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Abstract

The underlying premise of this essay is the hypothesis that quality and signifi-
cance of scientific research in any given society could be used as mirrors reflect-
ing its true prosperity. By comparing the two cases of comparatively prosperous 
scientific management of South Korea and Slovenia, with the example of Serbia, 
illustrating the poor scientific and industrial productivity typically faced by the de-
veloping countries, a few general guidelines for the evolution of a society towards 
higher scientific and social prominence are outlined. It is argued that the most fa-
vourable pattern of growth should be based on the parallel progress in control of 
scientific policies on one side and the excellence of scientific and basic education 
on the other. The “leapfrog” tactics, according to which the less developed coun-
tries should learn from the natural cycle of alternate progressions and regres-
sions that the developed countries experience, is especially highlighted. Applied 
research is demonstrated to be most productive when it is carried out on top of 
already established and prolific infrastructural and industrial bases. Examples are 
given in favour of the fact that the technological design and industrial solutions 
shown as successful in the context of a developed society, often turn out to be 
impractical and inefficient when straightforwardly transformed to less developed 
social settings. As a result, the strategy of adjustment of production capacities 
to local needs is advised to be considered when implementing a new technol-
ogy on different social, political and economic grounds. Finally, it is concluded 
that to provide conditions for effective transfer and implementation of advanced 
know-how and novel technologies, embedment into international science and 
engineering networks is required as much as strong and sustainable local scien-
tific and technological bases. 
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“There is something within me that might 
be illusion as it is often case with young de-
lighted people, but if I would be fortunate to 
achieve some of my ideals, it would be on 
the behalf of the whole of humanity. If those 
hopes would become fulfilled, the most ex-
citing thought would be that it is a deed of a 
Serb.” (Nikola Tesla, Address at the Belgra-
de Train Station, June 1, 1892)

1	 Introduction
Innumerable studies have been con-
ducted in support of the view that 
quality and significance of scientific 
research in any given society could be 
seen as mirrors of its long-term pros-
perity. Scientific excellence looped 
with high levels of industrial produc-
tivity and openness to innovation has 
been considered as grounds for thriv-
ing global economies (Inter Acad-
emy Council 2004). An OECD report 
has concluded that “links to science 
are more important than in the past” 
and called for an inevitable “intensi-
fication of industry–science relation-
ships in the knowledge economy” 
(OECD 2002). Fig. 1 nicely illustrates 
that knowledge- and technology-in-
tensive economies create well paid 
jobs, contribute to the local economy 
with a high-value output, and ensure 
economic competitiveness, which 
shows that knowledge-intensive in-
dustries have grown exponentially in 
the past decade and more rapidly than 
other segments of economic activity. 
A continual rise in the science and 
engineering occupation share of to-
tal civilian employment has thus been 
evident in the US and other developed 
countries of the world (NSB 2004).

On the other hand, we seem to live in 
a world in which inequalities and ill 
distribution of wealth present some 
of the crucial social factors of its in-
stability and non-sustainability. To il-
lustrate this, Fig. 2 demonstrates the 
disparity between rich and poor coun-
tries of the world by the champagne-
glass shaped distribution of the global 
income, showing that the poorest 20 
% of the human population hold less 

than 1 % of the global wealth, where-
as the richest 20 % are associated 
with more than 85 % of the world GDP 
(UNDP 1999, Watkins 2006). The aim 
of this report is to provide a perspec-
tive on some of the essential relation-
ships that could be used in directing 
the planetary growth towards ame-
lioration of the problem of inequality 
and finding the ways to fruitfully in-
corporate the cutting-edge scientific 
practice into less developed regions 
and countries of the world.

The implicit assumption that the fol-
lowing discourse will be based on is 
that science, seen as fundamentally 
underlying the prosperity of a society, 
can be used as the most direct tool in 
levelling the disparity in development 
between wealthy and poor countries 
of the world. Two cases of compara-
tively prosperous management of sci-
ence and technologies (S&T), that is, 
of South Korea and Slovenia, are thus 
presented with the aim of finding the 
principles that would help to outline 
the convenient policies and progres-
sive directions for the developing 
countries, the example of which is in 
this work taken to be Serbia.

Figure 1: Global value added of 
knowledge- and technology-in-
tensive industries for the time pe-
riod of 1995–2007. Source: NSB 
2010.

Science and Engineering Indicators 2010 ��O-15

The United States was followed by the EU with $2.9 trillion. 
World shares in these industries fluctuated for the United 
States and the EU, but by 2007 had settled near their 1995 
levels. Increased production by China and the Asia-9 ex-
panded their value-added output of commercial KI services, 
but at about half a trillion dollars each, their world market 
shares remained just below 5%. Flat output growth in Japan 
caused its market share to decline by more than half, to 8%. 

The same pattern is evident in the individual KI service 
sectors: fluctuations in the U.S. and EU shares, steep de-
clines for Japan’s shares, and modest to rapid growth from 
low bases for China and the Asia-9, leading to modest in-
creases in their world shares.

Relative to these KI trends, high-technology manufactur-
ing shows a much stronger world position for the develop-
ing Asian economies and much steeper decline for Japan. 
The Asia-9 output was about 10% of the value-added world 
total over the 1995–2007 period, while China’s share in-
creased from 3% to 14%. Japan’s share dropped from 27% 
to 11%. The U.S. and EU shares both showed modest up-
ward movement.

The five HT industries are, in decreasing order of the $1.2 
trillion 2007 global value-added total: communications and 
semiconductors ($445 billion), pharmaceuticals ($319 bil-
lion), scientific instruments ($189 billion), aerospace ($153 
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Methods

In this work we provide a few system-
ic guidelines for the design of science 
policies for underdeveloped countries, 
while referring to some of the basic 
criteria for the evaluation of progress 
in all scientific disciplines. The chosen 
parameters for this assessment partly 
belong to the S&T Indicators for Eu-
ropean Research Area (STI-ERA) and 
have been regularly used for this pur-
pose (European Commission 2007; 
Turlea et al. 2010). Serbia is going to 
form the central element in the dis-
course at hand. South Korea and Slo-
venia were chosen to provide a con-
structive contrasting comparison with 
the case of Serbia on the one hand, 
because Eurostat has provided annual 
statistic comparisons with South Ko-
rea, and on the other hand because of 
the increasing social prosperity that 
has been connected to appropriate 
S&T policies. As countries that ena-
bled this path, after eras of economic 
and public safety turmoil, they may 
demonstrate how to substitute the 
downward path of warfare, poverty 
and international isolation with that 
of scientific prominence, economic 

prosperity and worldwide recogni-
tion. What makes Slovenia and Serbia 
comparable is the fact that they once 
shared a common political system 
within the former Yugoslav constitu-
tion. The funding and management in 
their R&D sectors once conformed to 
the same practices, and after the dis-
solution of the former Yugoslavia they 
also inherited the same educational 
traditions.

This paper also presents an analysis 
of various statistical and bibliomet-
ric indicators of progress in research. 
Such analyses have been a widely ac-
cepted tool for assessing the quality 
of the scientific output of countries or 
institutions (Alik 2008, Gupta/Dha-
wan 2009, Csajbók et al. 2007). Sev-
eral such analyses were carried out 
with the aim of assessing the scien-
tific productivity of Serbia and other 
former Yugoslav countries (Jovanović  
et al. 2010, Lewison/Igic 1999, Igić  
2002, Bencetić  Klaić /Klaić  2004, Sam-
bunjak et al. 2008, Lukenda 2006, An-
dreis/Jokić  2008). Details regarding the  
bibliometric analysis method that we 
have used are given in the Appendix. 

Figure 2:  The disparity between rich and poor countries of the world 
demonstrated by the champagne glass shaped world income distri-
bution in percentiles of the population (left), and shares in the world 
wealth held by populations from different regions of the world (right). 
Source: Watkins 2006
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the richest and in the poorest countries is wide 
and getting wider. In 1990 the average Ameri-
can was 38 times richer than the average Tan-
zanian. Today the average American is 61 times 
richer. Purchasing power parity income in low-
income countries as a group is one-thirteenth 
that in high-income countries.

Weighting for population changes the pic-
ture. Because incomes have been growing more 
rapidly in China and (less spectacularly) in 
India than in high-income countries over the 
past two decades, the average gap has been clos-
ing in relative terms. This reverses a trend to-
wards increased global inequality that started 
in the 1820s and continued until 1992.47 Even 
here, though, the idea of convergence has to be 
put in context. High growth in India has been 
one of the most powerful forces for convergence. 
But on 2000–05 growth trends it will still take 
India until 2106 to catch up with high-income 
countries. For other countries and regions con-
vergence prospects are even more limited. Were 
high-income countries to stop growing today 
and Latin America and Sub-Saharan Africa to 
continue on their current growth trajectories, it 
would take Latin America until 2177 and Af-
rica until 2236 to catch up.

