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Abstract

Prior research has primarily focused on how firm environmental behaviour affects firm
performance and eco-innovation, whereas the mechanisms involved in this relationship were
treated as a black box. This study steps back to focus on the reverse relationship between firms’
environmental behaviour and ‘general’ product innovations in Central and Eastern European
countries, which generally face low levels of consciousness about environmental issues.
Specifically, we focus on the Czech Republic, Estonia, Latvia, Lithuania, Poland, and Slovakia.
The results show that firms’ environmental behaviour acts in two ways and brings significant
differences between the considered countries. Surprisingly, the monitoring of energy
consumption helps increase firms’ chance to create more product innovation in lagging
countries, such as Slovakia and Poland, than in leading innovation countries, such as the Czech
Republic, Lithuania, and Latvia. Moreover, adopting measures of water management proved to
be a significant determinant of product innovation despite the fact that it is not often used. The
presented article contributes to the current state of knowledge in the areas of (i) determinants
of (eco-) innovation; (ii) ongoing discussion about the Porter hypothesis; and (iii) catching-up
literature dealing with (eco-) innovation in Central and Eastern European countries. In the final
section, practical contributions in the form of implications are presented.
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The double-edged role of firm environmental behaviour in the creation of product
innovation in Central and Eastern European Countries

1 Introduction

Strong environmental issues foster the awareness of sustainable development and the shift
towards a circular economy on the global agenda, and the role of firms in this relationship has
increasingly developed (Demirel & Danisman, 2019). Firms have changed their behaviours in
different ways to adapt successfully to social and environmental fitness and, more specifically,
to institutional legitimacy. This is understandable because environmental problems require
firms to (i) develop more innovative responses (Paulraj, 2009), (ii) improve green productivity
(Zhang & Vigne, 2021); (iii) enhance energy efficiency and cleaner production (Dauda et al.,
2021). In this context, firms have the ability to change their normative settings and generate
concrete actions through which they can influence the behaviour and engagement of other
stakeholders. Therefore, with respect to sustainability, business sectors prove to be (i) a catalyst
of or a barrier to environmental changes (Rauter et al., 2017); (ii) a part of the solution
addressing environmental degradation (Bischoff and Volkmann, 2018). Moreover, as firms’
movement towards sustainable development becomes more evident, they could find interesting
competitive opportunities in building their green images and reputations (Amores-Salvado et
al., 2014).

Following these arguments, unlocking the relationship between firms’ environmental behaviour
and competitiveness is crucial for contemporary business researchers, policymakers, and
practitioners (Papadas et al., 2019). Prior research has demonstrated the relationship among
firms® environmental behaviour, environmental innovation, and (environmental) regulations
(Yasir et al., 2020). The relationship between firms’ innovation activities and environmental
performance has also been confirmed (Mondéjar-Jiménez et al., 2015). However, to the best of
our knowledge, few studies have analysed the reverse relationship between firms’ recognition
of the importance of the environmental issues (environmental behaviour) and non-
environmental innovation. Such a reverse relationship could exist despite the fact that green
environmental management may not directly contribute to firm performance, but it is
intermediated through activity outcomes such as innovations (Shu et al., 2016).

The main motivation of this research is to explore whether a reverse relationship exists between
firms” environmental behaviour and product innovations in the countries of Central and
Eastern Europe (CEE), specifically the Czech Republic, Estonia, Latvia, Lithuania, Poland,
and Slovakia. These countries are seen as places where consciousness about environmental
issues is, compared to Western countries, lower and where regulation activities have become
much more important than in countries where environmental topics were recognized and
perceived by the general society (Horbach, 2016). This situation could be due to the fact that
low interest in environmental issues is historically rooted in some CEE countries which had to
deal with serious environmental burdens resulting from the neglect of the environment by the
communist regime, such as in the Czech Republic (Oprsal & Harmacek, 2019). Moreover,
general analyses of environmentalism within CEE countries have often been based on concepts
and models from Western countries, leading to CEE firms’ environmentalism efficiency
analysis assessments to be based on criteria developed specifically for the Western context. As
a result, CEE countries have been perceived as being in a perpetual state of catching up with
their Western counterparts (Jehlicka & Jacobsson, 2021).
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The paper contributes to both, theory and practice. From the theoretical perspective, we are
linking and developing different theoretical perspectives about the Porter hypothesis,
determinants of (eco-) innovation, and the literature and research on ‘catching-up’ CEE
countries. In comparison with prior research, our findings also contribute to a better
understanding of the reverse relationship between firms’ environmental behaviour and general
product innovations. From the practical perspective, since we consider the country factor in our
analyses, it allows us to open the debate whether CEE countries that are undergoing a similar
process of ‘environmental transformation’ are rather homogeneous or heterogeneous. This
finding is an important question for public policy makers. The use of several variables
expressing environmental behaviour also allows us to design specific practical implications for
firms in different CEE countries. These implications are aimed both at increasing firms’
environmental awareness and at achieving an environmental and economic win-win situation,
for example, by increasing energy efficiency.

