from the use of ICT. It then goes
on to provide an assessment of their potentialrimrtion to faster convergence with the EU-15.

Section VI presents conclusions and policy recontdagans.

2. The Contribution of ICT to Convergence and its [2terminants

Based on the above growth accounting methodologgriteed briefly in the Appendix 1,
Piatkowski (2004) shows the contribution of ICT éstment to growth in GDP and labour
productivity in CEE countries, EU-15 and the USrinlgi 1995-2001.

Table 1 shows that the contribution of ICT capital to GD®wth in CEE countries, with the
exception of Romania and Bulgaria, in absolute sewas higher than in the EU-15 (column 3),
despite lower levels of GDP per capita in the farnTdwus, in the case of the five leading CEE
countries, ICT capital contributed to convergenath\the EU-15 (although not with the US).
Yet, in the case of Romania and Bulgaria, ICT epéd to the widening of the income gap with
the EU-15 and the US.
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In this context, a question arises as to what explthe differences in the intensity of ICT
investment and in its impact on GDP and produgtigitowth within CEE countries relative to
the EU-15 and the US. Piatkowski (2002, 2004) aad ¥rk and Piatkowski (2004) argue that
this divergence seems to be primarily driven by difeerences in the overall quality of the
economic and institutional environment, labour @ndduct market flexibility, development of
infrastructure, spending on innovation, quality lmiman capital, development of financial
markets and macroeconomic stabilfygure 1 shows that in all of these dimensions, which are
combined in theNew Economy Indicator, Romania and Bulgaria lag behind the other fiveeCE
countries and the EU-15.

Figure 1: Relationship between the ICT capital contbution to labour productivity growth

and the value of the “New Economy Indicator”, 19952001 average
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Source: based on Van Ark and Piatkowski (2004). Highdugaof the ‘New Economy Indicator’ implies higher

quality of economic environment.

* The New Economy Indicator combines ten variables. The sample mean of vadtiedl variables is subtracted
from each number and then the result is divideddmple standard deviation. This implies a mearead and a
standard deviation of one across countries in éingpte. Hence, all results are comparable and cagy@egated.
Higher score implies higher quality of economic ieowment. For a complete methodology of New Economy
Indicator, please refer to Piatkowski (2002) and Van Ark Biatkowski (2004).



As to the role of the ICT producing sector in the cengence proces3able 2 shows that in

Hungary and the Czech Republic the impact of IGddpction on GDP growth was higher than

in the EU-15, thereby contributing to an acceletatenvergence. This was not the case for

Poland and Slovakia, which reported lower contidng to growth. As argued by Van Ark and

Piatkowski (2005), the divergence in the size oT I@roduction among CEE countries was

mainly driven by the differences in the value oflFDhis in turn depended on trade openness,

basic rule of law, development of infrastructureacnoeconomic stability and privatization

policies.

Table 2: The contribution of the ICT-producing secbr, ICT-using sector and non-ICT
using sector to GDP growth in CEE countries, the ELL5 and the US, 1995-2001 average

EU-15 USA Czech | Hungary| Poland| Slovakis
Republic

ICT producing sector 0.51 1.01 0.75 0.99 0.28 0.3
ICT using sector 0.93 1.83 1.55 0.20 1.56 1.3
Non-ICT using sector 1.20 0.89 -0.25 0.89 2.3Y 1.3
Share of ICT producing sector
in GDP growth (in %) 19.4 27.1 36.6 43.2 6.8 12.1
Share of ICT producing sector
in GDP (in %) 6.0 7.8 5.0 6.7 4.7 4.5

[

Note: Real estate has been excluded from GDP for alinties. Based on the US ICT deflators excluding

semiconductors and computers.
Source: Piatkowski (2004)

There is no data on the contribution of the ICTduwing sector to labour productivity growth

in other CEE countriesHowever, Gaspar (2004), on the basis of data fEomostat, provides

estimates of the share of the ICT sector in GDBlovenia, Bulgaria and Romania in 2003. It

turns out that the size of the ICT sector in Slézesnd Bulgaria is comparable to that of

Hungary and the Czech Republic and significanttgda than in Poland and Slovakia. The size

® Although Perminov and Egorova (2005) providereates of the contribution of the ICT productionlabour
productivity growth in Russia between 1995 and 2001



of the Romania’s ICT sector is roughly equal ta tfethe latter two countries. Alas, lack of data
on productivity growth rates in the ICT sector does allow for measuring its contribution to
productivity growth in these countries and thusaie in convergence.