Most developing regions are falling behind, 
not catching up with, rich countries. More-
over, convergence is a relative concept. Abso-
lute income inequalities between rich and poor 

countries are increasing even when developing 
countries have higher growth rates—precisely 
because the initial income gaps are so large (fig-
ure 1.15). If average incomes grow by 3% in Sub-
Saharan Africa and in high-income Europe, for 
example, the absolute change will be an extra 
$51 per person in Africa and an extra $854 per 
person in Europe. 

Part of the problem with the debate over 
global inequality is that it misses an impor-
tant point. Income inequality is exceptionally 
high however it is measured and regardless of 
whether it is rising or falling. On the (conser-
vative) assumption that the world’s 500 richest 
people listed by Forbes magazine have an in-
come equivalent to no more than 5% of their 
assets, their income exceeds that of the poorest 
416 million people.48 

The scale of global inequality is best cap-
tured by global income distribution models. 
These models use national household survey 
data to create a unified global income distribu-
tion, placing everybody in the world in a uni-
fied ranking regardless of where they live (box 
1.5). Presented in graphic form, global income 
distribution resembles a champagne glass, with 
a large concentration of income at the top and 
a thin stem at the bottom (figure 1.16).49 The 
gap between top and bottom is very large—far 
greater than that found in even the most un-
equal countries. In Brazil the ratio of the income 
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2	 The case of South Korea
Many developing countries are nowa-
days facing similar challenges as the 
ones faced by South Korea prior to 
setting forth an aim to transform its 
society from the war stricken society 
of the 1950s, to the one marked with 
scientific and technological promi-
nence of today (Oh 2007). South Ko-
reans have demonstrated that with 
appropriate social and scientific poli-
cies, an extraordinarily high rate of 
development could be attained. As 
such, South Korea sets an example for 
numerous countries in the embryonic 
stages of scientific development.

2.1	Investments in R&D 

The South Korean science policy has 
been typified by exceptionally high 
investments in R&D. By investing 3.5 
% of its GDP to research, South Korea 
is a world leader in the governmen-
tal support of R&D (DESTATIS 2009) 
(Fig. 3). Although South Korea was 
considered a poor country in the early 
1960s, it increased the per-capita GDP 
by 7 % by 1990, mostly owing to an 
export-oriented economic strategy 
and investments in innovative indus-
trial production (Rodrik 1995). In the 
early 1990s, connections between 
academia and private industries were 
established, endowing the universi-
ties with a more entrepreneurial role 
and transforming them from primarily 
teaching-oriented to research-orient-
ed centres, which resulted in the rise 
in research productivity (Eom/Lee 
2010).

Patenting of scientific inventions has 
been equally encouraged, and South 
Korea currently ranks first on the list 
of the number of patents per GDP 
worldwide (Mahlich 2007). The 1997 
crisis was blamed on the dependence 
of the South Korean economy on 
only a few key industries, and since 
then the industrial diversification and 
the development of a broad range of 
high-tech projects and activities has 
been incentivized by the government 
(Tearse 2008). Also, in 1967, a special 

governmental agency was created 
with to attract outstanding South Ko-
rean scientists from abroad. Excellent 
job opportunities for college gradu-
ates were provided too, so that nowa-
days more than 80 % of high-school 
graduates decide to enrol in one of the 
colleges (Hyeon 2007). 

2.2	Adverse effects

However, each pattern of growth in 
its wake inevitably produces a set of 
adverse effects, which, on the other 
hand, provide opportunities for fur-
ther research and growth (Uskoković  
2009b). In view of that, a few detri-
mental consequences of the progres-
sive path of the South Korean scien-
tific society should be mentioned as 
well. One of them is the strong pres-
sure for scientists to publish in order 
to maintain and strengthen their fac-
ulty positions. The number of publi-
cations is, thus, frequently regarded 
as more important than their qual-
ity, which spurs scientists to publish 
their works prematurely and in less 
prominent journals, resulting in low 
citation frequency of South Korean 
researchers when normalized to the 
total number of publications in com-
parison with other scientific powers of 
the world. 

Another side effect of the South Ko-
rean S&T policy has been placing too 
much emphasis on applied research 
and too little on the fundamental. In 
fact, only 10 % of all grant applica-
tions in basic sciences are approved 
with the overall spending also at ~10 
% of the total R&D budget. This is in 
spite of the fact that as of 2009, 3.5 
% of the state budget is allocated to 
research, and by 2012 South Korea 
plans on reaching 5 % and becoming 
the world’s leading country in terms 
of the amount funding normalized 
to GDP (Tong-Hyung 2009). Further-
more, with the government share in 
research investments of 25 %, the por-
tion of basic science projects funded 
from the budget is only 2.5 % of the 
total. Communication between de-
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partments within any given research 
institution is said to be low, and they 
mostly function in isolation from each 
other, which presents an obstacle for 
multidisciplinary research. Compe-
tition for funds has, just as in many 
other academic institutions in the de-
veloped world, left scientists without 

a broad technical and administrative 
support (Oh 2007). Promotion and 
compensation mechanisms at South 
Korean universities are still largely 
based on the number of years spent 
in service, although some institutions 
have adopted salary schemes based 
on the number of published papers 

Figure 3: Total R&D investments for different countries expressed in 
GDP percentages. Sources are given in Table 4.
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and their impact on the national econ-
omy (Nature Materials 2007a). Finally, 
only 10 % of the South Korean faculty 
members and less than 15 % of all 
the researchers are women (Fig. 11), 
which indicates that the intellectual 
potential of the country has not been 
exerted to its full capacity. The results 
of a SWOT analysis of the South Ko-
rean R&D sector are presented in Ta-
ble 1.

3	 The case of Slovenia
Slovenia is regarded as a country with 
one of the most impressive combina-
tions of GDP, life standard, economic 
prosperity and scientific productivity 
among the members of the EU that 
joined the latter in 2004. Its current 
growth rate with respect to techno-
logical performance is above the EU 
average, and it is the only accession 

country that spent more than 1.5 % 
of its GDP on research and develop-
ment in early 2000s, and the only one 
that produced more than 415 publica-
tions per million inhabitants (Nature 
Materials 2004). Despite the fact that 
shrinkage of the local market that fol-
lowed the collapse of the Yugoslav 
constitution forced many industries 
to undergo restructuring, downsizing 
or even bankruptcy, with proper revi-
talization incentives from the govern-
ment level and an openness of aca-
demic research to cooperation with 
industry, an ascending trend in S&T 
performance has been made possible.

3.1	  Strategies of growth

Promotion of academic research part-
nerships with various national and 
international industries has been seen 
in Slovenia as the most important in-
centive for scientific productivity and 

Table 1: SWOT analysis of the South Korean R&D sector. 

Strengths Weaknesses Opportunities Threats

One of the highest 
rates of state invest-
ments in science 
and engineering in 
the world

Lack of openness 
to integrate foreign 
researchers in lo-
cal academia and 
industry

Pushing the in-
dustry-academia 
partnerships, which 
are already one the 
leading in the world, 
to a new level

Too little of empha-
sis placed on fun-
damental research 
versus the applied 
one

Excellent level of 
industry-academia 
partnership

Low level of inter-
departmental com-
munication and 
interdisciplinary 
collaborations

Benefiting from 
promotion of cross-
disciplinary research

A period of stagna-
tion may follow 
the actual period of 
intensive growth, as 
they have alternated 
in the past

Well-developed in-
dustry-based re-
search with a large 
share of the global 
market

Low technical and 
administrative sup-
port

Bringing in foreign 
talented students 
and postdocs and 
integrating them in 
the Korean science 
system

“Publish or per-
ish” pressure may 
lead to publication 
quantity being given 
greater importance 
over their quality

Being one of the 
most techno-
logically advanced 
countries, a leader 
in electronic com-
munications

Low percentage of 
female scientists

Introducing a salary 
scheme based not 
only on the number 
of published papers, 
but on their impact 
on the national 
economy too

Uncompetitive 
promotion and 
compensation 
mechanisms may 
lower scientific pro-
ductivity

High levels of inter-
national research 
cooperation activity, 
including both aca-
demic and private 
scientific centers

Low citation fre-
quency of publica-
tions originating in 
Korean scientific 
institutions

Introducing innova-
tive programs to 
attract students to 
science careers, 
such as Brain Korea 
21

Weak technical and 
administrative sup-
port may hinder the 
research efficiency
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technological success (Kornhauser 
2000). For example, a single depart-
ment within Jožef Stefan Institute, De-
partment of Advanced Materials, with 
less than 20 employees, has main-
tained a persistent cooperation with 
a dozen of national and international 
industries in the past decade.

Among business corporations, smart 
innovation policies resulted in the 
public company, Gorenje, becom-
ing one of the eight largest European 
manufacturers of white goods with a 
4% share of the European market in 
2006. In 2004, as part of the efforts 
to extend its links to R&D domain, it 
contributed as one of the industrial 
cofounders of the Jožef Stefan Inter-
national Postgraduate School.