The remainder of this study continues as follows. Section 2 provides the theoretical background
of this research and develops the research questions. Section 3 describes the research
methodology. The results are presented in Section 4 and discussed in Section 5, including
contributions of this study. Concluding remarks, directions of future research, practical
implications, limitations and future directions are presented in Section 6.

2 Literature review
2.1 Analysing firms’ environmental behaviour and its consequences for (eco-) innovation

This paper aims to combine different complementary theoretical perspectives — namely, the
rather recent debate about the most important internal and external determinants of (eco-)
innovation, the ongoing discussion about the Porter hypothesis (Porter and van der Linde,
1995), and the “catching-up literature” dealing with (eco-) innovation in CEE countries
(Sempere-Ripoll et al., 2020; Prokop et al., 2021; Swiadek et al., 2021). Prior research has
focused on various relevant topics regarding the overall research question of this study,
including potential relationships between firms’ environmental behaviour and (eco-) innovation
in relation to products and/or processes as well as firm performance.

The first reviewed complex of research focuses on different relationships between
environmental and economic firm performance. For example, Amores-Salvado et al. (2014)
showed that environmental innovations could help firms improve their efficiency, achieve cost
reductions, and meet the demands of consumers, which are sensitive to environmental factors,
for the case of Spanish metal firms. Yasir et al. (2020) investigated the relationship between
firms’ environmental orientation and environmental performance (resource usage, regulatory
compliance, stakeholder interaction, and productivity) for the case of manufacturing industries
in Pakistan. In addition, Andries and Stephan (2019) found that environmental engagement and
innovations could help firms improve their economic and financial performance by using a
survey and lagged annual account data on Flemish companies.

Another string of important studies focused on the relationships among environmental
regulations, firm research and development (R&D), and innovation, expressed as the Porter
hypothesis (Porter and van der Linde, 1995). For example, Lv et al. (2020) demonstrated that
the dynamics of environmental policy have an asymmetric impact on the general and
environmental innovation of oil and gas firms in Canada. Fang et al. (2020) confirmed the
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relationship between environmental regulation and firm innovation, expressed as a weak
version of the Porter hypothesis, in China between 2004 and 2009. The authors pointed out that
the financial constraint is an important channel that affects firm innovation.

This review of previous research indicates that the authors dealt with the issue of firms’
determinants of environmental behaviour as well as the impacts of these activities on the
innovation and performance of firms. In sum, scholars have previously proposed a variety of
terms to capture and describe firms’ general approaches to environmental issues (Menguc &
Ozanne, 2005). To structure these different approaches, Table 1 provides an overview of terms,
definitions, and perspectives on the issue of firms’ environmental behaviour and related issues.
We label firms’ implementation of environmentally friendly activities as firms’ environmental
behaviour. Consistent with this perspective, firms’ environmental behaviour, among other
factors, reflects firms® shift towards sustainability, involving activities such as setting
environmental targets, monitoring environmental burdens, and adopting measures of
environmental burdens.

Table 1 Overview of terms, definitions, and perspectives on firms’ environmental behaviour