Table 3 sums up the total contribution of ICT from investmy use and production to growth
in CEE countries, the EU-15 and the US. It turnistbat during 1995-2001 in five CEE countries
— the Czech Republic, Hungary, Poland, Slovakia &tavenia — ICT contribution to GDP
growth was higher or comparable to that of the BJBulgaria and Romania though lagged
behind® These results suggest that the five leading CHhtces, which have completed the
transition process as confirmed by their recenession to the EU, took advantage of ICT to
accelerate their catching-up with the EU-15. Unfodtely, this was not the case of Bulgaria and
Romania where due to a slower pace of reforms lI@¥eol a much smaller role in growth. Thus,

in these countries ICT contributed to the incraagbe income divide with the EU.

® Please note that due to the lack of data, Talllee3 not include the contribution of the ICT proidg sector for
Bulgaria, Romania, and Slovenia. However, the eartientioned data from Gaspar (2004) on the siZ€of
sector in CEE countries suggests that only in #se ©f Slovenia and Bulgaria the contribution of ¥&€oduction
could be significant. Yet, given the low contrilmrti of ICT investment to growth in Bulgaria, ICT tmc
contribution is not likely to be large enough targmensate for the difference in the ICT contributtorgrowth
with the EU-15.
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3. ICT Use and Convergence from an Industry Perspéige

Given the small size of the ICT producing sectohiol in all CEE countries does not
represent more than 8 percent of GDP (Balgle 2), the sustained convergence towards the EU-
15 income levels will naturally have to rely on f®ductivity growth in the non-ICT producing
sectors, particularly in services. The accelerdbour productivity growth will be driven by a
rise in capital intensity and technical change. E2h have a large role in both.

Van Ark and Piatkowski (2004) provide estimatesatWour productivity growth rates in ICT-
producing, ICT using and non-ICT using industriesaur CEE countries (the Czech Republic,
Hungary, Poland and Slovakia) for the period 1903812 Table 4 shows that productivity
growth rates in ICT-using manufacturing in four CE&untries are in most cases more than
double the productivity growth rates in the non-1@Sing manufacturingli@ble 5in Appendix 2
provides detailed data for labour productivity gtbwates for each industry). This suggests that

ICT use has been an important source of produgtiyibwth and convergende.

" Although it has to be remembered that these tesld not prove the existence of causality betw&h and
productivity growth. It may be that either ICT usentributes to faster productivity growth or thadliistries with
high productivity growth rates happen to use ICtemmsively. Given the evidence, the first propositEunds
more probable.

10
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Productivity growth rates in the ICT-using manutactg in CEE countries are also substantially
higher than in the EU-15 and the US. This provieldslence for the success of the restructuring
process of ICT-using manufacturing industries inEC&untries driven by basic fundamental

reforms allowing for inflows of FDI, increase in magement skills, labour shedding, and
replacement of old equipment with new capital endiiegl modern technologies, particularly

ICT. Thanks to the high productivity growth ratéST-using manufacturing industries in CEE

countries contributed between 0.46 and 0.98 peagentpoint to the aggregate labour
productivity growth between 1993 and 2001, agaahsse to zero for the EU-15 and the US
(Table 6).

12
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In ICT-using services, however, productivity growdtes in both CEE countries and in the EU-
15 were much lower than in the USdure 2).

Figure 2: Labour productivity growth rates in ICT-u sing manufacturing and ICT-using
services in CEE, the EU-15 and the US, 1993-2001eaage.
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Note: 1995-2001 average for the EU-15 and the US.
Source: Van Ark and Piatkowski (2004). Perminov and Egear¢2005) for Russia.

The differences in the productivity growth rateghe ICT using services in favour of the US
provide ground for a hypothesis of a “two-phasefiv@rgence. In the first phase, as argued by
Van Ark and Piatkowski (2004), productivity growihdriven by the restructuring the in ICT-
using manufacturing based on a relatively simplglacement of old machinery with new
equipment as well as growth in FDI-driven ICT protion. Quite importantly, the former does
not require any major changes to the enterprisargzgtion or large investments in human skills.
In the second phase, however, productivity growthdriven by the ICT use in the service and
non-using ICT sector. This requires a conducivarnass environment, business re-organization
and investment in human and ICT skills. It seenas $o far only the US succeeded in moving to
the “second phase” of the productive use of ICTegslenced by much higher productivity
growth rates in ICT-using services. Piatkowski &ah Ark (2005) argue that this is due to a

14



much more conducive business environment in théhd® in CEE countries and in the EU-15 as
well as a higher quality of management practices.