As early as 1985, Slovenia launched 
the 2000 Young Researchers pro-
gramme with the aim to promote 
graduate studies in science and en-

gineering and form a strong research 
basis that would satisfy both academ-
ic and industrial needs. To improve 
the ratio of industrial versus academic 
doctoral degrees (only 20 % in 1995), 
in 1995 the Ministry of S&T decided 
to subsidize the salaries for the first 
three years of newly employed scien-
tists with master and doctoral degrees 
in industrial research departments.

Other legislative incentives were 
brought forth with the purpose of sup-
porting business enterprises in tech-
nological development and strength-
ening their R&D potentials. Knowing 
that public knowledge institutions are 
usually not the main source of inno-
vation, the Centres of Excellence were 
established at the major academic re-
search institutions with the aim to in-
tegrate basic research with the stages 
of prototyping, testing and production 
in selected cooperating companies. 

Table 2: SWOT analysis of the Slovenian RTDI system.

Strengths Weaknesses Opportunities Threats

Well-developed and 
financially stable 
educational system

Low mobility from 
academic to indus-
trial research sector

Increased public 
and private invest-
ments in RTDI

Failing to increase 
public and private 
investments in RTDI

Large interest in 
higher education 
studies

Low citation index 
and patenting per-
formance

Raising research 
excellence through 
competition and 
strengthening of 
academic-business 
links

In the implementa-
tion of S&T policies, 
individual interests 
could prevail over 
national ones

EU average in the 
number of research-
ers per capita, and 
no significant “brain 
drain”

Scientific excel-
lence limited to 
few disciplines and 
mono-disciplinary 
approaches

Enhanced inter-
nationalization of 
higher education, 
science, technology 
and innovation

Initiating “brain 
drain” by an open-
ness to the interna-
tional community

Well-developed 
research and com-
munication infra-
structure

Low level of re-
search and innova-
tion management 
skills

Fiscal policy mea-
sures

Failing to establish 
a policy making 
process that would 
flexibly follow the 
research innovations

High levels of in-
novational capacity 
in some industrial 
sectors, e.g. tele-
communications, 
electronics, phar-
maceuticals

Underdeveloped ven-
ture capital market 
and low market 
share of high-tech 
products

Establishment 
of intermediary 
knowledge-transfer 
institutions and net-
working (e.g. tech-
nology platforms)

Employees inflexible 
to the trans-disci-
plinary demands of 
globalization

Well-developed in-
ternational scientific 
relationships

Insufficient funding 
of industrial R&D

Increased concen-
tration of public 
funds in priority 
S&T areas

Prioritization of large 
integrated projects  
within Framework  
Programs
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3.2	Pitfalls

However, despite the traditionally de-
veloped international and regional sci-
entific cooperation and relationships, 
Slovenia comprises a comparatively 
small gross scientific network. Even 
though, as of 2008, it was involved in 
850 bilateral scientific projects with 
countries from all continents of the 
world with the exception of Australia, 
the small number of Slovenian project 
coordinators is often quoted as a sign 
of incapacity to support the develop-
ment of this solid networked basis for 
cooperation.

The questions on future prospects of 
the impressive economic growth of 
Slovenia – so far still provided more 
by large infrastructural investments, 
and less by the targeted development 
of “knowledge-based” products – are 
also often posed in view of more open 
scientific, social and immigration poli-
cies adopted by the majority of other 
EU countries.

Small market size naturally limits the 
efficiency of translation of research 
findings into the commercial domain. 
As much as the small size of Slove-
nian R&D sector could lead to smooth 
collaboration among scientists and 
engineers, its detrimental potentials 
may become obvious in the evalu-
ation of research proposals, during 
which grant approvals could become 
based on social and scientific promi-
nence rather than on true scientific 
excellence. It is only during the past 
three years that the practice of an in-
ternational review of scientific pro-
ject proposals has been noticed. By 
promoting conditions for an unbi-
ased competition for research funds, 
a more efficient expenditure of public 
funds could be expected. The results 
of a SWOT analysis of the Slovenian 
Research, Technological Develop-
ment and Innovation (RTDI) system 
(Komac 2005), are presented in Table 
2. 

4	 The case of Serbia
In comparison with the example of 
South Korea, a country that has raised 
its economic and scientific perfor-
mance and prestige in the past few 
decades, Serbia illustrates a country 
that lived through the opposite path 
(Benson 2004).

Neutral with respect to the Cold War, 
Yugoslavia was considered one of the 
freest countries of the world, acting 
as an excellent bridge for scientific 
communication between the East and 
the West prior to the fall of the Iron 
Curtain. For example, in the period 
between 1969 and 1989, Yugosla-
via was the permanent host country 
of the World Conference on Sinter-
ing (Kuczynski et al. 1987, Palmour 
et al. 1990). As a founder of the larg-
est union of third-world countries, it 
also provided possibilities for their 
successful integration into hopes and 
promises of the developed world.

Breaking away from the Stalinist cen-
tral planning system immediately 
after the end of World War II, Yugo-
slavs designed a more humane sys-
tem which provided conditions for an 
open participation of the workers in 
conducting the management of their 
companies (Estrin 1993; Lynn et al. 
2002), and the UN Economic Com-
mission found in the early 1960s that 
Yugoslavia had the highest rate of ex-
pansion in Europe (Schultze 1962). 
The first large-scale foreign invest-
ments in Eastern European countries 
were found in Yugoslavia: Murata/EI 
Niš, Philips/EI Niš, and Sandvik/Prvi 
Partizan were some of the research-
intensive industrial partnerships.

However, the breakup that began in 
1991, slumped the Serbian life stand-
ard. In less than a few years, Serbia 
shifted from a relatively prosperous 
path to a scenario facing international 
sanctions and isolation, the relocation 
of resources to fund the war, and 1027 
an overall hyperinflation impact rate 
between 1990–1994.
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4.1	The education system 

One of the positive aspects of the Ser-
bian science, preserved even during 
the harshest times, has been the rig-
orous and comprehensive education 
system. However, an overly ample 
education takes its toll as well. For 
example, the annual transience rate 
at the Faculty of Physical Chemistry, 
one of the most prestigious colleges 
at Belgrade University, has been as 
low as 10 %, whereas the average du-
ration of studies is at 8 years almost 
twice longer than the anticipated 4.5 
years.

The perception that science careers 
are reserved only for superbly talent-
ed ones is thus widely present in the 
society, which detracts many young 
scholars from careers in research 
and science colleges in general. Con-
sequently, with ~10,000 researchers 
(0.13 % of the overall population), Ser-
bia has ~10 times lesser population 
of researchers per capita compared 
to the EU average (Yucht 2005), and 
is rated low on the scales of scien-
tific talent and creativity indices. The 
educational system is also blamed for 
its lack of flexibility, as most colleges 
pursue only general study programs, 
without offering options to begin with 
professional specialization at an ear-
ly undergraduate stage. In Slovenia, 
in contrast, all science students are 
obliged to spend at least six months 
at one of the external research institu-
tions prior to graduation.

The recent adoption of the study 
management in accordance with the 
Bologna declaration is expected to 
increase flexibility and diversity of 
the teaching system. However, de-
spite having been enacted in 2003, 
the Bologna declaration targets the 
transience rate of 80 %, and yet at the 
University of Belgrade as a whole, it is 
currently as low as 16 %. In general, 
only 25 % of high-school graduates 
enrol in one of the colleges in Serbia, 
whereby 70 % of the admitted subse-
quently drop out.

4.2	Missing links

Another major demerit of the college 
education is that it occurs in isolation 
from the S&T needs of the society. Pre-
vious studies have shown that efforts 
from the higher education sector need 
to be explicitly linked to the rate of in-
novations and fields of expertise on 
which this innovation depends in or-
der to positively influence the growth 
in labour productivity (Aghion/Howitt 
1998). Still, many people oppose an 
education system that would be less 
comprehensive and more optimized 
for the demands of the society, refer-
ring to certain fields, such as informa-
tion technologies (IT), in which a drop 
in the quality of knowledge that stu-
dents gained was observed following a 
high demand for IT engineers.

The lack of coordination between the 
study programmes and the actual la-
bour market as a result leaves 95 % 
of fresh graduates unable to find a job 
without an additional training. Fur-
thermore, there is a consequent dis-
parity between close to a million of 
unemployed adults and about 50,000 
permanently open positions due to the 
lack of appropriate qualifications and 
skills (Šekeljić  2007). 

