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Innovation worldwide is a key factor for increasing competitiveness and ensuring progress, being an effective way
to respond to different challenges of climate change and sustainable development, and also an important way of
adaptation to new social and economic needs. The article offers an analysis of the evolution of innovation at an
international level during the period 2007-2014, putting under the loupe 34 countries in Europe. The analysis is
based on values of summary innovation index proposed by the European Commission to measure the
competitiveness of European countries in terms of innovation activity. Another direction of analysis pursued in
this paper is to identify the level of influence showed by a number of indicators, which contribute to the
development of this summary innovation index, on the performance of the analysed countries.
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1. Introduction

Innovation, viewed as the totality of changes made with the aim of implementation and of using the
new types of products, means of production and transportation, markets and forms of organization of
the production process is often given by the market and changes occurring within this (Schumpeter,
1934). Peter Drucker (2002) targets unexpected events, inconsistencies, needs of processes, industry
and market changes, demographic changes, changes of perceptions and the appearance of new
knowledge in various fields, as being the main sources of innovation. Unexpected situations can often
generate the appearance of innovations that can have significant effects on the medium and on the long
term, both at a company and at a country level.

The positive impact of innovation on economic performance of companies in different sectors has
been highlighted in numerous analyses performed in countries such as Finland, Italy, UK, Canada etc.
(Leiponen, 2009; Cefis et al., 2005; Bilbao-Osorio et al., 2004; Gu et al., 2004). Starting from the
innovation's results at a microeconomic level, one can find their influences at a macroeconomic level as
well. Thus, analyzing the impact of technological innovation on the economic growth of a country,
Zalewski and Skawinska (2009) highlights the existence of a correlation between the evolution of
innovation index (SII) and the performance indicators at the macroeconomic level (gross domestic
product, labor productivity and high technologies export). Keeping the same line, in an analysis of 115
countries based on 25 indicators, Fagerberg and Srholec (2008) identify a positive correlation between
innovation system and gross domestic product per capita.

Based on the positive impact of innovation, the European Commission outlined common strategies
for the European Union countries with the purpose of increasing innovation activities at an European
level and achieving the level of performance recorded in this area by United States and Japan. Thus it
was created an aggregate indicator of innovation (Summary Innovation Index) to allow the
measurement of the performance level of innovation and the adoption of some effective strategies for
the purposes of intensifying its influence on the macroeconomic level.

The paper, structured in two stages, analyzes the evolution of the European countries in terms of
innovation and the level of influence of each indicator on the aggregate indicator of innovation.

The analysis aims to provide an overview of innovation activities at an European level in order to
facilitate the identification of the main criteria to be fulfilled for the process to be a success and the
identification of those dysfunctions that make it more difficult. The second stage of study of this paper
is intended to identify those indicators that can contribute substantially to raising the level of the
aggregate indicator of innovation, in order to concentrate the resources and the policies at a country

level in the direction that can bring the most benefits.

2. Materials and Methods

The analysis covers the period 2007-2014 and is based on a series of indicators involved in the study
in two stages, as outlined its purpose.
In the first stage, there were used annual data included in the Innovation Union Scoreboard,