One can conclude that given that the simple trmsigrowth reserves in CEE countries,
although less so in Bulgaria and Romania, haveadyrdbeen exhausted (as evidenced by the
rapid productivity growth in the ICT-using manufaghg industry which has exploited the large
catch-up potential through ICT-aided restructurieg$tained convergence with the EU-15 will
now have to rely on productivity growth in the niiF using sector. Productive use of ICT in
these industries, however, requires far-reachimgcttral reforms stimulating business re-
organization, labour force re-allocation, and iasein ICT and management skills. Otherwise,
the ICT-led convergence may slow down as the reiring process in ICT-using manufacturing

nears completion and further investments in ICTdytgminishing returns.

4. The Potential of ICT Use in Non-ICT Using Industies

Since ICT-using sectors in CEE countries reporighdr productivity growth rates than non-
ICT using sectors during 1993-2001, higher ICT sta@ent intensity in the latter sector, coupled
with organizational innovations in enterprises apgropriate human skills, could contribute to
faster productivity growth and thus acceleratedtuag-up with the EU-15.

But what would be the size of the potential conttikn of a more intensive ICT use to faster
productivity growth? In order to answer this quastione needs to zoom in on the service sector
in CEE countries to examine the size of the add#icontribution to the aggregate productivity
growth if the service sector was able to achiewestime rate of productivity growth as in ICT-
using services in the US.

Table 5in Appendix 2 shows that the largest differenceiiaductivity growth in the service
sector in CEE countries and the US concerns thdesale and retail trade. Between 1993/5 and
2001 the average productivity growth in these two-sectors in the US was considerably higher
than in CEE countriesF{gure 3).2 This was the case in spite of the large produgtigap

8 |t is worth noting though, that the measuremémiroductivity growth in the service sector is wigenown to be
plagued by a number of measurement problems. 8emstance, Triplett and Bosworth (2004).

15



between these sub-sectors in CEE countries andhén US, which — similarly to the
manufacturing sector — should have driven muchdrigihoductivity growtH.

Figure 3: Labour productivity growth in total servi ces and in wholesale and retail trade in
CEE countries, EU-15 and the US, 1993-2001

EU-15 us

Labor productivity growth, 1995-20C
N

‘ O Services® Wholesale traddd Retail trad#

Note: GDP per person employed. 1995-2001 for the Eldwidbthe US
Source: based on Van Ark and Piatkowski (2004)

Given the large share of wholesale and retail tiad&DP of CEE countries, productivity
growth on par with the US would result in a subsgrmadditional contribution to the aggregate
labour productivity growth ranging from 0.32 of erpentage point in the Czech Republic to 1.21
in Slovakia Table 7). Faster productivity growth in the non-ICT usisector would also boost
the aggregate labour productivity in the EU-15 b§00of a percentage point. As argued in
Section 3, such a sizeable productivity increasewdver, can not be achieved without

improvements in business organization, human skiltsin the overall business climate.

° Although the high productivity growth in the UShalesale and retail trade seem to have been at peaty
driven by factors unique to the U.S., including mmmies of scale, lack of zoning rules and the “Watneffect”.
See, for instance, McKinsey (2001).
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The potential for ICT-driven productivity growth guconvergence can also be assessed on the
basis of experts’ assessmemévlin and Litan (2001) provide estimates of ICTated savings
due to the use of the Internet in the US betweedD28hd 2005 in eight sub-sectors of the
economy representing 70 percent of GDP. They fiwad the manufacturing, health and transport
industry show the largest promise for ICT-relatewisgs and related increase in productivity
(Table 8). The benefits of ICT use in education and rdtadle, however, proved to be too hard

to quantify.

Table 8: Estimates of the potential savings due tiie use of Internet in the US during
2000-05, by sub-sectors

Industry Estimated savings until 2005 As share of GDP in 2003
(in billion $)

Education Hard to estimate -

Financial services 19 0,2%

Public administration At least 12 0,1%

Health 41 0,4%

Manufacturing 50-100 0,5% - 1,0%

Retail trade Hard to estimate -

Transport 3-79 0%-0,7%

Total 125-251 1,2%-2,4%

Source: based on Litan and Rivlin (2001, p. 39)

Litan and Rivlin (ibid.) analysis also underscottes potential for ICT-led productivity growth
also in the public sector. This potential seembéarticularly large for CEE countries, where
the overall quality and efficiency of the publict® is low relative to the EU-15 and to the US
in particular. An enhanced use of ICT in the pukkctor would contribute to an increase in its
productivity, improve revenue collection and geterarge savings in operating costs. These
benefits could go a long way towards “saving théfave state” in both CEE countries and in the

EU-15 that is now being undermined by the erosioih® tax base due to the combined effect of
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globalization and spread of ICT networfaViore intensive use of ICT in the public sector Wou
also boost productivity of the private sector tiglbbweduction of red tape, better quality of public

services, easier access to information and highasparency.