Instead of engaging students in pro-
jects of real-life importance for their 
social environment, their professional 
training typically deals with compre-
hensive theoretical calculations and 
laboratory exercises which are rarely 
tied to outcomes of an immediate 
R&D significance. Freshly graduated 
students thus have little awareness 
of how their knowledge could be im-
plemented in the “real world”, and the 
most talented graduates decide to pur-
sue their subsequent studies abroad. 
90 % of the graduates of the Faculty 
of Electrical Engineering in Belgrade 
from 1992 to 2000 thus continued their 
careers abroad, whereas the general 
trend estimated among natural sci-
ence students at Belgrade University is 
slightly less drastic: 33 % find positions 
in foreign countries after the gradua-
tion.
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4.3	Brain drain – brain gain

The number of Serbian emigrants in 
the world is estimated to be more than 
3.5 million, which is a number that is 
equal to 50 % of the current popula-
tion of Serbia (MDRS 2010, SORS 
2010). A large portion of these emi-
grants are highly educated individuals 
that left the country during the harsh 
economic era of the past two decades 
(UNDESAPD 2005). In comparison, 
the majority of Slovenian doctoral sci-
entists leave only for short-term post-
doctoral stays in foreign laboratories. 
The positive side of the “brain drain”, 
however, is that it could provide a cru-
cial impulse in the networking of local 
R&D infrastructure with international 
institutions and associations. As such, 
it has a potential to be renamed into 
“brain gain” under certain conditions.

In 2010, the Serbian Ministry of Sci-
ence has begun the process of col-
lecting information about Serbian sci-
entists based in foreign labs with the 
aim to promote their collaboration 
with the domestic R&D sectors. Ac-
cording to the report given by the Ser-
bian Ministry of S&T, an international 
refereeing system will be established 
using the capacity of the Serbian sci-
ence community in exile and possi-
bilities will be opened up for Serbian 
researchers living abroad to be part of 
national projects (MSTDRS 2009).

Fostering a more official recognition 
and integration of small foreign-based 
islands of experts into science policy 
making through common research 
projects, transfers of technologies or 
expert consultations is thought to be 
an excellent step forward. The con-
temporary electronic communication 
systems can significantly facilitate the 
process of seeking partnerships as 
the society strives to unfold the posi-
tive potentials of the “brain drain”. 
The results of a SWOT analysis of the 
Serbian R&D sector are presented in 
Table 3.

4.4	Breaking walls

The Yugoslav Materials Research So-
ciety has through its annually held 
YUCOMAT conferences proven that 
the intellectual Diaspora can attract 
renowned scientists from abroad and 
provide a local forum for exchange 
of ideas and formation of collabora-
tive networks (Uskoković  D. 2007). 
Such meetings have also provided an 
excellent opportunity to initiate col-
laborations with scientists from the 
neighbouring states, many of which 
belonged to the former Yugoslav con-
stitution.

Somewhat similar to Serbia, South 
Korea has struggled with a tenuous 
past in relations with its neighbours. 
In its case, it has been shown that sci-
entific connections established by uni-
versities and industries, owing to the 
traditionally more open-minded and 
cosmopolitan nature of intellectuals, 
could present the first steps in break-
ing the walls of mistrust held in place 
in people’s minds by remembering 
the historic events (Park/Leydesdorff 
2010).

Unlike the relations between North 
and South Korea, which have excep-
tionally slowly improved and are still 
filled with tensions (Cumings 1998), 
Serbia revitalized its economic and 
political relations with all the former 
Yugoslav republics, now independent 
states, promptly after the 1990s war-
time period. The number of coopera-
tion projects between the successor 
states of the former Yugoslavia has 
been increasing ever since (Jovanović  
et al. 2010). With 100 such collabora-
tions in 2007, Serbia has doubled their 
number compared to the pre-civil War 
state of affairs (55 in 1990 and 50 in 
1991). However, with 1.75:1 as the cal-
culated ratio of the dominance factors 
between Slovenia/Croatia and Serbia, 
as of 2007, Slovenia and Croatia tend 
to be the dominant partners in these 
cooperative projects (Jovanović  et al. 
2010).
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Table 3: SWOT analysis of the Serbian R&D sector.

Strengths Weaknesses Opportunities Threats

Broad research ex-
perience

Lacking well struc-
tured strategy and 
vision of scientific 
development

Using worldwide con-
nections provided by 
Diaspora to form inter-
national collaborations

Failing to increase the 
already low public and 
private investments in 
R&D sector

Long tradition of 
high-quality basic 
education

Insufficient mod-
ernization of the 
research equip-
ment within scien-
tific centers

Taking full advantage of 
modern communication 
networks and infrastruc-
ture

Monopolization of 
private sector and the 
threat that short-term 
individual interests 
may prevail over the 
long-term national 
ones

Comparatively high 
number of publica-
tions in journals with 
high reputation

Investments in 
research from the 
budget stagnating 
despite the 6-fold 
increase in GDP 
in the same time 
period

Formation of collabora-
tive multi-disciplinary 
networks around centers 
of excellence

Initiating even more 
of the “brain drain” by 
the increased open-
ness to the interna-
tional community

High research ef-
ficiency reflected in 
comparatively low 
cost per publication

Discrepancy in re-
search excellence 
between academic 
and industrial sec-
tors

Appropriate fiscal 
policy measures that 
would promote partner-
ships with companies, 
academic spin-off and 
startup projects

Failing to define a 
clear vision of scientif-
ic progress and enable 
sustained funding for 
R&D sector

High rate of econom-
ic recovery, resulting 
in more than 6-fold 
increase in GDP in 
the 2000-2008 period

Low interest in 
higher education 
studies and signifi-
cant level of “brain 
drain”

Broad demand for 
marketable research 
products, such as in bio-
technology, agriculture, 
medicine, energy sectors 
and ecology

Fragmentation of re-
search due to lack of 
collaboration interests 
and/or communica-
tion skills

Respected and well 
established scientific 
Diaspora

Weak academic-
business links and 
underdeveloped 
venture capital 
market

Provision of outsourcing 
services

Possibility that a rise 
in political national-
ism may destabilize 
the trend of economic 
recovery

Well balanced 
gender population 
among researchers

Low levels of inno-
vational capacity 
in most industrial 
sectors and a lack 
of impetus for their 
investing in re-
search

Creation of the National 
Innovation System with 
looped Governance, 
Human resources, 
Science base, Business 
R&D and innovation, 
and Economic and mar-
ket development

Failure to focus on a 
few national priorities 
that would bring ma-
jor economic benefits

Joint work be-
tween the Ministry 
of Education and 
Ministry of S&T 
Development on 
optimizing R&D 
system

Little developed 
mechanisms to 
attract and support 
talented young 
researchers as 
well as promote 
social affirmation 
of scientists and 
innovators

Possibility of success-
ful participation in the 
Lisbon agenda and 
alignment with EU re-
search priorities

Continued superficial 
evaluation of scientific 
performance at the 
academic level

Links with institu-
tions leading FP7 
projects with par-
ticipating Serbian 
scientists

Low critical mass 
of researchers 
within scien-
tific centers (only 
4 institutions with 
more than 100 
researchers)

Approved project of 
development of centers 
of excellence, academic 
research centers and IT 
infrastructure

Continued social mar-
ginalization of promi-
nent scientists inter-
nationally established 
in their fields
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4.5	Increasing output

Although without any official nano-
technology initiative, around 700 
research papers arising from Ser-
bian scientific centres and relating to 
the field of nanoscience have been 
published in the 1996-2009 period 
(Ševkušić /Uskoković  2009). These pa-
pers were cited 5.1 times on average 
and their Hirsch index is equal to 26. 
They contribute to 5-6 % of the scien-
tific works published and originating 
from Serbian scientific institutions, 
which is comparable with many de-
veloped countries of the world.

There is also an increasing trend in 
the annual output of such publica-
tions. Hence, from 1998 to 2002, 
around 20 nano-prefixed papers af-
filiated with Serbian institutions were 
published annually, after which an ex-
ponential growth took over, resulting 
in 65 papers in 2005 and 154 in 2007 
(Ševkušić /Uskoković  2009). Materials 
Science Forum, the series that pub-
lished the highest quality works pre-
sented at the YUCOMAT conferences 
from 1996 to 2006, is by far leading in 
the number of the papers published: 
13 % of them. This signifies a major 
role that an international meeting 
such as YUCOMAT may play in pro-
moting dissemination of locally con-
ducted research in compliance with 
the highest quality standards.

4.6	Missing infrastructure

Only a spinning windmill can mill the 
wheat, and any grains thrown into a 
still mill are predestined to go rotten. 
The same happens to human knowl-
edge in the deficiency of an intellectu-
al infrastructure within the society. In 
a country like Serbia, the major prob-
lem behind the scientific inefficiency 
in both research and application do-
mains is associated with an inability 
of scientific research to find a fertile 
ground at the local level.

