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Investment to Technologies Strengths and Weaknesses:
Lithuania in the Context of EU
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Abstract—This investigation was performed in order to find
the main strengths and weaknesses of investment to
technologies in Lithuanian case. The overview of literature
complaining investment to technologies issues was made and the
knowledge based economy was selected as the theoretical
background for this investigation. Different investigations
regarding investment to innovations were also reviewed and on
the base of these investigations, the methodology for the
investment to technologies evaluation was created. The
summarized Investment to Technologies Index (ITIl) was
developed and Lithuania was assessed in the context of other
European Union countries in the respect of three different
perspectives: Skills and knowledge, Financial Investment and
Technological Output. The investigation has shown Lithuanian
potential and also week spheres that must be developed in order
to reach the goals of Lithuanian Innovation Strategy 2010-2020.

Index Terms—Investment to
competitiveness, innovation strategy.

technologies indicators,

I. INTRODUCTION

Nowadays investment to technologies plays critical role
for the development of every country: the economic growth,
as well as living conditions and competitiveness of a country.
Technologies and industrial innovations are supposed to be
the main economical, ecological, and social wellness factor.
They promote increase of living standard and increase of
workforce productivity in governmental and private sector;
they have impact on creation of new workplaces and new
work spheres and on improvement of services; they promote
competitiveness of the national production on the world [1].

Europe 2020 strategy put forward that there are three
mutual reinforcing priorities [2]: 1) smart growth; 2)
sustainable growth; 3) inclusive growth. This requires
improving quality of education, knowledge transfer, making
full use of communication technologies, investing to skills,
new processes and technologies. According to [3] education
and entrepreneurship have a critical role to play in
maintaining and further enhancing Europe position as a key
global player in upcoming years.

In Lithuanian case it is to notice that recent business
conditions are not satisfying. In 2010 Lithuanian government
adopted resolution regarding implementation of innovation
strategy 2010-2020 of the Republic of Lithuania. The aim of
this strategy—concentrate and to effectively manage country‘s
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resources for the creation of competitive knowledge — based
economy which is based on implementation of new
technologies and availability of high qualified human
resources [4]. In the Strategy a big attention is paid to the
development of the High - Tech sector, which in turn, will
increase the competitiveness of companies in the local and
global markets through new products, new technologies,
processes, business models and organization structures.

In the theoretical part of this paper the impact of
technologies on the development of country’s economy was
analyzed within a scope of different theories: neoclassical [5],
endogenous [6]-[8], evolutionary [9], knowledge - based
economy [10] and others. In the methodological part
different methods and overviews [11] evaluating innovations
in the world and Europe were discussed and the system of
indexes for the evaluation of investment to technologies was
developed.

The main objective of this investigation was to evaluate
Lithuania according to investments to technologies criteria in
the context of European countries. This evaluation enables
identification of the main strengths and weaknesses in the
country and could work as a tool for adequate country’s
strategic proposals.

Il. THEORETICAL BACKGROUND

The impact of technological progress to the economy
growth was emphasized in well-known economic theories
developed in the last century. However it had different
approaches.

R. Solow created Neoclassical Growth model evaluating
how the current level of the capital labor ratio and two
parameters: the savings rate and the rate of population growth,
determine the rate of change of the capital labor ratio [5].
However the model assumes that the economy growth is
solely determined by exogenous technological progress
whose rate is defined by scientific process which is
independent of economic forces and not affected by
short-term economic policies. Neoclassical theory does not
provide interpretation of economic forces and strategies that
influence main sources of long-run economic growth [12].

The Endogenous growth theory is based on the idea that
technological progress is not simply determined by
exogenous factors but is “produced” by innovation activities,
including R&D [7], [13]. Long-term growth is emanating
from economic activities which create new technological
knowledge.

A big attitude is paid to the intellectual capital in the
Innovation-based endogenous growth theory. P. Romer
developed one branch of this theory while emphasizing the
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importance of knowledge to the economic growth of the
country. The other branch of innovation-based growth
theory is the Schumpeterian® theory [6] developed by P.
Aghion and P. Howitt [8], [14], [15] R&D activities in this
innovation - based theory are a driving horse of the economy
growth. The way to grow rapidly is to devote a large fraction
of output to R&D, which has direct impact on workforce
productivity. According to A.P. Bartel [16] progressiv
industry branches are tending to pay more attention to
education and training of workers and to invest more in this
field as compared to the industry branches that are far behind
regarding the implementation of technological advances.