developed by the European Commission at the end of each year, which reflects the innovation activity
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of 34 European countries: Romania, Bulgaria, Macedonia, Turkey, Latvia, Lithuania, Croatia Poland,
Slovakia, Greece, Hungary, Spain, Serbia, Malta, Portugal, Italy, Cyprus, Czech Republic, Norway,
Estonia, Slovenia, Austria, France, Belgium, Iceland, Ireland, United Kingdom, Luxembourg,
Netherland, Germany, Finland, Denmark, Sweden and Switzerland. To determine the evolution of
innovation activity at the European level, there was used aggregate indicator of innovation (SII) based
on 25 indicators. The 25 indicators present and defined in the Innovation Union Scoreboard are: 1)
New doctorate graduates per 1000 population aged 25-34 (DOC); 2) Percentage population aged 30-34
having completed tertiary education (TE); 3) Percentage youth aged 20-24 having attained at least
upper secondary education (USE); 4) International scientific co-publications per million population
(ISC); 5) Scientific publications among top 10% most cited publications worldwide as % of total
scientific publications of the country (Sp); 6) Non-UE doctorate students as a % of all doctorate
students; 7) R&D expenditure in the public sector (% of GDP) (RD ps); 8) Venture capital (% of
GDP); 9) R&D expenditure in the business sector (% of GDP) (RD_bs); 10) Non-R&D innovation
expenditure (% of turnover) (NR d); 11) SMEs innovating in-house (% of SMEs) (SME ih); 12)
Innovative SMEs collaborating with others (% of SMEs) (SME _sc); 13) Public-private co-publications
per million population (PP_cp); 14) PCT patent applications per billion GDP (PCT _ap); 15) PCT
patent applications in societal challenges per billion GDP (PCT _sc); 16) Community trademarks per
billion GDP (CT); 17) Community designs per billion GDP (CD); 18) SMEs introducing product or
process innovations (% of SMEs) (SME pi); 19) SMEs introducing marketing or organizational
innovations (% of SMEs) (SME mi); 20) Employment in fast-growing enterprises in innovative sectors
(% of total employment); 21) Employment in knowledge-intensive activities (% of total employment)
(E); 22) Exports of medium and high-technology products as a share of total product export; 23)
Knowledge-intensive services exports as % of total services exports (K); 24) Sales of new-to-market
and new-to-firm innovations as % of turnover (Sales); 25) License and patent revenues from abroad as
% of GDP (License) (www.ec.europa.cu).

The second stage aims analyzing the level of influence of these indicators on the aggregate index
(SII). Due to the lack of information, the number of analyzed indicators was reduced from 25 to 21,
being removed from the analysis indicators such as non-UE doctorate students as a % of all doctorate
students; Venture capital (% of GDP); Employment in fast-growing enterprises in innovative sectors
(% of total employment); Exports of medium and high-technology products as a share of total product
export. The lack of information has led to the reducing of the number of countries analyzed, from 34 to
28, from the database used in the first stage of the study being removed Macedonia, Serbia, Slovenia,
Iceland, United Kingdom and Switzerland.

To achieve the goal of the article, there have been used, in the first stage, a direct comparative
analysis of the aggregate indicator of innovation (SII) for the 34 countries in the period 2007-2014, in
second stage being selected a panel analysis including dates from 21 indicators (independent variables)
and the aggregate indicator (dependent variable), for the period 2008-2014. The data used were
obtained from the information provided in the Innovation Union Scoreboards for the 8 respectively 7

analysed years.

959


http://dx.doi.org/

elSSN: 2357-1330
Selection and peer-review under responsibility of the Organizing Committee of the conference

3. Results

3.1. Innovation in Europe

Considering the size of the aggregate indicator of innovation in the 34 studied states, there was
performed a division of them into 4 groups: innovation leaders, innovation followers, moderate
innovators, modest innovators. Related to 2014, an overview over the innovation performance of
European countries highlight among the countries with a high degree of innovation (innovation leaders)
Switzerland and Sweden, on the opposite side (moderate innovators) being Romania and Bulgaria.
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Fig 1. Innovation performance at international level in 2014
Source: own processing

At the European level, the year 2014 brings an increase in average of aggregate indicator of
innovation (SII) of 0.001, from 0.554 to 0.555. Among the countries that recorded decreases in 2014
compared to 2013 are Romania and Lithuania from the modest innovators group, Greece, Spain, Italy,
Cyprus, Norway and Estonia from the moderate innovators group, Austria, Belgium and Luxembourg
from the innovation followers group and Germany, Finland and Sweden in the innovation leaders
group. Dividing the results achieved in 2014 to those from 2007 there can be seen an increase of about
6% of the indicator average at European level.

From the modest innovators group, Turkey recorded the most spectacular increases of SII, reaching
increases of about 60% in 2014 compared to 2007.

From the moderate innovators group, significant increases in recent years are highlighted in
countries such as Serbia, up to 50% in 2014 compared to 2007 and Malta, up by 22%. On the opposite
side, there are countries such as Spain and Cyprus which recorded declines of the indicator value in
2014 compared to the first year covered (2007).