Authors Term Definition Research sample | Findings
Menguc & | Natural Entrepreneurship, corporate | Australian NEO is related to:
Ozanne environmental social responsibility, | manufacturing e profit after tax and market
(2005) orientation (NEO) | commitment to the natural | firms share (positively)
environment e sales growth (negatively)
Hong et | Strategic  green | Long-term  activities to | Manufacturing SGO is more important for
al. (2009) | orientation (SGO) | produce environmentally | units of 24 | manufacturing firms in a highly
sound products and services | countries competitive market environment
Amores- Green Signal of environmental | Spanish metal | Positive  relationships  exists
Salvadd et | (environmental) commitment towards firm | firms between green image and:
al. (2014) | image key stakeholders e  firm performance
e environmental product
innovation
Jakobsen | Environmental Adoption of environmental | Norwegian firms | Positive  relationships  exist
& Clausen | mode objectives by the firm across industries between:
(2016) e environmental goals
e goals related to the product
and process development
Jiang et Green Green activities to pursue | Chinese firms | GEO positively influences
al. (2018) | entrepreneurial potential opportunities to | across industries environmental and  financial
orientation (GEO) | produce economic and performance
ecological benefits.
Aboelmag | Environmental Ability to satisfy | Chain hotels in | EOis related to
ed (2018) | orientation (EO) environmental and societal | United Arab | e eco-innovation
needs while meeting firms’ | Emirates e environmental supplier
economic goals. collaboration
e hotel performance
Gerstlberg | Strategic Potential relationship | Danish Firms’ strategic environmental
eretal. environmental between firms’ strategic | manufacturing goals have a significantly positive
(2019) firm goal environmental goals and | firms effect on their product innovation
innovation activities. activities
Zhou et Green Managerial practices | Chinese firms | Strategic and managerial
al. (2019) | management addressing  environmental | across industries innovation facilitate GM, which in
(GM) issues. turn mediates these effects on new
product performance

Previous studies confirmed that firms’ environmental behaviour and (eco-) innovation are
influenced by various external forces and that firms have to pay close attention to the respective
flows from different external sources. These flows include, for example, government policies,
the voices of competitors and customers, and the public interest. Such information flows from
external sources can also spur firms’ R&D activities and enable firms to engage in out-of-the-
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box thinking during the process of innovation creation (Shu et al., 2016). Therefore, the
question is what will happen if we step back, unlike the prior literature focused on firms’
environmental behaviour and eco-innovation (e.g., Jakobsen & Clausen, 2016), to focus on the
relationship between firms’ environmental behaviour and ‘general’ product innovations that are
not directly linked to environmental impacts.

2.2 Reverse relationship between firms’ environmental behaviour and innovation

Existing research confirming that firm environmental behaviour can be profitable leads to
another question — namely, whether firm environmental behaviour could help set the course for
higher overall firm innovation and performance. Moreover, some studies have proved that firm
environmental behaviour could positively influence both firm environmental and financial
performance. For example, Gerstlberger et al. (2019) demonstrated for a sample of 150 Danish
manufacturing companies with 10 or more employees that these firms’ strategic environmental
goals show a significantly positive interaction with their product innovation activities. Jiang et
al. (2018) proved this statement among a sample of 264 Chinese firms, showing that
environmentally oriented firms are keener to emphasize building the capabilities of absorbing
new environmental knowledge (R&D), which results in taking advantage of R&D and
producing environmental outputs. Moreover, Jakobsen and Clausen (2016) found that firms’
environmental mode influences their objectives and ambitions, both directly and indirectly,
when it comes to the development and implementation of new products and process.

Yet prior research also has some limitations. Some studies have yielded different, double-edged
results in their analyses of firms’ environmental behaviour and performance. For example,
Menguc and Ozanne (2005) confirmed the relationship between firms’ natural environmental
orientation and selected performance measures in the case of Australian manufacturing firms.
They showed that the higher-order construct of natural environmental orientation is positively
and significantly related to after-tax profits and market share. Yet they also demonstrated that
firms’ natural environmental orientation is negatively related to sales growth.

Shu et al. (2016) argued that previous research has primarily focused on how firms’ green
practice affects firm performance, whereas the mechanisms involved in this relationship were
treated as a black box. They stated that green management may not contribute to the firm
performance directly. Therefore, there is a need to analyse intermediate outcomes (innovation).
In this case, Shu et al. (2016) found the relationship between firm product innovation and green
management and showed that green management is more likely to lead to radical product
innovation than to incremental product innovation. According to Zhou et al. (2019), a two-way
relationship exists where firm innovation opens windows for green management firms’
strategies, practices, or management determination related to green business processes can
simultaneously trigger innovation. These authors examined three types of firm innovation
(strategic, managerial, and product innovation) and their respective relationships with green
management, considering several dimensions of environmental turbulence in the case of 303
Chinese firms. However, their study is limited because it uses only firms in China, which
represents an emerging economy with unique features; therefore, one should be cautious when
generalizing the findings of this study to other contexts. This can generally be seen as a
limitation of all of the previously mentioned studies, which often focused on specific countries
or industries.
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Based on the arguments summarized thus far, there is a need for additional multinational studies
analysing the relationships between distinct types of firm innovation and firm environmental
behaviour. Such a need includes, for example, studies exploring CEE countries that belong,
according to their innovation performance (expressed in Innovation Performance Scoreboard
developed by the European Commission, 2020), to the group of moderate EU innovators
(except Estonia - strong innovator). These countries are expected to have the greatest potential
for developing further innovation (Benetyte & Krusinskas, 2019). Moreover, these countries
have been associated with a lower awareness of environmental issues and, thus, lower
environmental performance in the past.