5. Divergence in the Potential of ICT Use

The discussion on the sources of faster growthamyergence of CEE countries with the
EU-15 begs a question of which industries in the-HoT using sector are likely to benefit the
most from ICT use and hence drive the productigggvergence. While | have shown that more
rapid productivity growth in the wholesale and ietsector would substantially add to
productivity of CEE economies, the achievementighér productivity growth in these two sub-
sectors may be more difficult than in other non-I@ing sub-sectors of the economy. Should it
be possible to pinpoint the latter, such a selactibindustries could provide some ground for
both additional private investment as well as aipyiwlicy focused on promoting ICT use in the
most promising industries from the point of viewtloéir potential for ICT-led faster productivity
growth. A better understanding of the ICT-relateovgh potential of specific industries could be
particularly pertinent to CEE countries which needecide on how to spend EU structural funds
earmarked for the absorption of ICT and the dewalmt of the information sociely. The
section below develops a methodology for seledtiege industries. It also provides estimates of
the potential contribution of a higher productivigrowth in these selected industries to
convergence with the EU-15.

Before, however, | analyze the productivity potahtif specific non-ICT using industries, it is
important to discuss the determinants of ICT difinson the industry level. In essence, why is it

that some industries invest in ICT more intensivtbgn others?

10 see Tanzi (2001) for the discussion of the ingtlans of globalization and ICT for revenue coliestin
developed countries.

1 For instance, EU funds for ICT and the informatimciety development available to Poland betwé&@&4 2nd
2006 amount to around one billion euro. How to nppstuctively spend this money is then truly alibil euro
question’.
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There is a very limited number of studies examirtimg determinants of ICT diffusion at the
industry-level, particularly in CEE countries. OEQ2ZD03, 2004) underscores the importance of
competition, stemming from flexible product marketsl the ease of market entry and exit, trade
openness, labour market flexibility and the quatifyhuman capital. Muller and Salsas (2004)
examine, on the basis of data from the “e-Busiigessey 2003”, Internet usage in enterprises in
25 EU Member States. They find that the access to the Internet as aelihe use of e-mail is
strongly and positively correlated with the shaférade in total revenue and the company size.
Taking Internet usage as a proxy for intensity@T linvestment, this suggests that ICT intensity
is dependent on the level of trade openness anceelay consolidation of the industry (the
higher, the better for ICT investment). Clarke (2p@inds that access to the Internet in CEE
countries is positively correlated with the shafdéooeign ownership. The absorption of ICT on
the industry-level is also likely to be driven thetinherent nature of industries in question. The
‘weightless’ industries like the financial sectonass media, and entertainment seem to be
naturally better suited to absorb ICT than more ténal’ sectors (agriculture, mining,
manufacturing).

The significance of each of the above factors @F Investment intensity can not be assessed
due to a lack of data on ICT investment at the stigulevel in CEE countries. Likewise, it is not
possible to provide a classification of ICT-usingdanon-ICT using industries in CEE countries
as well as in the EU-15. Instead, one can relyroiCg industrial taxonomy available from Van
Ark and Piatkowski (2004), which divides industriesthe EU-25 into industries that use ICT
more intensively (“ICT using”) and less intensivel§inon-ICT using”) on the basis of the
intensity of ICT investment in the US industiy.The ICT-producing group is in turn
distinguished on the basis of the OECD classifocati

As pointed out by Van Ark and Piatkowski (2004)e tmain issue here is whether the US
classification of industries can be applied to #g-25. This mostly concerns the new EU

member states from Central and Eastern Europe hvérie at a much different stage in industrial

2 The “e-Business Survey” was carried out by e-Bess W@tch in November 2003 for the European Cosgionis
Enterprise Directorate General. The survey cov@wesiness services, Chemicals, Crafts & Trade,tEaics,
Health services, ICT services, Retail, Textile, fism, and Transport. For more information, pleasterrto
http://www.ebusiness-watch.org

13 As measured by the share of ICT capital in tosgiital services. See van Ark, Inklaar and McGudRi®03) for a
detailed description of this methodology.
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development than the US econofyHere the main assumption is that the industryteve
distribution of the ICT use in the US presentstao$¢éechnological opportunities that is likely to
be also taken up by industries in CEE countries. iRstance, the utility of the ICT use in
agriculture in the US and in CEE countries is kki be similarly low.

The validity of the ICT taxonomy can be confronteith the industry-level data for Slovenia
on the ICT investment during 1996-2001 availabterfthe Slovenian Statistical Offi¢2Based
on the data, the Slovenian industries can be dividéo “ICT-using” and “non-ICT using”
depending on the value of ICT investments as aeshmatotal investment (gross fixed capital
formation). Industries with higher share than thedran for all industries can be classified as
ICT-using, while those below the median as non-iSihg.

