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The economic literature provides a wide array of evidence that Central, Eastern 
and Southeastern Europe (CESEE) has made enormous progress with conver-
gence. Early studies such as Kočenda (2001) point to convergence in macroeco-
nomic variables even before the year 2000. From the beginning of transition up 
until the financial crisis, CESEE countries mostly benefited from capital accumu-
lation, high investment rates and FDI inflows (Bijsterbosch and Kolasa, 2009); 
however, the gains from improving the efficiency of production and productivity 
changes have also been substantial (Schadler et al., 2006). Rapacki and Próchniak 
(2009), on the other hand, focus on the role of EU enlargement and its significant 
contribution to economic growth in CESEE.

Despite CESEE’s dynamic catching-up process, the gap between CESEE and 
the EU-15 in GDP per capita (in absolute terms, price level-adjusted), highway 
infrastructure and net capital stock per employee remains substantial. Dynamic 
investment growth was one of the pillars of convergence in CESEE and the under-
lying force of the catching-up process; the beginning of the Great Recession, how-
ever, was marked by plummeting investment activity. Slowing private investment 
and a reduction of foreign capital inflows became a global phenomenon. Lower 
investments also reduced total factor productivity (TFP) growth across the world, 
making the slowdown of CESEE convergence more apparent after the crisis.

Despite recent drawbacks, capital accumulation is likely to remain an import-
ant growth factor in CESEE in the years to come; yet, growing attention is being 
paid to reestablishing the growth drivers toward innovation and research in order 

1	 Erste Group Bank AG, juraj.kotian@erstegroup.com, zoltan.arokszallasi@erstegroup.com and katarzyna.
rzentarzewska@erstegroup.com. Opinions expressed by the authors of this study do not necessarily reflect the 
official viewpoint of the Oesterreichische Nationalbank (OeNB), the Eurosystem or Erste Group Bank AG. The 
authors would like to thank Katharina Allinger (OeNB) for helpful comments and valuable suggestions.

2	 In this study, CESEE refers to a group of seven countries: Croatia, the Czech Republic, Hungary, Poland, Romania, 
Slovakia and Slovenia.
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After the fall of socialism and a short transition period, Central, Eastern and Southeastern 
Europe (CESEE2) has been outperforming the growth of Western Europe and thus helped  
reduce the relative gap vis-à-vis the EU-15 in GDP per capita (purchasing power standard) by 
one-third. The Great Recession has visibly slowed down the pace of convergence, however. The 
current growth model, which is based mostly on capital accumulation, has thus been chal-
lenged, calling for CESEE economies to become more innovative and knowledge oriented. 
Focusing on returns from different types of investments on total factor productivity (TFP), our 
panel data analysis suggests that the same amount of money invested in the information and 
communication technology (ICT) sector tends to have a higher immediate spillover effect on 
TFP growth than investment in infrastructure or machineries. Although capital accumulation is 
likely to remain an important growth factor in CESEE in the years to come, a sufficient level 
of computer skills and Internet usage support knowledge-based investments, yielding relatively 
high returns. Thus, CESEE economies could potentially benefit from going digital and spending 
more on research and development (R&D), but on condition that complementary factors are 
in place.
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to sustain CESEE’s long-term growth potential. International institutions such as 
The Vienna Institute for International Economic Studies (wiiw), the Organisation 
for Economic Co-operation and Development (OECD) (2013) or, more recently, 
the European Bank for Reconstruction and Development (EBRD) (2017) have 
suggested that there is a need for a new growth model for CESEE. The OECD 
(2013) suggests, for example, that more attention could be paid to knowledge-based 
capital. In many EU countries, investments in intangible assets have been growing 
steadily. Moreover, after the crisis, investments in information and communica-
tion technologies (ICT) have not dropped as strongly as non-ICT investments. We 
therefore focus on the factors that, along with ongoing investment in traditional 
forms of capital, would be positive for boosting TFP growth in CESEE, such as 
investment in ICT, digitalization or research and development (R&D). Especially, 
evidence shows3 that in the long run, productivity improvements can account for 
half of GDP growth (Easterly and Levine, 2001), with the adoption of technologies 
making up a sizeable share.