2.3 Research questions for the case of CEE countries

Despite the fact that the analysis of the linkages between environmental innovation and firm
performance is an important topic in the existing literature, a number of questions remain about
these relationships, specifically within transition economies in CEE (Przychodzen &
Przychodzen, 2015). These countries represent a group that can often be perceived as lagging
behind compared to, for example, Western European countries. Moreover, CEE countries are
associated with lower innovation performance, such as in the European Commission’s
European Innovation Performance Scoreboard measurements (Prokop & Stejskal, 2017). One
explanation for this association is that less attention has been devoted to organizations regarding
their strategic orientations and adopting innovation strategies under the conditions of
continuous institutional change and rapid economic development (Kallaste et al., 2019). In
addition, prior research pointed out other problems such as limited creation of social capital, a
lack of funds, or insufficient incentives to cooperate (Kotkova Striteska & Prokop, 2020).

Regarding firms’ and populations’ awareness of environmental issues and behaviours, CEE
countries (e.g., the Czech Republic, Lithuania, Romania, and Slovakia) have been characterized
as having a lower awareness of environmental problems in recent years (Horbach, 2016).
Therefore, the isolated ecological activity of firms within post-socialist countries (e.g., Poland
and Hungary) stemmed from economic reality rather than from applicable law and voluntary
choice of management (Przychodzen & Przychodzen, 2015). Excessively polluted soils, the
depletion of raw materials, and the lack of technology were some triggers of these activities.
Moreover, firms within CEE countries have often adopted ecologically responsive practices in
an effort to reduce costs through, for example, a reduction of material and energy use (Horbach,
2014). Therefore, the majority of CEE countries, unlike other EU member states, have scored
below average on the Eco-Innovation Observatory’s Eco-innovation scoreboard performance
in previous years (Loucanova et al., 2015). Similar results were also achieved by the Baltic
States (Estonia, Latvia, and Lithuania), which are also CEE countries. According to Melece
(2015), a number of factors contribute to the lags in terms of eco-innovation in the Baltic States,
such as the lack of specific policy measures aimed at promoting environmental innovation or
the absence of explicit eco-innovation policy strategy or environmental action plans.

In order to contribute to the current state of knowledge in the research examining the
relationship between firm environmental behaviour and innovation, consistent with Shu et al.
(2016) and Jakobsen and Clausen (2016), we aim to explore whether a reverse relationship
exists between firms’ environmental behaviour and product innovations in CEE countries —
namely, the Czech Republic, Estonia, Latvia, Lithuania, Poland, and Slovakia. To this end, we
define our first research question as follows:



226
227

228
229
230
231

232
233
234

235

236

237

238
239
240
241
242
243
244
245
246
247
248
249
250
251

252
253
254

255

256
257
258

259

RQ1: Is there a reverse relationship between firm environmental behaviour and the creation of
product innovations in the selected countries of Central and Eastern Europe?

Moreover, as previously stated, we express firms’ environmental behaviour as activities such
as setting environmental targets, monitoring environmental burdens, and adopting measures of
environmental burdens. Therefore, to better understand the current situation in CEE countries
and reveal how these activities affect product innovation, we define a second research question:

RQ:: How do activities belonging to the groups of setting environmental targets, monitoring
environmental burdens, and adopting measures of environmental burdens affect firms’ product
innovations in the selected countries of Central and Eastern Europe?