Table 9 shows the classification of Slovenian industriesterms of the intensity of ICT
investments. It turns out that the resulting classion is largely similar to the ICT taxonomy
presented by Van Ark and Piatkowski (2004) and useldis paper.

4 As regards the EU-15, on the basis of the avalahlidence for some EU countries, Van Ark, Inklaad
McGuckin (2003) show that the rankings of ICT irsigynacross industries in the EU-15 are reasonsibiylar to
that of he US. However, a few industries, like sf@ort, storage and textile products, are classd@tCT-using in
the US but not in the EU. In contrast, chemicalstdy is classified as non-ICT using in the US, I&IE-using in
the EU-15.

15 Data for 1996-2000 is available only for investinien T hardware and software. Starting in 200%, data also
includes investment in telecommunication equipment.
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Table 9: Classification of industries on the basisf intensity of ICT investments in Slovenia,
1996-2001 average

Share of ICT investment in total GFCF,
1996-2001 average

ICT-using
Financial intermediation 30.6%
Real estate, rental, professional services 18.0%
Education 16.7%
Transport and communications 11.8%
Other services 10.8%
Fishing 9.6%
Wholesale and retail trade, repair 9.3%
Health 8.4%
Non-ICT using
Public administration 7.8%
Manufacturing 6.7%
Construction 6.1%
Agriculture 5.5%
Hotels and restaurants 3.6%
Utilities (gas, electricity, water) 3.3%
Mining 2.2%
Average for the whole economy 9.1%
Median 8,4%

Source: Based on Stare et al. (2004).

The ICT taxonomy can now be used to analyze thenpal of ICT for industry-level
productivity growth. This can be done through bidda matrix of industries combining two
taxonomies: the ICT taxonomy based on the ICT uskthe taxonomy developed by Peneder
(1999, 2003), which divides manufacturing industraeccording to their physical and human
capital intensity (for instance, industries canlégour intensive and low-skill). The argument

here is that industries of the same nature as degarysical and human capital intensity should
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exhibit the same patterns in ICT use and conselyuenthe productivity growth rates. If this is
not the case, then it can be argued that non-IGhgusdustries could accelerate their
productivity growth to the same level as in ICThgsiindustries of the same nature through
increased spending on ICT. As shown in Section\v&ngthat ICT-using industries have higher
productivity growth rates, the additional contrioat of ICT to the productivity growth in an
economy would be equal to the difference betweenpttoductivity growth in ICT-using and
non-ICT using industries.

This matrix approackan also provide indications as to which non-ICihgsndustries stand
to benefit the most from the ICT use to increasartproductivity growth. The number of
industries of the same nature represented in tieuking category suggests the size of the
potential for productive use of ICT, i.e. the lardbe number of industries in the ICT using
category, the higher the economic potential for I@Se in these industries relative to other
industries. Should such a group of industries lbmdo then non-ICT using industries of the same
physical and human capital intensity would have ldrgest potential to increase productivity
thanks to a more intensive ICT use.

Peneder (1999, 2003) taxonomies are built on theslzd a technique of statistical clustering,
based on which industries are classified accortbnipeir similarity in terms of typical patterns
of factor input combination€. The taxonomy based on the physical capital intgmvides the
manufacturing sector into mainstream manufacturiapour-intensive, capital-intensive and
marketing driven industries. This classificatiomased on the following variables:

labour intensity (average ratio of gross wagessataries to value added from 1990 to
1995)

capital intensity (average ratio of total investtseio valued added from 1990 to 1994)

advertising sales ratio (average ratio of advergisiutlays on total sales from 1993 to
1995)

R&D sales ratio (average ratio of expenditures &bRo total sales 1993-95)

8 To quote from Peneder (2002), p. 113): ,the tegheaiof statistical clustering produces a clasdificescheme of
individual observations, depending on their relatsimilarity or nearness to an array of variabldse basic idea
is one of dividing a specific data profile into segnts by creating maximum homogeneity within angimam
distance between groups of observations”.
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The remaining industries, which are distinguishgdheir lack of reliance of any of the four
factor inputs, are classified as “manufacturingmeaieam™’

The taxonomy on the human capital intensity in farbased on the input of the quality of
labour skills based on two different types and e skills. Manufacturing industries are
divided into four groups: “white-collar high-skill*white collar low skill”, “blue collar high
skill” and ,blue-collar low-skill”.