1  Convergence at different speeds

Although CESEE growth has been outperforming growth in Western Europe for 
the last two decades, the road infrastructure gap between the EU-15 and CESEE 
remains substantial. On the other hand, the digital infrastructure gap is relatively 
negligible. Huge differences persist, however, in the quality of road infrastruc-
ture, where CESEE countries, despite their recent efforts and access to EU funds, 
have only reached a highway density comparable to that of the EU-15 in 1979 (see 
chart 1, left-hand panel). Convergence in areas that require a lot of physical capital 

3	 We use Penn World Table 5.6 capital stock data for 64 countries. Penn World Table 5.6 was released in January 
1995 and contains data from as early as 1950 (the capital stock recorded in 1951 is given as initial or the earliest 
available figure).
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seems to be a lengthy process and the low level of capital stock in these economies 
is one of the most striking legacy issues. In contrast, the digital infrastructure gap 
between the CESEE countries and the EU-15 is much narrower and the delay in 
catching-up is here measured in years rather than decades (see chart 1, right-hand 
panel). For example, with 79% of households having Internet access, the CESEE 
region is now lagging only four years behind the EU-15; for access to mobile broad-
band, the gap is only two years. This gap is mainly attributable to lower household 
Internet connectivity rates in rural areas in CESEE; there are hardly any differ-
ences between Western Europe and CESEE in urbanized areas in terms of Inter-
net access. The digital infrastructure gap is thus far narrower than the 36-year lag 
in highway infrastructure density.

2  Digitalization as another way of fostering convergence

When it comes to CESEE’s digital competitiveness, connectivity, Internet use and 
digital skills are not seen as the major challenges to the adoption and utilization of 
new technologies. According to the Digital Economy and Society Index (DESI)4, 
which measures the digital performance of EU Member States, the Czech Republic 
is already at par with the EU-28 average in most of the relevant categories, while 
Romania remains an outlier, drifting from the peers mainly in terms of digital 
skills and integration of new technologies (see chart 2).

The category in which the CESEE countries have been underperforming most 
visibly is providing digital public services. We see much room for improvement for 
CESEE countries in the area of e-government services, with a strong spillover 
effect into other areas of the economy that would potentially have an overall 

4	 The DESI is for 2016.
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positive effect on the region’s prosperity (see discussion in box 1). For instance, a 
positive correlation between Internet usage in interacting with public officials and 
the perception of a country’s corruption level5 suggests that digitalization may be a 
positive factor supporting the level of transparency in government rules and 
policies and empowering legal equality among citizens. Digitalization can lead to 
more structured and faster processes, overall cost savings and thus a higher overall 
satisfaction in society. Going digital seems thus a must when it comes to helping 
maintain an affordable pace of economic convergence, in particular, and to being 
ready to scale up business.

Once the prerequisites, i.e. digital skills and/or connectivity, are in place, it 
seems there should be no major obstacles to stepping up investment in ITC. 
Increasing the share of investment in intangible assets related to the adoption of 
new technologies should be of growing importance to CESEE, where rising labor 
costs challenge the previous growth engine while demographic developments also 
face strong headwinds.

5	 We present evidence on the positive correlation between e-government usage and the Corruption Perceptions Index 
in Arokszallasi et al. (2017).

Box 1 

E-government

Most CESEE countries have declared digitalization one of their priorities and have strategies 
approved for the informatization of their government systems. However, the level of e-services 
implementation differs across the region. In most CESEE countries, the e-government system 
remains fragmented. Frequently, there are separate systems in place that require the re-entry 
of personal data any time citizens decide to use an e-service instead of providing a single entry 
portal following a once-only principle. In general, the share of individuals in CESEE whose 
digital interaction with government offices takes place only in a passive form (obtaining 
information or downloading forms) is relatively high.
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3  Boosting TFP growth through ICT investment
The key questions in this context are: Can CESEE accelerate economic conver-
gence by focusing on innovation and research, or should their focus remain mostly 
on investment in tangibles, i.e. on closing the infrastructure gap? Is investment in 
new information and communication technologies a way to boost productivity and 
switch to a new, innovation-oriented growth model that would ensure further 
convergence?

Our estimation of the impact of different types of investments on TFP growth 
suggests that an increase of investments in ICT or R&D spending affects TFP 
growth the most. In particular, we look at the returns from “traditional” forms of 
investment (i.e. in infrastructure, machinery etc.) versus “innovative” types of 
investment (i.e. in ICT and R&D), which we consider important drivers of long-
term productivity growth and efficiency improvements. Our analysis6, which 
draws from Gehringer et al. (2014), examines a panel of 14 EU countries7 over the 
period from 1995 to 2014. As opposed to Gehringer et al. (2014), who look at 
sectoral TFP, we run an analysis at the country level. Our results confirm that 
investment in the ICT sector has a more significant impact on TFP growth than 
other types of investment (non-ICT residential and non-ICT nonresidential invest-
ment). The positive role of ICT in productivity growth is in line with the extensive 
economic literature on the topic (i.a. Dahl et al., 2011 (Europe); Oulton, 2002 
(U.K. economy); Oliner and Sichel, 2000 (U.S. economy)).

