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Abstract: The paper presents results of the evaluation oflévelopment of eco-innovations in Slovakia in tielato
GDP and the current situation in terms of logistind COVID-19 pandemic. The issue is based onrthlyses of overalll
eco-innovation index of the Slovak Republic in tiela to GDP growth of Slovakia. The calculationaetds the current
state of logistics during the pandemic where GDIBrigs to the main elements associated with effe@no-innovation
supporting. The correlation and regression araby& used to examine the degree of interdepentieneeen economic
growth and total eco-innovation index. The rediulisn applied regression and correlation analystetal eco-innovation
index and GDP point to the fact that GDP belongeetpfactors enabling effective eco-innovation saipg.

1 Introduction GDP growth. Within the long-term period it is redtto

The whole world economy is exposed to changdbe potential product growth [1].
associated with the world economy globalization. Mankiw et al. [2] presents that the growth of the
Nowadays, the success in the business environnsenteFonomy belongs to the substantial goals of ecamomi
strongly connected with innovations and it alsoligspo ~ Policy leading to population standard increase leiter
Slovakia. Moreover, it is really significant to wrdtand and more diverse consumption. Research, innovation,
that an innovative open society and knowledge are Ugiversity education and other factors, includiogistics .
condition of a modern economy. This is due to #ut fhat belong among the most important factors supporting
innovation affects present life as well as futuceasions Sustainable economic growth.
or living conditions interfering all life activite However, in recent times, it is not sufficient orty

Now, there is a strong emphasis on innovation &d innovate. The more importance is placed on thevation
importance is constantly increasing. A strong ersighis ~ Creation applied on the fundamentals of sustaiitybil
also placed on sustainability associated with ejosd Which represent eco-innovation. The EU [3] stattes it is
innovation. Effectiveness of innovation and effitie €ssential to apply eco-innovations which afford@asing
performance of organizations significantly depeodghe ~€nvironmental protection and the EU industry apiit be
skills and abilities of employees to create, desighapply Competitive, to introduce technologies, operatiams]
innovation, but on many other factors, too. Onthefmost business procedures using environmental source$ muc
influencing factors is the coronavirus COVID-19more effectively. _
pandemic that actually impacts our lives in variatsas. ~~ The Innovation Management introduces eco-

The pandemics negatively affected economic growtH)novation by innovation activities in the area of
as well as gross domestic product (GDP). Thereftie, Sustainable resources and used materials from the
paper is aimed to analyse the relation of perfommapf €nvironment, taking into account the increasing

eco-innovation in the Slovak Republic and its GDihw Significance of social and economic development][4-
regard to pandemic situation that significantlyeafs The eco-innovation performance across the EU Member

economic situation as well as |ogistics_ States illustrate Eco-Innovation Index. They aim at
capturing the different aspects of eco-innovation b

2 Eco-innovation and pandemics in context a@PPlying 16 indicators grouped into five dimensiogsso-
Wlth IOngthS Innovation |npUtS, eco-innovation activities, eco-

. JInnovation outputs, resource efficiency and socio-
The economic d?"e'opnf'e“t of NEw €economy I8:onomic outcomes. The Eco-Innovation Index shaws h
generally aimed at increasing the life quality @ i e jndividual Member States perform in different
population which depends mainly on the ECONOMYimensions of eco-innovation compared to the EUane
performance, on the GDP level as well as on thevigrin

| hi db . and presents their strengths and weaknesses. Tiie Ec
economy. Its growth Is represente y economic gian Innovation Index complements other measurement
The;y are. expressed n the elementary macr(_)econorglﬁproaches of innovativeness of EU countries amd &
variables increase over time. From the short-teointpof

oW, the economic arowth is measured with resteetal promote a holistic view on economic, environmeiaiadi
View, Ic9 : ured wi Stue social performance [8].
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As itis presented by Straka [9] the distributiogitics GDP are organized with regard to the selected enexini
provides the organizational, information and phgkic indicators. Then the correlation and regressiotyaizis
interface between the innovation process and reseult used in order to find out dependencies betweeh eéota
is associated with the significant role to arrattgemost innovation index and the gross domestic produciviito
appropriate way how to select, analyse and trahgpese “With regression we analyse the relationship among
sources within the innovation process based on tkariables. The dependent variable is denoted Y, the
principle of sustainable development and eco- iations. independent variable X. The variables will never be