The first formalized evolutionary model of growth which
was proposed by R. Nelson and S. Winter [17] was based on
theories of A. Marshal [18] and J.E. Schumpeter [6]. Within
Nelson-Winter models a successful technological innovation
generates profits for the firm making it, and leads to capital
formation and growth of the firm. Firm growth generally is
sufficient to outweigh any decline in employment per unit of
output associated with productivity growth, and hence results
in an increase in the demand for labor, which pulls up the real
wage rate. This implies the growth of capital using but labor
saving innovation profitability. As labor productivity, real
wages, and capital intensity are rising, the same mechanisms
regulate decrease of the return rate to capital. Creation of new
productive technologies rise the profit rate, which will induce
an investment boom, which in turn will pull up wages, and
drive capital returns back down [19].

Knowledge based economy. Key instruments of
knowledge based economy are new scientific knowledge,
advanced information technologies and innovations. Radical
implementation of innovations leads to the development of
new technological processes and creation of new products.
Continuous development of knowledge economy and
investment in R&D measures are prerequisite for securing of
competitiveness on all levels. Governmental policy may
accelerate the economy growth rate in the country creating
conditions for free market competition and for
implementation of R&D (innovation) products in the market.
It was also recognized, that private investment in R&D is the
most important engine of technological progress [20], [21],
[22]. Investments in knowledge can increase the productive
capacity of the other factors of production as well as
transform them into new products and processes.

As knowledge based economy fits our investigation aims
best, it was used as theoretical background in the present
investigation to evaluate the impact of investment to
technologies on the development of national economy, taking
into account the complexity of economy system and
indicators describing this system.

There are many systems of indicators and methodologies
how to compare countries while speaking about knowledge
and innovations.

World Bank calculates Knowledge Economy Index (KEI)
that represents countries ability to compete in knowledge
economy. Knowledge Economy Index is comprised of
Economic Incentive and Institutional Regime Index (EIR)
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and Knowledge Index (KI). KEI is constructed of three
indicators: Tariff & Nontariff Barriers, Regulatory Quality,
Rule of Law. The Economic Incentive and Institutional
Regime index comprises incentives that promote the efficient
use of existing and new knowledge and encourage
entrepreneurship. Knowledge Index is constructed of three
sub-indexes: 1) Innovation and Technological Adoption; 2)
Education and Training and 3) Information and
Communications  Technologies (ICT) Infrastructure.
According to the World Bank’s Knowledge Assessment
Methodology [23] the growth of global knowledge, its
adoption to local needs and new technological solutions are
influenced by an efficient innovation system made by firms,
research centers, universities, and other organizations.
Education and training are important for the community to
create, use and share the knowledge. The effective
communication and information processing could be
performed only in the respect of modern and accessible
information and communications technologies. According to
[24], the Knowledge Index and Knowledge Economy Index
help to identify the economic and social trends and
transformations in the EU for the development of the
processes highlighted by the comparative analysis. It gives
researchers the opportunity to assess key indicators of values
and changes in the economic and social development.

The opportunities for creation, adopting and export of
technologies are highly related to firms’ performance results.
Firms performing in different counties have not the same
conditions for their business. Economic freedom plays an
important role here. Index of Economic Freedom is
constructed of 10 different equally weighted components and
assesses the situation in four perspectives [25]: 1) Rule of law
(property rights, freedom from corruption); 2) Limited
government (fiscal freedom, government spending); 3)
Regulatory efficiency (business freedom, labor freedom,
monetary freedom); 4) Open markets (trade freedom,
investment freedom, financial freedom). Countries with
higher level of economic freedom substantially outperform
others in economic growth, per capita incomes, health care,
education, environmental protection, and reduction of
poverty.

Countries, having efficient innovation systems percept
better, the importance of education, knowledge and new
technologies.

Every year the European Commission publishes the
Innovation Union Scoreboard providing a comparative
assessment of the research and innovations in the 27 EU
Member States and Croatia (entered EU in 2013), Serbia,
Macedonia, Turkey, Iceland, Norway and Switzerland and
indicating relative strengths and weaknesses of each country.
The assessment is based on the analysis of 25 indicators of 3
different types that cover 8 innovation dimensions [26]. First
type of indicators are “Enablers” that capture the main
drivers of innovation performance external to the firm and
cover 3 innovation dimensions: Human resources (new
doctorate graduates, population aged 30-34 with tertiary
education, youth with at least upper secondary education):
Open, excellent and attractive research systems
(international scientific co-publications, top 10% most cited
scientific publications, non- EU doctorate students) as well as
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Finance and support (R&D expenditure in the public sector,
venture capital investments).