3 Methodology
3.1 Research sample

The World Bank’s Enterprise Survey (WBES) 2019 was applied for this study. WBES is an
international firm-level survey with a representative sample of an economy’s private sector
(The World Bank, 2021). It includes various topics focused on the business environment (e.g.,
performance measures, access to finance, infrastructure, competition, and others) and provides
data on enterprises in the manufacturing and service sectors using a global methodology that
includes standardized survey instruments and a uniform sampling methodology (stratified
random sampling). The underlying interviews are conducted with business owners and top
managers in formal (registered) firms with five or more employees. Firms’ accountants and
human resource managers can also get involved into the respective interviews to better answer
selected questions in the sales and labour sections of the survey (for more information, see
www.enterprisesurveys.org/en/methodology). WBES also contains a module on the green
economy that was used. It provides us with information on environment-related aspects,
management and the environment, environmental policy and regulation, and environmental
impact of the establishment. In total, 3,299 firms from six CEE countries were analyzed.

For the dependent variable, firms’> product innovation activity (whether or not the firm
introduced new or improved products or services) was chosen. The explained variable is binary
(1 indicates the answer is yes, 0 indicates the answer is no).

3.2 Independent Variables

Explanatory variables, shown in Table 2, are divided into three groups: setting environmental
targets, monitoring environmental burdens, and adopting measures of environmental burdens.
These are binary variables (1 indicates the answer is yes, 0 indicates the answer is no).

Table 2 Explanatory variables and their descriptions

. i Rel. Freg. (in %)
Group Variable Description Yes No
Over the last three years, did
Energy consumption this establishment have targets
. for energy consumption? 30.40 69.60
Setting
environmental targets Over the last three years, did
(Tan) this establishment have targets
COz2 emissions for CO, emissions? 6.30 93.70
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Over the last three years, did

Monitoring . - o
- . this establishment monitor its
environmental Energy consumption enlergy cor:sumption’> tort 56.81 43.19
burden (Mon) '
Air pollution control
measures 14.19 85.81
Energy management 26.10 73.90
Heating and cooling
improvements 37.86 62.14
Improvements to
lighting systems 48.14 51.86

Machinery and

i t d
. equipment Upgrades Over the last three years, did 5217 47.83
Adopting measures

this establishment adopt any of

of environmental More climate-f_riendly the following measures?
burden (Mea) energy generation on
: 11.73 88.27

site
Other pollution control
measures 10.25 89.75
Upgrades of vehicles 40.41 59.59
Waste minimization,
recycling and waste
management 5059 4941
Water management 1731 82.69

Following Jiang et al. (2018), we also involved control variables representing the firm’s age,
industry sector, and membership in a firm group (for more details, see Table 3). These variables
were also used by other studies. First, Sidorkin (2015) controlled for firm’s age in the study by
focusing on the impact of management quality on innovation input and output of manufacturing
firms in emerging countries, including Bulgaria, Lithuania, Poland, and Romania. Second,
Banerjee et al. (2003) dichotomized industries based on the different environmental impacts
and moderation effects in North America and proved that there are significant differences
between industries, such as competitive intensity or barriers to entry. Similarly, Alos-Simo et
al. (2020) point out that every industry can be affected by sector-specific factors (e.g.,
technology). Third, according to Prokop et al. (2021), creating long-term partnerships and
participation in firms’ groups proved to be important for innovative firms from CEE.

Because all explanatory variables are categorical (factors), each parameter ; in Eq. (1) and Eq.
(2) (see subsection 3.3) is represented by g-1 estimated parameters, where g means the number
of categories (levels) of corresponding explanatory variables. In this case, it is necessary to
specify the reference category of each variable. For dichotomous environmental variables, the
reference category is set to 0, which means that a company does not measure (monitor or target
on) the corresponding variable. A similar situation is the firm group membership variable,
where the reference category indicates non-membership. The remaining control variables, the
reference categories are manufacturing, less than 10 years, and the Czech Republic for the
variables Sector, Firm age, and Country, respectively.
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Table 3 Control variables and relative frequencies (in %) of corresponding categories

Rel. Firm Age Rel. Rel. Firm grou Rel.
Country Freq. (in earqs) Freq. Sector Freq. membgership Freq.
(in %) y (in %) (in %) P (inw)

Czech 14.79 less than 10 10.37 Manufacturing 31.74 Yes 74.39
Republic
Estonia 10.88 from 10 to 19 30.43 Retail 19.57 No 25.61
Latvia 10.85 from 20 to 29 42.92 Other services 48.69
Lithuania 10.82 over 29 16.28
Poland 39.74
Slovakia 1291

3.3 Model description

Because the explained (dependent) variable is dichotomous, a binary logistic regression model
is used. The general form of the binary logistic model is:

T

p
In = ﬂO +Zﬂjxij. (1)
j=1

1—7Ti_

The expression on the left side of Eq. (1) is often called logit, and r; = Prob[Y; = 1|x;] denotes

the probability that, for the i-th individual and given values of explanatory variables X;, ..., X,,,

the explained variable Y is equal to 1. According to Eq. (1) the probability =; has the expression:
exp(ﬁo + 25;1 ﬁjxij)

T = .