Eco-innovation belongs to the issues discussedrwithperfectly related, so there is always an error t&amiation
the goals in the European Union (EU). It is solvéthin  from the regression line can be thought of as hptivo
the Eco-Innovation Action Plan (EcoAP) [10]. It & parts: explained variation, which is accountedtgrthe
significant integrant of all economic policies [12]. The independent variable, and unexplained variatiorichwis
extent of environmental issues and also challergjated unaccounted for by the independent variable. Thatart
to competitiveness within in individual global ecomes of the change in a variable is due to another bleithat
require higher care in the area how to recoverectirr we hypothesize, and part is due to other factors.
technological production as well as social patteofis In regression analysis we are concerned with whettee
behaviour. The situation is similar in Slovakia. relationship pattern between two values of vargbbn be

However, the question is how the state of ecadescribed as a straight line, which is the simast most
innovations in Slovakia will progress because tgldvas commonly used form.
well as our country is currently affected by the\GD-19
pandemic and modern production is not able to apera Y =a+ bX Q)
without completely organized material processingl an
transport, because they are the prerequisite fartitnal where:
logistics [13,14]. However, there is a question hbevstate Y is the dependent variable, measured in units ef th
of eco-innovation in Slovakia will progress becaiideas dependent variableX is the independent variable,
to face the problems caused by the COVID-19 pandemi  measured in units of the independent variable, and

Nowadays, the pandemic-related measures have causedand b are constants defining the nature of the
the closure of the largest automobile factorieSlovakia. relationship between the variabkésndY.

The automotive industry has become an importanineng a or Y-intercept (also known aént) is the value o¥ when
connected with the growth of the Slovak economy for X=0.

several years. Its significance also results floenfact that b is the slope of the line and it is known as thgression
it directly employs circa 120,000 people. coefficient and it is the change Yhassociated with a

After calculating the money that companies spertl an  one-unit change iX.
people engaged in the passenger cars productivalbas
number of participated occupations increase toQfuD, The greater the slope or regression coefficienthis,
Automobile production contributed up to 44% of theanore influence the independent variable has on the
Slovak industry and passenger cars export pre88ftsof dependent variable, and the more chang¥ associated
overall domestic exports last year. Slovakia haoire a with a change iX.
leader in the amount of produced cars per thousand The regression coefficient is typically more impott
inhabitants during previous years [15,16]. than the intercept from a policy researcher petspeas

This is the reason why we are interested in howehewe are usually interested in the effect of onealade on
facts influence eco-innovations in the Slovak Rdipub another” (Regression Analysis, 2019).

The paper’s objective is to evaluate eco-innovation Because visual examinations are largely subjectree,

Slovakia with regard to the GDP and current sibrain  need a more precise and objective measure to dfine

terms of logistics and the COVID-19 pandemic. correlation between the two variables. To quantifg
strength and direction of the relationship betwéen

3 Methodology variables, we use the linear correlation coeffitien

Subsequently  after the theoretical findings -
consideration, we have analysed the necessangwant Z("ls—;x)(yls—_”
information relating to the area of innovation asllvas r= Ty 2)

eco- innovation (total eco-innovation index) andfsDhe
considered data are acquired from the databaserserghere:
Eurostat  (2019) [17], European  Commissions ands, are the sample mean and sample standard deviation
Environment, Eco-innovation Action Plan, The Eco- of the x's, andy ands, are the mean and standard
Innovation Scoreboard and the Eco-Innovation Index deviation of the y’s,
(2019) [18]. n is the sample size is.
Relevant indicators from the point of view of the
applied analysis of the relation between eco-intiomaand
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This statistic numerically describes how strong théhe model. Values range from 0 to 1. Rhclose to zero
straight-line or linear relationship is between tlveo indicates a model with very little explanatory powesn R?
variables and the direction, positive or negative. close to one indicates a model with more explagator