“Firm activities” are second type of indicators that reflect
the innovation efforts at the level of the firm, and are grouped
in 3 innovation dimensions: Firm investments (R&D
expenditure in the business sector, non-R&D innovation
expenditure), Linkages & entrepreneurship (SMEs
innovating in-house, innovative SMEs collaborating with
others, public-private co-publications) and Intellectual assets
(PCT patent applications, PCT patent applications in societal
challenges, community trademarks, Community designs).

Third type of indicators “Outputs” cover the effects of
firms’ innovation activities in 2 innovation dimensions:
Innovators (SMEs with product or process innovations,
SMEs with marketing or organizational innovations,
high-growth innovative firms) and Economic effects
(employment in knowledge intensive activities, MHT
contribution to the trade balance, knowledge intensive
services exports, sales of new to market and new to firm
innovations, licenses and patent revenues from abroad).

To enable comparative analysis of innovation performance
in different countries relative, scores for all years are
re-scaled and a Composite Summary Innovation Index is
calculated as the unweighted average of the re-scaled scores
for all indicators. According to their average innovation
performance, countries are assigned to four performance
groups: the ‘Innovation leaders’, the ‘Innovation followers’,
the ‘Moderate innovators’ and the ‘Modest innovators’
Tracking of progress in actual innovation performance within
and outside the EU (EC: Innovation Union Scoreboard) over
time is an important and supportive measure for national and
EU economies considering implementation of correcting
actions [26].

Another powerful tool for analyzing tendencies of
innovation performance in different countries s
Innobarometer (part of Eurobarometer) [11], which conducts
an annual opinion poll of businesses or general public on
attitudes and activities related to innovation policy and
provides policy relevant information direct from business or
the general public which is not available from other sources.
Most recent EC co-ordinated surveys were related to
economic assets and innovation drivers for growth [27],
innovation in public sector [28], strategic trends of
innovation [29], innovation transfer [30] and cluster’s role in
facilitating innovation [31].

Science and Technology indicators build a separate group
and are used in Eurostat as well as in World Bank’s statistic
databases. However each database maintains different
number of indicators. World bank uses such indicators as:
Charges of the use of intellectual property, High-technology
exports, Patent applications, Research and development
expenditure, Scientific and technical journal articles,
Technicians in R&D, Trademark applications to describe
progress of science and technologies, while Eurostat group’s
Science and Technologies indicators are: R&D composed of
Statistics on research and development and Government
budget appropriations or outlays on R&D, High-tech
industry and knowledge-intensive services, Patent statistics,
Human resources in Science and Technology. Eurostat also
provides the results of EC innovation survey that investigates
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the innovation activity of the European enterprises.

The main principles of the investigations mentioned in this
chapter were developed for the methodology of this
evaluation for investment to technologies assessment and
comparison between Europe countries.

IV. METHODOLOGY

Following and adjusting methodology for index
calculation described in Innovation Union Scoreboard and
methodology for grouping of science and technology
indicators (Eurostat) also taking into account investigations
performed by other authors [32]-[36], model for calculation
of the Investment to Technologies Index (ITI) was proposed,
where ITI is defined as a function (1):

(IT1) = f(SK, FI, TO) 1)

where SK is Skills and Knowledge index, FI - Financial
Investment index, TO — Technological Output index

The selected indicators representing all three dimensions
are: X1-New doctorate graduates per 1000 population aged
25-34, X2 - Percentage population aged 30-34 having
completed tertiary education, X3 - Percentage youth aged
20-24 having attained at least upper secondary level
education, X4- International scientific co-publications per
million population — representing Skills and Knowledge; X5 -
Public R&D expenditures as % of GDP, X6 - Business R&D
expenditures as % of GDP - Representing Financial
Investment; X7 — Number of enterprises in high-technology
sectors, X8 - high-tech patent applications to the EPO by
priority year at the national level per million inhabitants, X9 -
high tech exports as % of all exports — representing
Technological Output.

Each of the dimensions: SK, FI, TO, was calculated as
unweighted average of the indicators defining these indexes.
And finally, investment to technologies index (ITI) was
calculated as the sum of SK, Fl and TO.

While comparing countries to each other, it is important to
select countries having more or less similar performance
conditions. All 28 European Union countries were chosen for
comparison and evaluation of Lithuania’s position, as they
represent the same Union, are in the same geographical
region, and are supposed to have more likely similar
positions than while comparing with other counties of the
World.

The analysis began with 2001 year and following the
methodology of Innovation Union Scoreboard, the most
current data was collected for each of 9 indicators selected.
Most of indicators data was available up to 2011 year.