1+ exp (ﬂo + 25‘):1 ,[)’jxl-j)

(2)

An odds ratio OR is used to interpret the influence of the k-th explanatory variable X, on a
dependent variable Y and is given by:

Prob|Y = 1|X; = 1, Xy, ..., Xg—1, Xich 1, s Xp
<Prob Y = 01X = 1, Xy, o, X1, Xich 1) s X,
Prob|Y = 11Xy = 0,Xy, ..., Xg—1, Xic1, s Xp
<Prob Y = 01X, = 0,Xy, ., Xk—1, Xict 1, ...,Xp_>

S

= exp(By)- (3)

In this case, we assume that the explanatory variable X, is dichotomous and the other p — 1
explanatory variables may or may not be dichotomous. Therefore, the value of exp(f;) is the
estimated odds ratio OR between Y and X, when the values of the other p — 1 explanatory
variables are fixed. Details concerning the logistic regression model and its applications can be
found in, for example, Agresti (2002).

4 Results

We included all of the mentioned variables in the model (including the interaction between
explanatory environmental and control variables). We subsequently selected a subset of input
variables by reducing the full model (with all explanatory variables) in a stepwise fashion based
on the Akaike information criterion (AIC) introduced in Akaike (1973). The final model
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contains ten (main effects) variables, six environmental and four control variables, and two
interaction variables (see Tab 4).

Table 4 Estimated regression coefficients, odds ratios (including 95% confidence intervals) and corresponding p-values for

roduct innovations

Variable name Variable level | Coefficient OR Lower CI | Upper Cl | p-value | Sign.c.
Intercept -0.661 0.516 0.288 0.907 0.023 |*
Tar.: En. cons. 1 0.439 1.551 1.222 1.968 0.000 | ***
Mon.: En. cons. 1 -0.232 0.793 0.455 1.410 0.420
Mea.: Air poll. control mea. 1 -0.173 0.841 0.655 1.076 0.170
Mea.: Heat. and cool. imp. 1 0.191 1.211 1.004 1.459 0.045 |*
Mea.: Mach. and equip. upg. 1 0.480 1.617 1.340 1.951 0.000 [ ***
Mea.: Water management 0.259 1.295 1.029 1.629 0.027 |*
Country Estonia -0.515 0.597 0.302 1.180 0.137
Latvia 0.244 1.277 0.643 2.555 0.487
Lithuania -0.228 0.796 0.418 1.526 0.489
Poland -1.006 0.366 0.214 0.638 0.000 | ***
Slovakia -1.938 0.144 0.069 0.293 0.000 | ***
Firm age 10 to 19 years -0.318 0.728 0.547 0.971 0.030 |*
20 to 29 years -0.418 0.659 0.500 0.870 0.003 | **
over 29 -0.209 0.811 0.591 1.116 0.198
Sector Retail 0.080 1.084 0.853 1.375 0.509
Other services -0.218 0.804 0.658 0.982 0.033 |*
Membership 1 0.195 1.216 0.802 1.811 0.346
Mon.: En. cons. * Country 1: Estonia 0.746 2.109 0.993 4.489 0.052
1: Latvia 0.143 1.153 0.538 2.454 0.712
1: Lithuania 0.196 1.217 0.584 2.520 0.599
1: Poland 0.605 1.832 0.987 3.343 0.051
1: Slovakia 1.270 3.561 1.593 8.099 0.002 | **
Mon.: En. cons. * Membership | 1:1 0.612 1.843 1.149 2.995 0.012 |*

Signif. codes: “***’: p-value less than 0.001, “**’: 0.01, “*’: 0.05; “.”: 0.1

The final model included six variables expressing firms’ environmental behavior. The relative
frequencies of these variables are shown in Figure 1. The results in Figure 1 indicate that firms
in CEE countries pay the highest attention to (i) monitoring energy consumption and (ii)
adopting measures of machinery and equipment upgrades. However, the fact that firms mostly
monitor or adopt these variables does not necessarily mean that these variables most influence
the implementation of product innovations. This is clearly shown by the variable Mea: Water
management, which is not widely adopted by firms but is nevertheless significant in the model.
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Adoption of environmental variables
ENo =Yes