In ANOVA, we patrtitioned the variation using sunfs o power [19].
squares so we could identify a treatment effecbegg to Finally, the inductive-deductive method presents
random variation that occurred in our data. identified results and resultant conclusions basedhe

The sums of squares and mean sums of squares famdings from prevenient analyses [8,17-20].
typically presented in the regression analysisafance
table. The ratio of the mean sums of squares fer tlf Result and discussion

regression and mean sums of squares for error dori- Taking into account the values related to eco-
test statistic used to test the regression model. innovation reached in 2018, Slovakia is one of the
The relationship between these sums of square dguntries whose eco-innovation index reaches rather
defined as level. Sweden, Finland, Germany and Luxemburg fgglon
to the best-rated countries. The Slovak Republiupies
Total Variation = Explained Variation + the eighth place within the group of countries witle
Unexplained Variation (3)  lowest eco- innovation index [20].

At present, from the perspective of the COVID-19

The larger the explained variation, is the bette t pandemic, Slovakia has applied actions which, fthe
model is at prediction. The larger the unexplainegbgistics point of view, meant closing importanteprises
variation, the worse the model is at prediction. Aor the country's economy (such as industrial @mises,
quantitative measure of the explanatory power wioa@lel  various services, etc.). As Bibel states, telecgerators
is R?, the Coefficient of Determination: have noticed decreased movement of people by 3086, a
some operators report a decrease in their clients
movements by as much as half [8] and accordindéo t
Google COVID-19 Mobility Report for Slovakia [21],
Figure 1.

Explained Vatiation
R = — e —— (4)

Total Variation

The Coefficient of Determination measures the perce
variation in the response variable (y) that is axgd by

Retail and recreation Transit stations

-82% , -61%

Grocery and pharmacy Workplaces

-89% mMen  -38% e

",

Parks Resicential

!

Figure 1 Google COVID-19 Mobility Report for Sloiak21]

These facts have a significant impact on the ecgnom Data from Eurostat [17] and the Eco-Innovation knde
of the Slovak Republic and therefore we have aldd8]are the basis for the correlation and regesanalysis
examined the relation of eco- innovations and GOP bwhich we carry out with the intention of finding totlne
means of regression analysis. dependence between total eco-innovation index @B G
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in the case of Slovakia. Table 1 presents the walue
calculated on the base of realized statisticalysisl

Table 1 Calculated values from statistical aneys
SUMMARY OUTPUT

Regression Testil

Multiple R 0.89023!
R Squard 0.79251°
Adjusted R Squad 0.72335°
Standard Err¢ 7.5545;
Observation 5
ANOVA
fogé(ejgi of sSc;JLT;r?sf S'\gig?l F-value Significance F
Regressio 1 652.985¢ 652.985¢ 11.4590¢ 0.04292¢
Residuz 3 171.214¢ 57.0715:
Total 4 82E.2
Coefficients Stgprcoi?rd t Stat P-value ng/y)/e(r lé%;())/e:r
Intercep -15(.764 63.356: -2.3796: 0.09765: -352.39:2 50.8643¢
Ecc-innovatior 2.61238¢ 0.77172° 3.38512. 0.04292¢ 0.1564: 5.06836¢

Source: authors' computation

At the beginning of the regression testing we hi@ve the null hypothesis. It means that the model hanbe
compute the correlation analysis. The calculatechosen correctly from which it follows that averagBP
correlation coefficient value is 0.890235. The elothe growth is dependent on eco-innovations.
value is to 1, the more positive correlation (defmrte) is We have also realized the regression analysis.
between measured variables. The value calculatedsby Regarding its results where Intercept-b0 equal®.76#,
indicates a strong relationship between GDP and ecme can assume that if the eco-innovation index w&ere,
innovations in the Slovak Republic. the average GDP growth would be -150.764 euros.