The estimation results suggest that stepping up investments in the ICT sector 
(worth a one percentage point higher contribution to GDP growth) has about a 
four times higher spillover effect on TFP growth than other kinds of investments 
(see chart 3). Thus, boosting TFP growth via ICT investments is less capital-
demanding than other investments. Although limited data availability does not 
allow us to study CESEE directly, we believe the positive relation between invest-
ment in knowledge-based capital and TPF growth would hold for the countries in 

6	 In our analysis, we use panel data estimation techniques, in particular fixed-effects estimation.
7	 We include Austria, Denmark, Estonia, Finland, France, Germany, Greece, Italy, Latvia, the Netherlands, 

Portugal, Slovenia, Spain and Sweden.

We tried to determine whether the low level of e-government in CESEE is attributable to 
a supply problem (like poor government services) or a demand problem (lack of digital skills in 
the population). From a comparison of Internet banking users across European countries, used 
as a proxy for digital skills, we found that – at least in the Czech Republic and Slovakia – the 
problem seems to be a supply problem as the share of people interacting with public authorities 
by filling in digital forms is very small relative to that of Internet banking users or that of users 
who only gather information or download forms from web pages of public institutions.

We do not think that the underdeveloped status of e-government in most CESEE countries 
is attributable to a lack of programming skills in the region. We see the lag in e-government 
as a problem of lacking transparency in public procurement, good governance and strategy. In 
contrast to Estonia, which is leading the digital change in CESEE, we see a lack of common 
strategy that would lead to the creation of a common platform to enable the secure exchange 
of information between decentralized systems.
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the region as well. We note that, given 
the low capital intensity in CESEE 
compared to the EU-15, traditional 
forms of investment could yield higher 
returns in a less developed region 
(CESEE) than in our analysis of the 
14  EU countries above. On the other 
hand, evidence shows that “growth 
factors other than the traditional ones, 
variables related to the human capital 
and the high technology sector not only 
proved to be significantly related with 
GDP per capita growth, but their 
importance was increasing over time” 
(Grela et al., 2017). Although the spill-
over of investments to TFP might differ 
across CESEE at the moment, it should converge to our findings in the long run.

It is important, however, to notice that the effectiveness of investments in 
intangible assets is likely to be conditional on complementary factors such as 
human capital that assure the high level of return of such investments (e.g. Redding, 
1996). Furthermore, the effectiveness of R&D spending may depend, for instance, 
on the nature of funding (private versus public spending; see e.g. Bengoa-Calvo and 
Pérez, 2011).

4  Prerequisites for R&D spending to be effective

While it is important to focus on investing in intangible assets and not just “brick 
and mortar,” it cannot be taken for granted that higher spending in R&D automat-
ically translates into stronger economic growth. Some prerequisites must be met. 
What is more, these prerequisites seem to be important for various other types of 
investments (including investments in ICT, but also more conventional invest-
ments). In a recent report, Cirera et al. (2017)8 pointed out that, without the nec-
essary complementary factors in place in the economy, R&D spending may not 
reap as strong (monetary) benefits as it may promise. We call the presence of these 
complementary factors “R&D readiness.” As the World Bank (Cirera and Maloney, 
2017) proposes, returns from R&D will likely remain low in the absence of a “cap-
ital market that would ensure firms to buy the necessary accompanying machin-
ery, managers who know how to take new ideas to market, higher-order human 
capital necessary to translate greater spending into good quality innovation, and 
capacity to ensure the investments are located well.”9 Possible barriers, not just to 
knowledge accumulation, but also to the accumulation of physical and human 
capital (credit, market entry/exit barriers, the business and/or regulatory climate 
and the rule of law) are other explicit factors that need to be taken into account 

8	 “Benchmarking innovation or targeting levels of R&D requires taking into account the stock of available comple-
mentary factors. In their absence, more R&D is not necessarily better. Hence, while it is not unusual to find 
unfavourable comparisons of a particular country’s gross domestic expenditure on research and development relative 
to that of frontier countries, and, on that basis, argue that more resources should be directed in that direction, 
this is only the case if the country also has similar levels of accumulated human and physical capital.”