Following methodology of Innovation Union Scoreboard
it was also decided to keep the same grouping of countries:
leaders, followers, moderate and modest innovators, when
comparing countries according to their Investment to
technologies index.

The classification aims to reduce the dimensionality of a
data set by exploiting the similarities/dissimilarities between
cases [37].

There are many methods of multivariate analysis how
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objects can be grouped to each other. However, recent
researches show that cluster analysis is one of the methods
that fit well for the classification of different objects: market
segments, enterprises, countries, etc. [38]. This method was
chosen for the investigation.

V. RESULTS AND DISCUSSION

Cluster analysis was performed and it enabled to group
countries like is presented in Table I. It is to notice that
technological leaders had highest values of summarized ITI
index and the values decreased while taking into account
technological followers, moderators and modest countries

TABLE I: CLASSIFICATION OF COUNTRIES

Leaders Followers

Mark  Country SK Fl TO ITI Mark Country SK Fl TO ITI

SE sSweden 077 087 019 183 DE  Germany 050 0,65 050 1,64

Fi Finland 076 089 013 177 UK United Kingdom 059 042 049 150

FR France 054 054 040 1,49

DK Denmark 061 0,72 009 142

NL Netherlands 060 054 022 1,36

AT Austria 054 0,62 010 1,2

BE Belgium 059 044 009 1,12

IE Ireland 060 0,30 013 1,03

SL Slovenia 052 038 003 093

Moderate countries Modest countries

Mark  Country SK Fli TO ITI Mark Country SK Fl TO ITI

IT Italy 033 028 032 093 PL Poland 0,41 016 012 068

LX Luxembourg 047 029 014 090 cY Cyprus 0,48 007 008 063

CZ  Czech Republic 040 034 014 088 EL Greece 0,41 014 004 059

ES  Spain 039 031 012 083 SK Slovakia 0,43 009 003 054

EE  Estonia 045 031 004 080 MT  Malta 0,15 008 031 054

HU  Hungary 036 024 018 078 BG Bulgaria 0,33 010 002 045

LT Lithuania 045 023 002 070 Lv Latvia 0,31 012 002 045

PT  Portugal 034 027 006 067 RO Romania 0,28 007 005 039
HR  Croatia 039 022 003 064

Comparison of each country in perspectives of financial
investment, skills and knowledge and technological output
approves reliability of cluster analysis results. There also can
be defined some smaller classes of countries having more or
less similar position for investment to technologies. For
example, Finland and Sweden have the highest results taking
into account all indexes, so it is to consider that their keep
very similar position. It is to notice that Lithuania is having
much more better results in skills and knowledge, while
comparing with Financial Investments and especially
Technological Output. Going into deeper analysis, the
comparison of all 9 indicators was performed and the results
are presented in Fig. 1.

The analysis has approved that Lithuania is rather rich in
human capital, however it is not able to use having resources
in an efficient way. It is evident that in Lithuania education
level is high — the values of X2 and X3 indicators are above
the average of the group of moderate countries and even
above the average of all European Union countries. We have
different situation while taking into account the number of
new doctorate graduates (X1). This indicator is lower than
EU either as moderate countries average. Lithuania is near
the average of moderators group as well as the average of EU
countries while speaking about public R&D expenditures.
However business expenditure on R&D is extremely low.
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Fig. 1. Comparison of indicators for different countries.

Going further, the main problem is concerned to
technological output — Lithuania has extremely small
amounts of enterprises performing in high-tech sector,
high-tech patent applications and high-tech exports.
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The investigation has shown the main strengths and
weaknesses of Lithuania while comparing to other European
countries. It is to conclude that human capital is the main
strength Lithuania has. These well educated people can play a
critical role while creating and adopting high technologies in
the market. However, scientist carer is not as attractive as it
should be to intake more young people with excellent ideas to
R&D.

The main points that must be developed in Lithuania in
order to compete in the global market should also be
discussed. First of all Lithuania invests to science but these
investments in many cases are not coming back as high value
added products or processes. Even if these products are
created they are not commercialized in a proper way. So
Lithuania has very low Technological Output.

Secondly, there should be strong cooperation between
science and business to make sure, that scientific created
products are really useful for business or social needs.
Government should be also included in this cooperation and
its task is to create conditions for high — tech products and
processes to be created and developed. The other way to
develop technological output is to encourage business to
invest to R&D, to take the risk of fail and try the innovative
ideas.

Coming back to innovation strategy 2010-2020 of
Lithuania [4], it is to conclude, that the whole complex of the
instruments and activities shall be implemented in order to
achieve the main goals of this strategy.
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