Tar.: Energy consumption 69,60%
Mon.: Energy consumption 43,19%
Mea.: Air pollution control measures 85,81%
Mea.: Heating and coolling improvements 62,14%

Mea.: Machinery and equipment upgrades 47,83%

Mea.: Water management 82,69%

0% 50% 100%

Figure 1 Adoption of environmental variables included in logistic regression model expressed in relative frequencies (in %)
of corresponding categories

Regarding the environmental targets, we can see in Table 4 that only the variable Tar: Energy
consumption is statistically significant, whereas the setting of this environmental target
increases the chance of product innovation by 1.55 times. Looking at Figure 2, where we show
the percentage of CEE firms performing product innovations, depending on the setting of
environmental targets, we can see that the setting of both environmental targets positively
influences product innovations. Unfortunately, a statistically significant effect of CO2 emission
targets in the logistic regression model has not been shown.

Product innovations

EYes ENo
100,00%
0,
76,31% S 71,01% 62,50%
50,00%
0,
23,69% ik 28,99% 37,50%
0,00%
No Yes No Yes
Tar.: Energy cons. Tar.: CO, emission

Figure 2 Percentage of firms performing product innovations depending on the setting of environmental targets

Concerning the monitoring of environmental burden, we can see that the variable Mon: energy
consumption is not statistically significant as the main effect, but in combination with the
variable Membership or Country its effect has been demonstrated. The percentage of firms
monitoring energy consumption depending on the Membership and Country variables is shown
in Figure 3 and Figure 4, respectively. We can see that members of firm groups monitor energy
consumption much more. Therefore, firms in CEE countries that are monitoring energy
consumption and are also part of a firm group have a significantly higher chance (almost by
1.85 times) of performing product innovation (see Table 4).
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Mon.: Energy consumption

mNo mYes

Membership 21,07% 78,93%

Non-membership 50,81% 49,19%

0% 50% 100%

Figure 3 Percentage of firms monitoring energy consumption depending on firm group membership

There are also significant differences in the number of firms that monitor energy consumption
between countries (see Figure 4). An interesting result is that, in Slovakia, where this number
is the second smallest, the monitoring of energy consumption significantly increases the chance
of firms to create product innovations (more than 3.5 times) compared with those that do not
monitor energy consumption or are from the Czech Republic (reference level).

Mon.: Energy consumption

mNo mYes

Czech Republic 15,16% 84,84%
Estonia 28,69% 71,31%
Latvia 21,23% 78,77%

Lithuania 35,57% 64,43%

Poland 62,70% 37,30%

Slovakia 52,35% 47,65%

0% 50% 100%

Figure 4 Percentage of firms monitoring energy consumption depending on country variable

The percentage of firms from CEE countries that are performing product innovations depending
on the monitoring energy consumption, which are shown in Figure 5, also demonstrate a
positive influence and support the acceptance of the research question.

If we focus on the variables associated with adopting measures of environmental burdens, we
can say that not all of them significantly affect product innovations. The most important and
statistically significant variables are Mea: Machinery and equipment upgrades, Mea: Water
management, and Mea: Heating and cooling improvements (see Table 4). We can see that all
these variables significantly increase the chances of the product innovations. The variable Mea:
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Machinery and equipment upgrades has the highest influence (1.6 times increased chance of
product innovation).

Product innovations
ENo mYes
100,00%
17,40%
38,74%
50,00%
82,60%
61,26%
0,00%
No Yes
Mon.: Energy consumption

Figure 5 Percentage of firms performing product innovations depending on the monitoring of energy consumption

The separate influence of these variables on product innovations is shown in Figure 6, which
shows that each of the measures has a positive effect on the implementation of product
innovations (i.e., its adaptation increases the percentage of firms implementing product
innovations in CEE countries).