That Serbia is far from being a knowl-
edge-based economy is supported by 
the fact that the professionally crea-

tive part of the overall population (2.6 
%) accounted for creating only 1.1 % 
of the country’s GDP in 2005 (Kom-
nenić /Mikić  2008). This explains why 
the current R&D investments relative 
to GDP are at 0.5 % extremely low 
in comparison with other European 
countries and with the range of 2–3.5 
% existing in the developed countries 
on average (cf. Fig. 3 on page 37 & Ta-
ble 4, column 4).

As high-quality research stands at 
the basis of competitive and innova-
tive industrial sectors, the vice versa 
argument applies too, that is, low in-
vestments in research can be used to 
explain the undersized and interna-
tionally uncompetitive economy. The 
recent program of S&T development 
in Serbia designed by the Ministry of 
S&T has thus concluded that

“Serbian science, despite improvements in 
the past few years, is still on an unsustaina-
ble path; investing in S&T is, for Serbia, the 
only way to create a sustainable economy 
and society” (MSTDRS 2009).

As shown in Fig. 3, the results from 
2007 suggest that Serbia is still at the 
very bottom in terms of R&D invest-
ments with respect to GDP.

Fig. 4 shows that although govern-
ment expenditures on S&T have been 
increasing in the past decade in abso-
lute numbers (Fig. 4a), they have been 
stagnating in terms of their relative 
amount with respect to the GDP (Fig. 
4b). In terms of absolute funding, in 
2008 the best subsidised research field 
in Serbia was chemistry with €7.5 mil-
lion, which is a minor amount in com-
parison with the average US National 
Institutes of Health monetary grant 
size of $400,000, and the total budget 
of the NIH that stands close to $30 bil-
lion (Giles/Wadman 2006).

4.7	Underdeveloped academia-
industry links

Low investments have naturally cor-
responded to negligible levels of sci-
entific productivity on average. Ac-
cording to our bibliometric analysis, 
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Table 4: Scientific and technological R&D parameters for different Euro-
pean counties, European Union, US, China, Japan and South Korea as of 
2007
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in a five-year period, 2000–2004, only 
25 % of scientists funded by the Minis-
try of Science had at least one article 
published in one of the ISI Journals. 
Furthermore, the average research 
costs per article were at €33,000 by an 
order of magnitude lower in compari-
son with the averages for the second-
wave members of the EU.

Although Figs. 5–6 demonstrate that 
scientific output stands in direct pro-
portion with the amount of invest-
ments, it is uncertain whether simple 
increases in investments in science 
without a well-coordinated action of 
other governmental, fiscal and indus-
trial sectors, and the long-term pros-
pect of the local economy, present an 
optimal solution. A classical analysis 
of national systems of technical in-
novation has shown that factors in-
volved in shaping an effective innova-
tive performance include high-quality 
education and training on one side, 
and stable and facilitative economic 
and trade policies on the other (Nel-
son 1993).

Therefore, any progressive social pol-
icies would need to place more em-
phasis on the significance of science 
in Serbia, since scientific productiv-
ity presents a strong indicator of the 

Figure 4: Government expendi-
tures on S&T in Serbia in the pe-
riod of 2001–2008 (a), and budg-
etary R&D expenditures in terms 
of percent of GDP for the same 
period (b). 
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Figure 5: Number of ISI publications per million residents as a function 
of research funds from the budget in EUR per capita for most European 
countries, including China and the US. 
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overall social welfare. An awareness 
that parallel investments in basic re-
search and in the improvements of 
the existing infrastructure and tech-
nological bases of the society are 
needed has been spurred and along 
with the projected growth in the fund-
ing of research, €400 million are said 

to have been allocated for investment 
in several key infrastructural projects 
for S&T in Serbia, through a joint loan 
with the European Investment Bank, 
World Bank and other international 
financial institutions and donations 
(MSTDRS 2009).

Figure 7: Proportions of R&D funding that come from governments, busi-
ness and enterprise sectors, higher education sectors, private non-profit 
sectors and abroad for different European countries, including the US, 
China, Japan and South Korea.  
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Figure 6: Number of ISI publications per million residents as a function 
of research funds in EUR per capita for most European countries, includ- 
ing China and the US.
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Diversification of R&D funding sourc-
es could thus be used as an indicator 
of how balanced scientific policies are 
in terms of the implementation ca-
pacity of discoveries and innovations 
produced at either academic or indus-
trial levels, and one such comparison 
of funding sources is displayed in Fig. 
7. The average funding for research 
coming from the business and en-
trepreneurial sectors equals ~ 70 % 
worldwide; in view of that, 60 % of 
funding for research related to the 
university sources in Serbia could be 
used as an indicator of underdevel-
oped academia-industry links.

4.8	Trends of recovery

An encouraging feature of the Serbian 
economy has been its exceptional re-
covery following the economic break-
down that followed the collapse of 
Yugoslavia and the times of the so-
cialist regime that pushed the country 
into a decade permeated with wars 
and international isolation. This is il-
lustrated in Fig. 8, which shows from 
1994 on an almost continual rise in 
the country’s GDP, with the excep-
tion of the 1998–2000 period, when 
the NATO bombing campaign and the 
Kosovo war left devastating traces 
on the local economy, and 2009 due 
to the effects of the global economic 
crisis.

The funds dedicated to research from 
public sources have thus been in in-
crease during the past decade. Hence, 
the absolute amount of investments 
added up to €18.1 per capita in 2007 
(cf. Table 4), €7.5 per capita in 2004, 
and only €1.5 per capita in 2000, 
which accounts for a 12-fold increase 
in the 2000–2007 period . However, 
as already mentioned, the relative 
amount of investment in science with 
respect to the GDP has not improved 
in the past decade. The current plan 
outlined by the Serbian Ministry of Sci-
ence is therefore to establish annual 
increases in R&D expenditures from 
the state budget over the next five 
years, as shown in Fig. 9, and reach 
the goal of 1 % of GDP by 2014. This 
plan seems particularly positive with 

Figure 8: GDP per capita for the 
Republic of Serbia without UN-
MIK/Kosovo in the 1990–2010 
period. Sources: IMF 2008, World 
Bank 2010, Aleksić 2001, UNECE 
2000. 
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Figure 9: The projected growth of 
governmental R&D expenditures 
on S&T in the 2009–2014 period. 
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Figure 10: Number of scientific 
publications affiliated with do-
mestic institutions for Serbia (-Δ-) 
and a few countries in the region, 
including Slovenia (-o-), Croatia 
(-□-), and Bulgaria (-◊-).
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regard to the opposite trend that some 
of the former Yugoslav states are un-
dergoing; for example, investments in 
R&D from the budget in Montenegro 
have been in constant decline: 0.83 % 
in 2001, 0.30 % in 2004 and 0.13 % in 
2006 (Vukć ević  2009).

4.9	Other indicators

Also, as could be seen from Fig. 10, 
the number of papers published and 
originating in Serbian institutions has 
doubled in the period of 2004–2008, 
which is a significantly higher rate of 
growth compared to most countries in 
the region. Also, the overall costs per 
publication are lower than the Euro-
pean average. In the research group 
led by one of the authors, 48 ISI pub-
lications were produced in the period 
between 2005 and 2009, during which 
the funding was equal to €1 million, 
resulting in costs of €21,000 per publi-
cation, which is significantly less than 
the European Union average of ap-
proximately €74,000 per publication. 
The latter value was averaged for 
funding from the state budgets only; 
averaged for the total funds this cost 
would be equal to about €600,000 per 
publication, as can be seen from Table 
4, column 13. In fact, if costs per pub-
lication could be used as a measure 

of research efficiency, as of 2008, with 
the average costs per publication of 
€39,000, Serbia surpasses both Croa-
tia (€121,000) and Slovenia (€178,000) 
in this respect (MSTDRS 2009).

With more than 40 % of female re-
searchers, Serbia also represents a 
well balanced research population in 
terms of gender, and finds itself much 
ahead of the European Union average 
(~30 %), as shown in Fig. 11.

Finally, despite the significant brain 
drain, which certainly diminishes the 
quality of local research excellence, 
the age pyramid of the scientific com-
munity in Serbia does not show a sig-
nificant lack of young researchers and 
is comparable to most other European 
states, as can be seen from Fig. 12. 

5	 Systemic set of strategies 
for the progress of devel-
oping countries

In order to reach the levels of devel-
opment that typify rich countries, the 
developing countries should ideally 
use the “leapfrog” tactics (Barro/Sala-
i-Martin 1997, Bernard/Jones 1996b, 
Bernard/Jones 1996a). There are 
many factors that lead to the leaders’ 
“stumbling” along the road of their 

Figure 11: Gender structure among research population for different Eu-
ropean countries, including Japan and South Korea.  
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progress, enabling their followers to 
catch-up, including rigid dependence 
on old-fashioned technologies (La-
zonick 1994), declining social welfare, 
political turmoil, ecological reckless-
ness and other mistakes that threaten 
their sustainability, typically result-
ing in a cycle of periods of ascension, 
growth plateau and fall (Olson 1984).