Table 10 and Table 11 present the matrix built on the ICT taxonomy comeli with,
respectively, the taxonomy on the physical and hurepital intensity.Table 10 shows that
labour-intensive and mainstream manufacturing ititkss are on the whole most likely to use
ICT intensively as they have the largest represemtan the ICT-using category. Hence, the
potential for the productive use of ICT in thesdustries can be considered as the largest among
all industries. Consequently, the mainstream armwbua intensive non-ICT using industries
should stand to benefit the most from a more intensse of ICT.

Similarly, Table 11 based on the taxonomy on human capital input shbatsmedium-skill
white collar and medium-skill blue collar industiare the most likely to use ICT intensively.
Hence, the non-ICT using industries of the sameamunapital input are likely to be able to use
ICT more productively than other industries.

' The data refers exclusively to the US manufactuiimdustries. The underlying assumption is thaustdes in
CEE countries have largely similar dispersion aflan capital intensity.
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Table 12illustratesthe differences in productivity growth rates in neiream manufacturing and
labour intensive ICT-using and non-ICT using indiest Productivity growth rates in the former,
except for the US and Slovakia’s mainstream matufeng, were much higher than in the non-
ICT using sector. SimilarlyTable 13 based on the human capital taxonomy shows that the
productivity growth in medium skill blue and whitellar ICT using industries was higher than
in the non-ICT using sector. These results proadsrong indication of the important role of
ICT in stimulating productivity growth at the induglevel.
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The differences in productivity growth rates betwee ICT-using and non-ICT using
industries also show that there is a large potefutidaster productivity growth in non-ICT using
industries. This begs a question of the impactheneconomy-wide productivity growth rates if
the above selected non-ICT using industries wete @b increase their ICT investments and
subsequently catch-up with the productivity growdtes of the ICT-using industries.

In order to estimate this potential, the differemcéabour productivity growth rates between
the ICT using and non-ICT using industries needbeanultiplied by the share of the non-ICT
using industries in the aggregate value addeble 14 shows that a more intensive ICT
investment in non-ICT using mainstream and labauensive manufacturing could have
substantially added to the aggregate labour prodiyctbetween 1993-2001 in the Czech
Republic and — to a lesser extent — in Hungary Bothnd. In all three countries ICT-led
restructuring in the non-ICT using sector couldsthansiderably accelerate convergence with the
EU-15. For the EU-15, the US and Slovakia, howetrer difference in productivity growth rates

would not be significant’

18 Needless to say, these results are indicative dtg negative result for the US can be explainethb fact that
non-ICT using industries in the US have alreadyieaad productivity levels similar to ICT-using irgtties and
hence there was no space for productivity catchhughe case of Slovakia, the negative result is thulow
productivity growth rates in the ICT-using mainsire manufacturing sector, which suggests that |@&stment
in this sector may have not been used productively.
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The contribution to a faster productivity growthdaaccelerated convergence would be even
higher for medium-skill blue and white collar indiuss. As shown inTable 15 higher ICT
investment in non-ICT using manufacturing couldré@ase the aggregate labour productivity
growth in CEE countries by additional 16% to 42% pear. This would have a significant

contribution to faster convergence with the EU-15.

33



ve

"S3IBAULMO S Joyine pue (#002) MSMoxield pue 3y uepaseq salel ymolb Aianonpoid a1ebalbby :92i1n0S

"AlU0 TO0Z-G66T 10} SN SYEPST-NI dY} 40} Ywmoib ANAnonpoid a1ebaibby 810N

%G'81 %091 %6°1¢ %G CY %€ ¢ %cC'¢ Ummolib 47 Jo aleys e sy
91°0 €590 €50 0C'T S0°0 €00 Umolb 47 01 uonnguiuod [ejo L
0S¢ ge’e Tv'e 8’z 6T°C veT ymolo Ananonpold Jnoge] ayefbaibby
%6°ET %T9 06°'TT 06°0T %8'T- %v'T Ummolb 47 [el01 Jo aleys sy
GE0 ®e 620 1€0 (¥0'0) 200 Jej|0d SUYM P3||fS-wnipauu
Buisn 1 DJ-uou ur AuAnonpoud ur asealdul 0}
ahp ymoub 47 arebaibbe 01 uonngiuod feuonippy
%SV 666’ 6T°0T 69'TE %IV %8°0 UmmoiB 47 [e1o1 Jo areys sy
TT°0 €e0 vZo 68°0 60°0 T00 1e||0d an|q paj|Xs-wnipaw
Buisn | DJ-uou ul AlAnonpold ul asealdul 0}
ahp ymolb 41 arebaibbe 01 uonnguiuod jeuonippy
%LV 6'% %9 %.°C %v'e %Z'e 1e||00 SHYM p3|IXS-wnipaw
Buisn ] DJ-uou Jo pappe anjeA ui aseys [e1o |
%.L'E %T'E %8¢ %€E'S %V'e %T'¥ 1e||0d an|q paj|Xs-wnipaw
Buisn ] DJ-uou Jo pappe anjeA ui aseys [e1o |

eNeno|S puejod ArebunH ‘day vsn ST-N3

yoaz)d

abelane [enuue pg-£66T ‘Swuiod abejuaalad ul ‘10108s Buisn | Dl-uou

BulinioenUeWw ulA1ISUalUl JUBWISBAUI | D] padureyua wod) yimoib Aliaonpold anoge| 01 uonngiauod [euonippy ST a|qel