The innovation followers group presents a relatively constant evolution, being characterized by
significant jumps. Within this group, one can distinguish Slovenia, with an increase of approximately
20% in 2014 compared to 2007. Though they recorded significant growth (12% in 2014 compared to
the values recorded in 2007), the Netherlands and the United Kingdom are positioned at the top level in
the innovation followers group. Among the most favourably positioned countries in this group, there
are Slovenia, Austria and France. With the exception of Slovenia which has an undisputed evolution of
aggregate indicator of innovation from 2007 to 2014, the other three countries have recorded relatively

constant values throughout this period.
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Insignificant variations have been recorded within the 5 countries, innovation leaders, the aggregate
indicator values being maintained almost constant during the period 2007-2014. Luxembourg, was part
of this group in 2013, recording lower values of the indicator in 2014, a situation that prompted its
passage in the innovation followers group.

The structure of the four groups does not suffer significant changes from year to year, but within
them there are smaller or larger changes of position due to the decrease or increase of the value of
aggregate indicator. This situation is characteristic of Romania, that has reached on the last position of

the modest innovators in 2014, being surpassed by countries such as Turkey, Bulgaria and Macedonia.

3.2. Determinant indicators of innovation

The position of the analysed countries, in term of size of the aggregate indicator of innovation, can't
be maintained for the 25 indicators. Thus, the first determinant indicator of aggregate indicator of
innovation (new doctorate graduates per 1000 population aged 25-34) causes a different positioning of
the 34 countries. Figure 2 highlights different innovation leaders when it is taken into consideration the
indicator ” new doctorate graduates per 1000 population aged 25-34” and not the aggregate indicator
values. If in the case of the size of the aggregate indicator Switzerland occupies the first position, in

this case the first place is occupied by Greece.
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Fig 2. The values of the indicator “new doctorate graduates per 1000 population aged 25-34” (Source: own
processing)

The major differences arising between the level of aggregate indicator and the level of determinants
indicators lead to the need of analysing the dimension of the inter-correlation between those two type
of variables.

Thus, it is necessary to identify the impact that each indicator can have over the aggregate indicator
of innovation. For the analysis were used logarithmic values of the dependent variable (IIS) and the
independent variables (DOC, TE, USE, ISC, SP, RD PS, RD BS, NR D, SME IH, SME SC, PP _CP,
PCT AP, PCT SC, CT, CD, SME PI, SME ML E, K, SALES, LICENSE).

Multiple regression analysis will indicate which is the dimension of the causality link between the
dependent variable and the independent variables previously listed and defined.

Explicit equation:
WR_PB=C(1)+C(2)*DOC+C(3)*TE+C(4)*USE+C(5)*ISC+C(6)*SP+C(7)*RD_PS+C(8)
*RD_BS+C(9)*NR_D+C(10)*SME IH+C(11)*SME_SC+C(12)*PP_CP+C(13)*PCT_AP+C(14)*PC

T_SC+C(15)*CT+C(16)*CD+C(17)*SME_PI+C(18)*SME_MI+C(19)*E+C(20)*K+C(21)*SALES+
C(22)*LICENSE, (1)
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Analysing the results from table 1, it is noted that the major influence on the aggregate indicator
value is given by TE (16.93%), USE (12.31%), ISC (11.90%), SME_MI (16.55%), E (13.26%) and
SALES (6.42%). The other indicators such as SP, RD_PS, SME IH, SME SC, PP_CP, PCT_AP,
PCT _SC and CT, affect the aggregate indicator dimension to a very small extent, their probability of

being statistically insignificant exceeding the limit of 10%.

Table 1. The inter-correlation level between SII and the determinants indicators

Dependent Variable: 1IS
Method: Panel Least Squares
Sample: 2008 2014
Periods included: 7
Cross-sections included: 28
Total panel (balanced) observations: 196

Variable Coefficient Std. Error t-Statistic Prob.