Accordingly, the developing countries 
are instigated to keep their eyes on 
the natural cycle of alternate progres-
sions and regressions that the devel-
oped countries experience, and dis-
cern the reasons behind these soars 
and slumps. As in accordance with the 
classical Schumpeter’s theory of crea-
tive destruction (Schumpeter 1962), 
it is the unending need to embrace 

new innovations and discard obsolete 
methods that hinders the progress of 
the leaders and gives a chance to the 
followers to reach the same level of 
development (Aghion/Howitt 1992). 
Studies have shown that more than 
50 % of long-term economic growth 
is connected with timely introduced 
technological innovations (Goldsmith 
1970). Development and adoption of 
new technologies is thus crucial in 
sustaining the international competi-
tiveness and economic growth (Kim/
Dahlman 1992).

5.1	Catching-up the developed 
countries

Mistakes and opportunities

Thereupon, instead of going through 
the same mistakes that the developed 
countries have committed, the devel-
oping countries would be able to cir-
cumvent them by implementing the 
right solutions even before immanent 
problems occur in the their own sys-
tems or by thinking ahead and com-
ing up with original innovations that 
would boost the local economies and 
increase the international competi-
tiveness. It has been shown that dur-

Figure 12: Age structure of the research population in different European 
countries (top) and in Serbia (bottom). 
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ing the past three decades, a number 
of late industrializing countries have 
sufficiently increased their levels of in-
novative productivity to compete with 
the former leaders in innovation, with 
South Korea, Taiwan, Ireland, Israel 
and Singapore being some of the ex-
amples (Furman/Hayes 2004).

Leapfrogging strategies

One such opportunity for developing 
countries to leapfrog a problematic 
development and thereby catch up 
with the developed states, are the eco-
logical flaws committed by the devel-
oped societies (Grubb 1990, Raufer/Li 
2009). Thus, instead of repeating the 
same instances of ecological reck-
lessness that have occurred in the de-
veloped world (UNEP 2005), the less 
developed countries could apply the 
policies for their prevention before 
the ecological problems become evi-
dent in reality (Biello 2007). In the past 
decade, an awareness of the challeng-
es to balance a continued economic 
growth while satisfying the require-
ments of sustainability has been in-
creased in the developing world. he 
retardation of the progress that this 
challenge will inevitably bring along, 
is seen as a great opportunity for the 
countries in developing stages to 
draw alongside the developed ones 
(Blinc et al. 2006).

Riding waves

It has already been suggested that 
as technological and scientific devel-
opment follows a similar sinusoidal 
path driven by the stages of concep-
tion, expectation, hype, saturation, 
over-hype and backlash, the ability to 
predict rises and surges of interests in 
given ideas or technologies is crucial 
in learning how to smoothly ride on 
these waves (Pearton 2007).

South Korea experienced alternate 
waves of soars and slumps in terms of 
R&D after gaining independence, and 
one such negative period of growth 
in manufacturing between 1960 and 
1987 was ascribed not only to a lack 

of investment in R&D, but also to in-
creasing reliance upon imitation, cap-
ital deepening, and scale economies 
to increase output (Park/Kwon 1995).

The “leapfrog” tactics in general pre-
sents a convenient mechanism for 
the gradual bridging of large gaps in 
prosperity that exist between the de-
veloped and the underdeveloped so-
cieties. In addition, this gap is con-
sidered as one of the brakes of an 
efficient and prosperous globalization 
in terms of preventing the possibilities 
for a convenient transfer of advanced 
know-how and new technologies (Ol-
son 1996). Implementing policies for 
its remission may thus turn out to be 
crucial for sustainability of the entire 
humanity.

Detrimental aspects

To satisfy the ideals of leapfrogging, 
a clear view of disadvantageous as-
pects of a scientific policy of growth 
has to be formed in parallel with the 
prosperous ones. A few of such detri-
mental aspects were selected for both 
the South Korean and the Slovenian 
case. For example, although South 
Korea indeed invests a relatively high 
percentage of its GDP to R&D, these 
high investments have required a suf-
ficiently propitious basis (including 
up-to-date equipment, productive in-
dustrial sectors and a thriving econo-
my) in which they would find a fertile 
ground to be able to induce truly pro-
ductive research.

Another drawback of the rapid stream-
ing to achieve extraordinary scientific 
productivity and secure one’s place in 
the field in the South Korean model 
has been the tendency to publish pre-
maturely and in journals with less 
intensive peer-review process and 
lower prestige. Yet, a study has shown 
that authors whose records weighed 
quality over quantity tended to be as-
sociated with more prestigious insti-
tutions (Haslam/Laham 2010).

On the other hand, science develops 
incrementally and a timely feedback 



52		   STI Studies 2010: 33-62

from the scientific society is an impor-
tant drive for a successful research. It 
is, therefore, essential to find the right 
time to publish, and thus avoid both 
premature announcements of one’s 
accomplishments and retardation of 
the progress of the field by their pro-
longed concealment. To succeed in 
that, softening up the attitude that 
fosters competitiveness between indi-
vidual research groups and selflessly 
seeing scientific achievements as 
products of the scientific society and 
mankind as a whole may be required 
(Laband 1985).

Intellectual freedom

Yet another one of the mentioned 
drawbacks for the South Korean case 
was the tendency to neglect funda-
mental research on the account of the 
applied one. Many modern profes-
sional settings, including those that 
have traditionally fostered uptight and 
disciplined creative approaches, such 
as industries, are nowadays chang-
ing towards balancing the emphasis 
on sheer productivity with cultivating 
more intellectual freedom. Genen-
tech, the company celebrated for its 
pursuance of innovation and seven 
times selected as the “top employer 
in the biopharmaceutical industry” by 
Science magazine, most recently in 
2009, has adopted the merits of curi-
osity-driven research (Bonetta 2009).

“No one from management can ask what a 
postdoc’s work has to do with the mission of 
the company. They are free to work on wha-
tever intrigues them”, a company’s executi-
ve said (Kaplan 2009).

Still, science remains an issue of pub-
lic interest because social values inev-
itably underlie scientific thinking and 
because even the most fundamental 
scientific studies are carried out while 
keeping an eye on how the findings 
could be applied for the sake of ele-
vating the quality of life.

However, the links between scientists 
and the governmental and corporate 
funding agencies in the developed 
world, which includes South Korea, 

have become so tight that the basic 
science that yields fundamental and 
long-term benefits often becomes de-
preciated in favour of applied research 
that is meant to bear fruits in short 
terms. Yet, as basic research is the 
substratum of the applied one (Bra-
ben 2008), the results of the former of-
ten lead to unforeseen but incredibly 
versatile ways of utilizing them. The 
cases of quantum mechanics, which 
was first used decades after its inven-
tion in the design of microelectronics, 
and molecular biology, the basic prin-
ciples of which are nowadays applied 
in drug discovery and other biotech-
nologies, may illustrate this point.

Commercialized science?

Still, in many developed countries uni-
versity research projects with a higher 
chance of commercialization are pre-
ferred in the funding selection pro-
cesses. However, too much focus on 
creating spin-offs without careful prior 
analyses of their true potentials can be 
detrimental for the overall research 
quality (Nature Materials 2006). In 
enforcing policies that instigate push-
ing academic research to the com-
mercial level, another extreme may 
be reached, wherein corporate spirit 
would begin to pervade the freedom of 
thought that universities have fostered 
for centuries (Washburn 2005).

As an example the case of the Yale 
University and the pharmaceutical 
company Bristol-Myers can be cited. 
Yale was generously funded by Bris-
tol-Myers, giving the exclusive manu-
facturing rights of the AIDS drug D4T 
in return. It turned out that Bristol-
Myers was not able to produce D4T at 
a price affordable for the third world. 
But although competing pharmaceu-
tical companies could produce the 
drug at a considerably lower price, 
Yale claimed its hands were tied by an 
agreement signed with Bristol-Myers. 
This practice is covered by the Bayh-
Dole Act adopted in 1980, which gave 
universities intellectual property rights 
to federally funded research in the US. 
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Lack of transparency

Failing to encourage smart and com-
petent methods for the allocation of 
research funds has been shown as 
another main threat for S&T policies 
of the developing countries. In Serbia, 
for example����������������������������, the general lack of trans-
parency is reflected in the fact that 
governmental committees are partly 
involved in nomination and selection 
of heads of the research organiza-
tions, which similarly to other social 
domains indicates that fulfilling politi-
cal interests might be more important 
than claiming scientific or other types 
of professional excellence.

In view of the largest concentration of 
scientists at or around the academic 
and independent research institutions 
rather than within industrial centres, 
a novel and multidimensional meth-
od for financing research is needed. 
A recent analysis of the innovational 
character of S&T in Eastern European 
countries in transition has confirmed 
the role of universities and existing 
national knowledge bases comple-
mented by R&D commitments from 
both public and private sources as the 
main drivers of their innovative out-
put (Krammer 2009). Tax benefits and 
other incentives promoting partner-
ships between industry and academia 
also present a vital feature of scientific 
and technological progress of a devel-
oping country (Etzkowitz 1998).