The R-Squared represents the value of the coefficie From the relation of the eco-innovation index to
of determination. Its calculated value is 0.7925After average GDP growth results that X Variable is 23822
multiplication this value by 100 it denotes thate th It means: If average GDP growth increases by 1&etio-
determined regression line specifies the varigbilit innovation index will increase by almost 3 pointdis
average GDP growth to 79%. Other factors refledtatement is statistically significant with resptxthe p-
unexplained variability and other unspecified effesuch value for the eco- index and average GDP growtterarh
as the influence of random factors. we have found out that its value is less than 0.05

Adjusted R-squared regards the quantity of estitchat€0.042929).
parameters and the number of measurements, tés. It Moreover, this part of our calculations also tak#e
recommended to determine the Standard Error ad amalaccount a 95% confidence interval for b0 and blhéf
possible. This analysis of the dependence betwken tverage GDP growth increases by 1%, the totaliadex
monitored variables (GDP and eco- innovationspaisied increases in the range from 0.15641 to 5.068368tpoi
out for the conditions of Slovakia. with the probability of 95%.

Another part of testing includes the analysis ofarece Results from the given calculations acknowledge the
(known as ANOVA). It allows us to test a null hypesis theoretical findings. Lisy et al. [1] presents thabnomic
which considers that the selected model to explagrowth signifies economic changes, which are exga@
dependency is not appropriate. An alternative Hypgis an increment of essential macroeconomic variables o
assumes the opposite statement. We applied thst Fote time. By presented calculations and their restiias been
evaluate this assumption. The significance value F proven there is dependence between the examined
0.042929< 0.05. Because the calculated value is lowgrarameters - average GDP growth and eco-innovation
than 0.05 ¢ - significance level) it denotes that we rejectndex [1].
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The confirmed assumptions are also presented by This fact is caused by their nature, because eco-
Mankiw et al. [2]. He considers that research, imiiobn  innovations present a selection of generally apjatp
(eco-innovation as well) and many others are siganit  materials. They are also associated with distrilouti
factors influencing as well as supporting sustdmabprocesses that require less energy, fewer natatatss,
economic growth. and complexly they do not burden the environment so

However, the results also point to the fact th&@P much [23]. It means that if we do not burden natvita a
growth would be -150,764 euros then eco-innovationtegative impact of human, it can make some positive
would reach 0. In the current situation accompabiethe changes through its own regenerative ability, which
closing of enterprises, representing the centrepiddhe practically also eco- innovations, realized by maitself.
Slovak economy, during the COVID-19 pandemic, this This is also confirmed by actual images from the
supposed to be a positive finding for eco-innovatiba Copernicus satellites from the European Space Agenc
recession occurs, economists currently estimateé thahere Sentinel-5P monitors air pollution aroundvieeld.
Slovakia's economy will decline by 6% on averagelie Recent satellite data show that in January anduepr
whole of 2020. The probability of a recession i$B@hen nitrogen dioxide pollution was significant. When
we are talking about a strong recession [22]. Ecaestrictive measures began to apply, the amourgasf
innovations based on the analysis would also bizegh began to decline, see Figures 2 and 3. Comparéigeto
during the recession or would remain at least 0. same period a year earlier, the current valuesrareh

lower [24].

Figure 2 View on Europe showing air-pollution befdaunching measures related
to the COVID-19 pandemic [24]

Figure 3 View on Europe showing air-pollution feayd later after launching measures related
to the COVID-19 pandemic [24]
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These facts point to the regeneration of eco-intiona

[

6]

based on natural resources to a certain extent. The

measures related to the COVID-19 pandemic haveagst

global logistics impact and are now we are moreided
on local logistics [25,26], which also positivelffexts eco-
innovation.

5 Conclusions

[

7]

This paper presents results of the evaluation ef el

development of eco-innovations in Slovakia in lielato
GDP and the current situation in terms of logistecesl

COVID-19 pandemic. With respect to the carried-out

analyses, we can state that:

» Slovakia is one of the countries within the Europea
Union, characterized by the low eco-innovation inde [9]

[10]

» GDP belongs to key factors enabling effective suppo

for eco-innovation.
» The failure of global logistics replaces local kt@is,
which is also a positive factor for eco-innovation.

These facts are significant mainly these days, evtrex

pandemic negatively affected economic growth, and
[11]

mutual relationship GDP and eco-innovation cancaffee
sustainable economic development of Slovakia irtithe
of a pandemic.
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