C -4.089151 0.382161 -10.70007 0.0000

DOC 0.041578 0.016119 2.579373 0.0107

TE 0.169307 0.038948 4.347026 0.0000

USE 0.123193 0.068163 1.807323 0.0724

ISC 0.119064 0.038319 3.107203 0.0022

SP 0.005959 0.004699 1.268361 0.2064

RD_PS -0.039651 0.033300 -1.190741 0.2354

RD_BS 0.059016 0.019394 3.043088 0.0027

NR D 0.052814 0.014683 3.596897 0.0004

SME_IH -0.005245 0.072483 -0.072362 0.9424

SME_SC 0.024001 0.030176 0.795354 0.4275

PP_CP 0.009309 0.012496 0.744955 0.4573

PCT_AP 0.036391 0.024964 1.457729 0.1467

PCT_SC -0.005182 0.011642 -0.445098 0.6568

CT 0.003195 0.012658 0.252387 0.8010

CD 0.019950 0.008684 2.297470 0.0228

SME_PI 0.037527 0.067676 0.554521 0.5799

SME_MI 0.165510 0.051582 3.208701 0.0016

E 0.132652 0.057679 2.299838 0.0226

K 0.038312 0.022925 1.671180 0.0965

SALES 0.064262 0.023683 2.713493 0.0073

LICENSE 0.022426 0.006366 3.523013 0.0005
R-squared 0.939957 Mean dependent var -0.856633
Adjusted R-squared 0.932710 S.D. dependent var 0.382642
S.E. of regression 0.099258 Akaike info criterion -1.676752
F-statistic 129.7107 Schwarz criterion -1.308800
Prob(F-statistic) 0.000000 Durbin-Watson stat 1.274010

Source: own processing using EViews

Although they have recorded positive values of coefficients, the variables DOC, RDBMS, NR D,
CD, K, LICENSE have an insignificant impact on the aggregate indicator. For a graphic illustration of
the values obtained for the 21 variables, figures 3 and 4 show the coefficients level of the dependent

variables and their probability to be statistically insignificant.
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Fig 3. Dependent variables coefficients values (Source: own processing)
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Fig 4. Statistical significance probability values (Source: own processing)

The impact of the 21 analysed indicators on the SII is 93.27%, the difference being given by the
indicators that were not used in the analysis due to lack of data. Considering the impact level associated
with the 4 indicators (6.73%), it cannot be discussed the impossibility of formulating some sustainable

conclusions based on the existing data.

4. Discussion

The importance of analysing the dimension of the impact of each dependent variable on the
independent variable is given by the need of focus on those segments or areas which may have a
significant impact on macroeconomic results at the level of which country and which may increase
performance relative to other European countries.

The analysis made on the 28 countries release the need of focus on the most important elements that
can offer the highest level of performance in innovation. Thus, at a country level, there should be given
special importance to the level of education and absorption of the population in the tertiary education,
the level of graduation in the university education, the research conducted at international level in
different fields, the number of companies that develop organizational and marketing innovations, the
sales volume of products, new to the firm or new to the market and the number of employees engaged
in technology intensive activities.

The investments in human resources and providing the necessary support to companies in order to
ensure their development and a high level of accessibility to the market, for commercialization of
innovative products, can represent viable solutions to reduce the gap between innovation leaders and
modest innovators. The results also show that the link between research and development expenditure
in the public sector does not generate positive results of innovation. The impact that research and
development activities have on the innovation performances is considered to be important only in the
private sector. In this situation it can be considered appropriate an identification of those forms of
public-private partnership or those financing methods suited to conduct the research and development
activities in the private sector. Because the entire innovation activity is part of a system, the innovation
success is conditioned by its functionality. Thus, the countries with a high capacity of innovation and a
functional governmental system, are capable of achieving important economic performance (Fagerberg
et al., 2008), the innovation success being conditioned by the openness of the country in the entire
process, from the research and development activity to the transfer of the innovation results to the
market (Gurbiel. f.d.). All the measures that can be taken in a country based on the image offered by
this analysis differs from country to country depending on the current situation in the analyzed field

and the long-term strategy assumed at the country level.
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