Cycle of productivity

Applied research is, as the name itself 
suggests, most productive when it is 
carried out on the basis of an already 
established infrastructural and indus-
trial prosperity. The first stage in the 
example of South Korean develop-
ment corresponded to technological 
and industrial improvements spurred 
by the cycle of export-oriented econo-
my, promotion of international recog-
nition and attraction of foreign inves-
tors (Chen/Sewell 1996). Only under 
these circumstances the  scientific 
productivity can be increased.

On the other hand, the success of basic 
research nowadays similarly depends 
on expensive high-tech equipment. 
Even though a general consequence 
of the post-World War II division to 
abundant funding of research in the 
West and poor funding in the East 
has predisposed researchers in the 
former regions to become more ori-
ented towards experimentation and 
the latter to attain strong theoretical 
capabilities (Nature Materials 2007b), 
theoretical research nowadays fre-
quently requires expensive computa-
tional equipment to satisfy the needs 
for competitive, high-quality simula-
tions and modelling (Johnson 2009).

However, this is not to say that there is 
no hope for basic research in less de-
veloped countries (Salam 1984). Quite 
contrary, the recent breakthroughs 
in simple and yet very efficient soft 
chemical methods of synthesis pro-
vide the opportunities for competition 
of low-cost experimental setups with 
expensive lithographic techniques, at 
least when the aspect of materials sci-
ence is concerned (Uskoković  V. 2007; 
Masala/Seshadri 2004). 

5.2	Systemic guidelines for sus-
tainable management

Global trends and local needs

Hence, a systemic guideline for devel-
oping countries would be to follow the 
steps of the developed world, and yet 
to be active and ready to implement 
actions to prevent the mistakes made 
in the very same developed world in 
due time. Based on economic predis-
positions and cultural and geographi-
cal background, each society requires 
a unique internal organization, while 
at the same time a certain level of 
similarity of the patterns of growth 
is to be expected among individual 
societies. As observed by the Brazil-
ian scientist and policy maker, José 
Goldemberg,

“We in developing countries should not ex-
pect to follow the research model that led to 
the scientific enterprise of the US and else-
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where. Rather, we need to adapt and deve-
lop technologies appropriate to our local cir-
cumstances, help strengthen education, and 
expand our roles as advisers in both govern-
ment and industry. In this way, we can pre-
vent the brain-drain that results when scien-
tists are not in touch with the problems of 
their home countries or when they face indif-
ference – and poor financial support – from 
their governments.” (Goldemberg 1998)

The nationwide decision to switch 
from gasoline to ethanol, obtainable 
from sugarcane, the traditional crop 
in Brazil, as the major fuel can be used 
as an example of one such eco-tech-
nological idea created by focusing on 
local needs rather than on copying the 
trends existing in the developed world 
(Clendenning 2006).

Top-down and bottom-up

It is an old cliché that the correct ap-
proach in helping underprivileged so-
cieties is not to hand people their fish, 
but to teach them the art of fishing. In-
stead of a passive servitude promoted 
by the former approach, sustained 
social benefits could be fostered by 
the latter approach. Hence, instead 
of investing in tops of the frequent-
ly corrupt governments of the poor 
countries, the attitude of providing a 
high-quality education and a fertile 
ground for the locally sustained eco-
nomic growth should become more 
pervasive.

Consequently, the route to develop-
ment occurs at the intersection of two 
directions: top-down and bottom-up. 
Whereas the former corresponds to 
the management of social relation-
ships by means of policies brought 
about from centralized hierarchical 
levels, the latter belongs to improve-
ments of the society at its fundamen-
tal organizational levels, including 
the provision of educational oppor-
tunities and generation of productive 
academic and industrial bases upon 
which scientific research would find a 
fertile ground.

This perspective may be said to fit 
the concept of the learning econo-
my coined by Bengt-Åke Lundvall. 

It encompasses both, the idea that 
high-quality education is rooted in 
productive and sustainable social or-
ganizations, and the core of the “leap-
frogging” approach, which implies an 
incessant orientation towards innova-
tion that narrows the gap between the 
followers and the leaders (Lundvall 
1999, 1992, 1995).

Good education is oftentimes con-
sidered the general recipe for social 
prosperity (Uskoković  2009a). When 
society invests in high-quality educa-
tion, which includes not only profes-
sional trainings, but general knowl-
edge, ethical teaching and upbringing 
in childhood as well, it gains an abil-
ity to live through hard times without 
reaching the states of civil anarchy. In 
accordance with the circular causal 
nature of physical phenomena in gen-
eral (Bateson 1972), the attempts to 
improve the rate of development of a 
given society in a politically hierarchi-
cal, top-down fashion sooner or later 
encounter complex circular causal 
chains in which each cause presents 
an effect and vice versa (Beer 1967).

It can thus be noted that in order to 
solve the problem of poverty, stable 
political and security bases should be 
set, which requires good educational 
foundations, for which the solution 
of existential poverty becomes the 
necessary precondition (Churchman 
1968). Sustaining a productive society 
can be thus said to lie in the coales-
cence of smart policies that descend 
down from the top levels of govern-
mental regulations, and promotion of 
valuable education that extends from 
the invisible foundations of the soci-
ety up. 

Smart policies

Also, in the context of globalization 
and internationalization, a develop-
ing society should maintain the bal-
ance between preserving its cultural 
bases and fostering openness to infor-
mation exchange with the rest of the 
world (Kelly 1995). Forms of openness 
to external influences that erase the 
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cultural background of the society or 
closeness to international communi-
cation driven by fears that the nation-
al heritage would be diminished both 
deviate from the optimal, middle way 
approaches.

Openness that allows for facile trans-
mission of technical information has 
been shown to encourage research-
ers and entrepreneurs to innovate 
and pursue the most up-to-date ap-
proaches and technologies (Gross-
man/Helpman 1993). It also broadens 
the market size and leads to realloca-
tion of resources that may positively 
affect growth.

On the other hand, focusing on tech-
nological solutions that satisfy local 
needs rather than looking after com-
peting on the international scene at 
every cost, even though the discov-
eries arrived at may never be imple-
mented locally, may prevent futile dis-
sipations of research creativity.

Human nature

This guideline is, in fact, consistent 
with both the nature of perception 
and biological constitution of human 
beings (Glasersfeld 1996). Firstly, per-
ceptual experiences proceed from 
within the brain as much as they are 
being influenced by the sensual detec-
tion of physical features of the sur-
rounding world (Uskoković 2009c). 
Secondly, biological creatures are in-
trinsically built on the principle of bal-
ancing thermodynamic openness and 
operational closeness (Maturana/
Varela 1987). 

Namely, whereas the former explains 
for the exchange of matter, energy and 
information with the environment, in 
which the living creatures need to be 
constantly engaged in order to main-
tain their physical structures, the lat-
ter is descriptive of closed metabolic 
loops that comprise biological entities 
and are essential in preserving their 
integrity and autonomy, preventing 
their disintegrative dissipation into 
the environment.

Naturally, we imitate others and pri-
marily those who we admire and 
whom we aspire to become. Yet, 
without sanely being in touch with 
our own inner source of creativity, 
such an imitational approach would 
turn us into blind followers of leaders 
and authorities of the world, prone to 
manipulation and not living up to the 
fullest of our creative potentials.

Cultural diversity of societies

The same can be said to be valid for 
countries and societies of the world: 
the sense of respect would natural-
ly yield a healthy dose of imitation, 
whereas a focus on building original 
and unique social bases of welfare 
and prosperity starting from the local 
scale and certainly comprising heavy 
investments in research would maxi-
mize fulfilment of the creative poten-
tials of the given society and eventu-
ally promote cultural diversification of 
the planet instead of threatening it by 
the extensive imitation of the leaders. 
“Focus and Partner”, the slogan given 
for the development plan for S&T in 
Serbia by the Ministry of S&T, nicely 
captures this balance between co-
operative openness and operational 
closeness (MSTDRS 2009).

Local needs

It has been witnessed that techno-
logical design and industrial solutions 
shown as successful in the context of 
a developed society may turn out to 
be impractical and inefficient when 
straightforwardly introduced into a 
less developed society (Schumach-
er 2000). An example of innovation 
aimed at suiting primarily the local 
needs and yet open to international 
transfer of knowledge is given by a 
Slovakian team of scientists that com-
mercialized a nanobiocomposite elec-
trode for in situ analysis of wine com-
ponents, thus linking nanotechnology 
with the traditional winemaking in an 
inexpensive and elegant way (Tkac et 
al. 2007).
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Sustainable management

Adjusting the technological perfor-
mance of a small country to its size 
and to local needs and capabilities 
should present only an aspect of a 
wider social plan of economically and 
ecologically sustainable management 
(Uskoković  2008). Considering the fact 
that rich countries have based their 
progress on an overall degradation 
of the underlying natural capital, the 
chance of the developing countries to 
overtake the developed societies lies 
exactly in timely adoption of progres-
sive ecological policies.