The above projections assume, however, that the méensive ICT investment in non-ICT
using industries will automatically translate irtt@gher productivity growth. This is obviously
not the case since, as argued by Brynjolffson artt (B000), ICT investment in order to be
productive needs to be complemented with adequfeskills and re-organization of business
processes around new ICT solutions. Dorgan and Rd&@04) emphasize a similar point by
showing that the productive use of ICT is closéhkeéd to the quality of management practices.
In turn, Hempell (2002) on the basis of a studytltdé German service sector argues that
innovation experience is prerequisite to the préidaaise of ICT. A history of innovation is also
much more important for the use of ICT than foreotfiorms of capital. This argument is
particularly pertinent to enterprises in CEE coi@strwhich under the centrally planned economy
did not have to innovate to survive. Hence, maragdr CEE companies with no previous
innovation experience are much less likely thanrtivestern counterparts to innovate around
new ICT applications. As a resutigteris paribus, the productivity of ICT investments in CEE
companies could be lower than in the EU-15. Themploint is that managers of CEE companies
would also be less likely to invest in ICT in thesf place. When faced with a choice of making
an investment in either ICT or in other forms ofpital (machinery, real estate, transport
equipment etc.), they would most likely choosel#tter, already familiar investments rather than
high-risk ICT, which they have not ever done before

Assuming, however, that non-ICT using industrie€EE countries would be able to use ICT
productively, the question is whether the projetion the considerable potential for higher
productivity growth in non-ICT industries are raéilt. One way of checking it is to show that
there is enough of a gap in productivity levelsamsn CEE countries and the EU-15 so that ICT-
led productivity catching-up is possibleigure 4 shows that labour productivity levels in non-
ICT using industries in CEE countries are indeed¢hmower than in the EU-15, as proxied — due
to lack of other data — by Austrtd.This evidences the existence of a substantial rémm

productivity improvements in the non-ICT using sect

19 According to Eurostat's New Cronos Database, id32Me level of productivity in Austria amounted36.9% of
the EU-15 average as measured by labour prodycpeit person employed.
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Figure 4: Labour productivity levels in manufacturing industry in CEE countries in 2002,
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A similar picture transpires fromhable 16 showing productivity levels in CEE industries in
comparison to the average productivity levels ia Whole manufacturing sector in the same
countries. Non-ICT using industries of leather,titeg, wood and wood products exhibit the
lowest productivity levels relative to the averagfence, there is ample scope for ICT-driven

productivity growth.
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Table 16: Labour productivity levels in manufacturing industries in CEE countries, as % of
total manufacturing productivity level, 2001

Czech

Republic Hungary Poland Slovakia

Manufacturing total, productivity

relative to the EU-15 average

(EU-15=100)* 40.6 47.9 36.2 36.5
Food products, beverages 132.4 88.2 118.4 105|5
Textiles 48 25.5 36.9 24.9
Leather and leather products 30.3 20.4 44 30.6
Wood and wood products 106.3 40.9 78 52.9
Pulp and paper, publishing and

printing 116 96.2 128.1 135.2
Chemicals 166.3 130 157.9 128.8
Rubber 104.2 84.6 105.9 111
Non-metallic mineral products 90.2 68.4 87.4 72.4
Basic metals 88.2 76.7 98.7 106.3
Machinery and equipment 75.5 57.7 67.2 63.6
Electrical and optical equipment 80.1 163.3 113.5 9.46
Manufacture of transport

equipment 159.4 279.5 135.3 295.6
Other manufacturing 71.6 37.1 69.4 76.6
Coke, petroleum products 1103.4 244.6 614.3 598.7

Note: * based on PPP prices for gross fixed capitaintdion 1999. Productivity level versus total mamtifiaing

sector’s average.

Source: based on Havlik and Urban (2003)
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6. Conclusions

Between 1995 and 2001, ICT contributed to an acatedd convergence of all five new EU
member states from Central and Eastern Europe thih EU-15. Romania and Bulgaria,
however, lagged behind as ICT contribution to gfowls lower than in the EU-15. This was
due to a lower quality economic and institutionavieonment than in other CEE countries. The
divergence between the economic impact of ICT eueis a close link between diffusion of ICT
and advancement of economic reforms.