9	 See Cirera and Maloney (2017), p. 54.
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when promoting R&D or relegating 
innovation policy solely to a technology 
ministry. Overall, according to the 
R&D readiness theory, it is essential to 
have complementary factors in place 
before spending on R&D increases, as 
such complementary factors substan-
tially raise R&D effectiveness.

So how is CESEE doing in a cor-
relation of R&D readiness and (public 
and private) R&D spending? We take 
advantage of the World Economic 
Forum’s Global Competitiveness Index 
(GCI) database, which offers a wide 
variety of indicators that could qualify 
as complementary factors over a rela-
tively long period of time (2007–2017) 

and includes all CESEE and EU countries. Values of the different subindices are 
restricted between 0 and 6 points. Having defined complementary factors as 
above, we analyzed the pillars “Institutions,” “Infrastructure,” “Higher education 
and training,” “Financial market development,” “Technological readiness,” “Business 
sophistication” and “Innovation” as well as the “Reliance on professional manage-
ment” subindex from “Labor market efficiency.” We chose a subset of indicators 
that were positively correlated with the R&D-to-GDP ratio and fulfilled the 
requirement of being complementary factors (unlike e.g. “Macroeconomic envi-
ronment”), while they could also be influenced by the government (unlike “Market 
size”). Data range from 2007 to 2016.

Evidence shows that the CESEE region, on average, does not really spend less 
on R&D right now than what is warranted by complementary factors (see chart 
4).10 Hungary and Slovenia actually seem to spend too much on R&D, based on the 
simple model of regressing R&D spending on the average of the GCI subindices, 
while other CESEE countries seem to roughly spend the amount that is justified by 
their R&D readiness. Without the described improvement in complementary 
factors, ambitions to increase R&D spending could be ineffective.

Apart from “Higher education and training,” “Technological readiness” and 
“Infrastructure,” it is hard to pinpoint other areas in these complementary factors 
where improvements occurred in CESEE in the last ten years (see chart 5). “Inno-
vation” (although containing a subindex for R&D spending itself) is particularly 
problematic, as CESEE witnessed a decline, while the average change in Europe 
was positive in this area. At the same time, we see that R&D spending, both public 
and private, as a percentage of GDP went up in almost all CESEE countries (ap art 
from Romania). In addition to innovation, “Business sophistication” and “Reliance 
on professional management” also deteriorated substantially. Also somewhat 

10	 Looking at the various factors separately, the best independent variable explaining the largest share of variance of 
R&D spending as a percentage of GDP in univariate models is “Higher education and training” (with an R-squared 
measure of 0.489), closely followed by “Business sophistication” (0.45). In multivariate regressions on pooled (not 
panel) data, and also in panel regressions, however, a significant amount of serial correlation and multicollinear-
ity in explanatory variables makes it difficult to draw firm conclusions regarding the results.
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underpinning the message of our paper, 
the strongest increase of indicator values 
took place in the area of infrastructure, 
while during the same period, the con-
vergence of income levels to the 
European average slowed down. This 
could also underpin the notion that 
focusing exclusively on tangible invest-
ments might be insufficient for speed-
ing up the convergence of incomes to 
Western European levels.

5  Conclusions

The CESEE countries could accelerate 
economic convergence by going digital 
more aggressively and better utilizing 
digital infrastructures. By running a 
fixed-effects model on a panel of  
14 European countries, we found that 
boosting total factor productivity (TFP) 
growth via information and communi-
cation technology (ICT) investments is less capital-demanding than other invest-
ments. Although the CESEE countries are doing well with regard to digital infra-
structure and connectivity, they have been underperforming notably in providing 
digital public services. Therefore, we see a lot of room for improvement in this 
area, where a lack of a common strategy that would lead to the creation of a com-
mon platform to enable the secure exchange of information between decentralized 
systems still proves to be a stumbling block. The literature also suggests that R&D 
spending can only be effectively utilized if the necessary complementary factors 
(institutional framework, business environment, rule of law, human capital) are in 
place in an economy. We show that the CESEE countries, on average, would first 
need to improve these complementary factors for higher spending on R&D as a 
percentage of GDP to have a more sizeable impact on economic growth. While 
Poland, Romania and Slovakia may appear to stand ready to raise their R&D 
spending above current levels, thus reaping its potential benefits with their cur-
rent setup of complementary factors, this rise would be from a relatively low level 
of R&D spending.
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