In that sense, Serbia could learn a lot 
from Germany and the way in which 
it transformed its destructive nation-
alism of the World War II era into one 
of the most influential environmental 
conservation movements. With the 
right incentives from the international 
community and appropriate tech-
nological and educational policies, 
a similarly devastating nationalism, 
arising of which followed the break-
down of Yugoslavia, could be trans-
formed into a truer and more produc-
tive “love of the land”.

The opening passage by Nikola Tesla 
demonstrates one such balance be-
tween a locally oriented patriotism 
and a working dedication to the en-
tire humanity. With such an approach, 
hopes remain that the Berlin Wall of 
international isolation that has taken 
an enormous toll on the intellectual 
potential of Serbia could be toppled 
down. The local political and social 
problems would thus become only 
remnants of the faint past of a society 
which is soon to be transformed into a 
vital member of the European science 
and economy.

6	 Conclusion
By comparing the two cases of fairly 
prosperous scientific management, of 
South Korea and Slovenia, with chal-
lenges tied with poor scientific and 
industrial productivity, typical for the 

developing countries and illustrated 
on the example of Serbia, a few guide-
lines for the evolution of a society 
towards higher scientific and social 
prominence were outlined.

Establishing innovation-fostering ac-
ademia-industry partnerships, which 
would promote research with high ap-
plicative potentials in addition to that 
pertaining to fundamental discoveries 
was laid out as a part of the solution. 
Prioritizing R&D areas through na-
tional research programs and reform-
ing the higher education sector to fol-
low the local demands of the society 
were also discussed as positive fac-
tors in integrating scientific potentials 
of a developing country within its to-
tal economic performance. The most 
favourable pattern of growth should 
be based on the parallel control of sci-
entific and fiscal policies on one side 
and the excellence of basic education 
and scientific training on the other.

To succeed in this dream of raising 
a society with an average scientific 
and technological performance into 
clouds of excellence, embedment into 
international science and engineer-
ing networks is required as much as 
strong local scientific and technologi-
cal bases. The former would be vital 
in maintaining up-to-date R&D inter-
ests and priorities, whereas the latter 
would provide a fertile ground for an 
efficient transfer and implementa-
tion of the foreign-based capital and 
knowledge.

Systemic nature of progress

Furthermore, the signs of healthy pro-
gress of any given society or natural 
system are evident in the parallel de-
velopment of communicational com-
plexity between their constitutive en-
tities and of their intrinsic versatility. 
In their healthy states, natural systems 
are diversified and functionally differ-
entiated as much as they are unified 
and well integrated. Once this sys-
temic property of progress becomes 
openly recognized, both rich and poor 
countries would gain responsibility to 
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promote it at their respective organi-
zational levels.

The former should primarily reorient 
towards ensuring not only fair trans-
actions in terms of short-term reci-
procity, but primarily long-term so-
cially, economically and ecologically 
sustainable interactions between the 
developed and underdeveloped coun-
tries of the world, which would foster 
the appropriate systemic balance be-
tween unity and diversity. The devel-
oping countries have the same task, 
which is to be carried out in far small-
er domains.

And we, individual human beings, in 
accordance with the tradition of wis-
dom and ethics of our civilization, are 
responsible to pay attention to the im-
portance of the invisible roots of sci-
ence, thought and creativity as much 
as on the measurable welfare. For, in 
the end, what this paper has primar-
ily aimed at is to provide a glimpse of 
a profound education as standing at 
the foundations of a truly sustainable 
society.
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7	 Appendix: The bibliograph-
ic analysis method

The major part of the statistical data 
used in the analysis was drawn from 
various Eurostat databases available 
online. All the data are from 2007 be-
cause the statistics for 2008 and 2009 
are incomplete. In case Eurostat (Eu-
rostat 2010) did not provide data on 
a particular indicator, we used other 
primary sources like the CIA World 

Factbook (CIA 2010) and the data-
bases of the Statistical Office of the 
Republic of Serbia (Statistical Office of 
the Republic of 2010b), and secondary 
sources, like the policy document of 
the Ministry of Science and Techno-
logical Development of the Republic 
of Serbia Scientific and Technological 
Development Strategy of the Repub-
lic of Serbia, 2010–2015 (Ministry of 
Science and Technological Develop-
ment of the Republic of Serbia 2009). 
Estimations were made only when 
it was not possible to draw reliable 
data from the primary and secondary 
sources and they were calculated on 
the basis of the known parameters. 

Bibliometric data, primarily related 
to the number of publications written 
by authors coming from a particular 
country or area and indexed by the 
International Scientific Institute (ISI), 
were drawn from the Web of Sci-
ence® with Conference Proceedings, 
namely from the following databas-
es: Science Citation Index Expanded 
(SCI-EXPANDED) – 1996–present, 
Social Sciences Citation Index (SSCI) 
– 1996–present, Arts & Humanities Ci-
tation Index (A&HCI) – 1996-present, 
Conference Proceedings Citation In-
dex – Science (CPCI-S) – 2001-present, 
and Conference Proceedings Citation 
Index – Social Science & Humanities 
(CPCI-SSH) – 2001–present. In order 
to draw relevant data, we performed 
a series of advanced searches limit-
ing search parameters to the follow-
ing document types: “Article”, “Pro-
ceeding Paper” and “Review”, and the 
time span “2007”. Having in mind that 
search results usually include a num-
ber of documents from years before or 
after, though the time span is speci-
fied in the initial search, they were 
further refined using the “Publication 
Year” filter. In order to retrieve data for 
the United Kingdom, the terms “Great 
Britain”, “England”, “Wales”, “Scot-
land”, and “Northern Ireland” were 
included in the search, whereas for 
the Russian Federation we included 
the names of a dozen major cities as 



58		   STI Studies 2010: 33-62

search terms. Since the number of 
documents retrieved in the searches 
related to the European Union (EU 
27, EU 15 and EU 16) and the United 
States of America was beyond the 
search limit (100,000), it was neces-
sary to make estimation. The estima-
tions were made on the basis of data 
provided by the Web of Science: in a 
series of separate searches we estab-
lished the number of relevant docu-
ments (“Article”, “Proceeding Paper” 
and “Review”) in the Social Sciences 
Citation Index (SSCI) – 1996–present, 
Arts & Humanities Citation Index 
(A&HCI) – 1996-present and Confer-
ence Proceedings Citation Index – So-
cial Science & Humanities (CPCI-SSH) 
– 2001–present; and the number of 
Proceeding Papers and Reviews in 
the Science Citation Index Expanded 
(SCI-EXPANDED) – 1996–present and 
Conference Proceedings Citation In-
dex – Science (CPCI-S) – 2001-pre-
sent; having in mind that the share of 
Articles in the Science Citation Index 
Expanded (SCI-EXPANDED) – 1996–
present and Conference Proceedings 
Citation Index – Science (CPCI-S) – 
2001-present for other countries is 
about 70 percent (as we calculated it), 
it was easy to calculate the estimated 
number of Articles for the European 
Union and the United States of Amer-
ica and add it to the results of the per-
formed searches. 

The data related to the costs of a sin-
gle ISI publication were calculated 
from the figures obtained from the 
Web of Science® with Conference 
Proceedings and those drawn from 
Eurostat databases. There are several 
parameters in Table 4 that have to do 
with the funds allocated to R&D. The 
idea was to give a multifaceted view 
of R&D expenditures by presenting 
absolute amounts (column “Total re-
search funds and funds from the budg-
et in millions of EUR”), by normalizing 
them per GDP and population (col-
umns “Total research funds and funds 
from the budget in % of GDP” and “To-
tal research funds and funds from the 

budget per capita”), and by highlight-
ing the structure of R&D funding and 
the share of R&D expenditures in the 
overall government budget (column 
“Total GBAORD as a % of total gen-
eral government expenditures”). Total 
research funds include funding from: 
(a) government; (b) business and en-
terprise sector; (c) higher education 
sector; (d) private non-profit sector; 
and (e) abroad, i.e., both the funds 
allocated by the government (a) and 
funding from other sources (b-e). Re-
search funds from the budget (a) in-
clude merely the R&D funds provided 
by the government. This parameter is 
called Government Budget Appropria-
tions or Outlays for Research and De-
velopment, abbreviated as GBAORD. 
According to the definition provided 
by Eurostat, it includes “all appropria-
tions (government spending) given to 
R & D in central (or federal) govern-
ment budgets”. In Table 4, EPO stands 
for the European Patent Office.
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