Since the ICT-producing sector in CEE countrieshwhe possible exception of Hungary and
the Czech Republic, is too small to be a main drofegrowth and because the simple transition
growth reserves have been already exhausted in @BEt countries, sustained productivity
growth and convergence with the EU-15 will now héweely on the productive use of ICT in
the non-ICT producing sector, particularly in seed. This paper provides evidence that ICT use
had an important role in stimulating productivitpgth at industry level in the CEE countries, as
between 1993 and 2001, ICT-using industries reddrigher productivity growth rates than non-
ICT using ones.

If non-ICT using industries were able to increase intensity of ICT investment and thus
achieve the same rate of productivity growth as I@€-using industries, it would provide a
considerable boost to the convergence processiziRgathis potential, however, would require
further structural reforms aimed at deregulatingdpict markets, more flexible labour markets,
business re-organization based on improved managermeactices, higher spending on
innovation and, finally, larger investment in huneapital and ICT skills. These are much harder
to achieve.

It seems that within the non-ICT using sector, s@meam manufacturing, labour intensive
industries and medium-skilled white and blue cotfeanufacturing would benefit more from the
ICT use than other industries. More intensive UskC@ in these industries could significantly
contribute to faster economic growth in CEE cowstrand accelerate the speed with which they
catch up with the EU-15. It also provides an intlaza to the private and public sector that
returns on ICT investment in certain industriesldquotentially be higher than elsewhere. The
public sector could contribute to the realizationtlus potential by stimulating a conducive
business environment and promoting ICT use by ngakumblic productivity level rankings and

growth rates, thus raising awareness of the egiginoductivity gaps. The public sector should
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also accelerate the development of public e-sesvimed establish a mandatory use of e-
procurement by the whole public sector and allggeventerprises willing to participate in public
tenders. Finally, EU funding on ICT-related prograes should be based on a detailed cost-
benefit analysis in order to ensure the highestnston investment.
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Appendix 1

METHODOLOGICAL NOTE: ACCOUNTING FOR THE IMPACT OF ICT ON OUTPUT GROWTH AND

L ABOUR PRODUCTIVITY

The methodology of measuring the contribution of © growth and productivity is based on
original work by Solow (1957) and Jorgenson andi€es (1968) and later extended by inter
alia Oliner and Sichel (2000) and Jorgenson an®I&S{2000). Since ICT products and services
are both outputs from the ICT industries and inpats ICT-using industries, ICT can impact
economic growth through four major channels:

production of ICT goods and services, which directhntributes to the aggregate value added
generated in an economy;

increase in total factor productivity (TFP) of pumtion in ICT sector, which contributes to
aggregate TFP growth in an economy;

use of ICT capital as in input in the productiorotiier goods and services;

contribution to economy-wide TFP from increase inductivity in non-ICT producing sectors
induced by the production and use of ICT (spillostects).

To measure the overall impact of ICT on growthsibest to express the aggregate production

function in the following form:

Y, =Y (YY) = AF(C, K, L) 1)

where, at any given timg aggregate value addétlis assumed to consist of ICT goods and
services ICT —Y'°", as well as of other productio’;. These outputs are produced from
aggregate inputs consisting of ICT capffal other (i.e. non-ICT) physical capitiél, and labour
L. TFP (total factor productivity) is here represeniedhe Hicks neutral or output augmenting
form by parameter A.

Assuming that constant returns to scale prevadroduction and that all production factors are

paid their marginal products, equation (1) cany@essed in the following form:

A

-~ ~ a ~ ~ -
Y =W, YT +wY? =v Ci+v K, +v L+ A 2)
where symbol indicates the rate of change and the time indeast teen suppressed for the
simplicity of exposition. The weightscr andwp denote the nominal output shares of ICT and

non-ICT production, respectively. The weights sunone similarly as the weightger, Vo and
v, which represent the nominal shares of ICT capiah-ICT capital, and labour, respectively.
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Denoting the total employment by(t) and labour productivity by(t)/H(t), the equation (2) can
then be re-arranged to measure the contributionGar investment to growth in labour
productivity:

V=H = (C—H) +vy (K, —H) + A @3)

As shown in the above equation, there are threeceswof growth in labour productivity: ICT
capital deepening, i.e. increase in ICT capitalises per employed person, non-ICT capital

deepening, and exogenous growth of TFP, whichriseldfrom increase in productivity in ICT-

producing, ICT-using and non-ICT using sector.
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