Product innovations

mNo mYes
100,00%
0 23,46% 19,84% 0,
28,36% 36,54% 39,47% 38,41% 21,05% 41,33%
50,00%
. 76,54% 80,16% 72,95%
71,64% 63.46% 60,53% 61,59% 95% 58,67%
0,00%

No Yes No Yes No Yes No Yes

Mea.: Air pollution control Mea.: Heating and coolling  Mea.: Machinery and  Mea.: Water management
measures improvements equipment upgrades

Figure 6 Percentage of firms performing product innovations depending on the adapted measures

5 Discussion

Concerning the first research question of this study, if there is a reverse relationship between a
firm’s environmental behaviour and the creation of product innovations in the selected countries
of Central and Eastern Europe, the obtained empirical results are somewhat mixed.
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The first finding of this study with regard to this first research question is that firms in CEE
countries pay the highest attention to (i) monitoring energy consumption and (ii) adopting
measures of machinery and equipment upgrades, which is basically in line with the
international literature (Gerstlberger et al., 2014; Pace, 2016). These specific activity fields are
characterized by high potentials for environmental and economic win-win situations (e.g.,
Wang & Feng, 2021). For example, if a firm manages to considerably reduce its average energy
consumption, this typically leads to both positive environmental and economic effects, at least
in a more long-term perspective. In a similar way, waste minimization at the firm level usually
also implies a reduction of (raw) material cost as one consequence. This first empirical result
of this paper is in line with the Porter hypothesis (Porter & van der Linde, 1995), which is one
of the theoretical starting points of the paper.

At least partly surprising is the further finding of the present study that Mea: Water
management, although not widely adopted by the investigated firms, nevertheless proved
significant in the estimated regression model for product innovation. Water management is
considered crucial in addressing stakeholder issues, customer satisfaction, corporate reputation,
and institutional pressure (Weber & Saunders-Hogberg, 2018). Yet this kind of measure could
also be considered ‘low-hanging fruits’ (Bigliardi et al., 2012). These are activities that are
simple and often low in initial financial investments and showing fast results. However, in the
long-term perspective, it is more difficult for firms to implement additional (eco-) innovations,
because of requirements of various other, e.g. financial, resources.

Our second important finding refers to the demonstrated determinants of product (eco-)
innovations. Firms in CEE countries that are monitoring energy consumption and are also part
of a firm’s membership organization have a significantly higher chance (almost by 1.85 times)
of performing product innovation (see Table 4). Consistent with the study of Arranz et al.
(2020), a firm’s belonging to a group has a positive effect on the adoption of certain types of
innovation objectives, such as due to firms’ adoption of environmental quality standards,
management, and clean production processes. Moreover, participation in a firm group allows
the creation of long-term partnerships that help firms in CEE overcome innovation barriers
(Prokop et al., 2021).

Regarding the second research question of the present study, how do activities belonging to the
groups of setting environmental targets, monitoring environmental burdens, and adopting
measures of environmental burdens affect firms’ product innovations in the selected countries
of Central and Eastern Europe, the obtained empirical findings are consistent.

Concerning the setting of environmental targets, the setting of such targets positively influences
product innovations. This finding confirms, for example, the result of a recent study by
Gerstlberger et al. (2019) for Danish manufacturing companies with 10 or more employees,
which also found a significantly positive effect of firms’ (strategic) environmental goals on
their product innovation activities. This empirical finding of the present study demonstrates —
at least to some extent — an additional alignment of this study’s results with the Porter
hypothesis as one theoretical starting point of this investigation. Regarding the monitoring of
environmental burden, in the case of the product innovations model, the variable Mon: energy
consumption is not statistically significant itself, but in combination with the variable
Membership or Country, a significantly positive effect has been demonstrated.
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Taking all these single empirical results for the two research questions of this paper together,
our study contributes to something which could be called a ‘differentiated Porter hypothesis’,
with a focus on CEE countries. In general, the investigated companies in the considered CEE
countries went through a similar process of ‘environmental transformation’ as many
comparable firms in Western and Northern countries, but with a considerable time lag.

These results point out that Polish and Slovak firms are lagging behind the other firms from the
analysed CEE countries. In terms of product innovation, the Czech Republic and Latvia perform
best compared to the other considered CEE countries, especially Poland and Slovakia.

Considering the effects of firms’ environmental behaviour on product innovation, the results
show that the monitoring of energy consumption brings significant differences among the
considered CEE countries in the creation of product innovations and helps increase firms’
chances of creating product innovation. This is demonstrated primarily in the cases of states
that lagged behind the others — namely, Slovakia and Poland. Meanwhile, the lowest effects of
this variable occurs in the Czech Republic, Lithuania, and Latvia (i.e., in leading innovation
countries). Surprisingly, we found a significant difference between neighbouring countries (i.e.,
Slovakia and the Czech Republic), where firms in Slovakia that monitor energy consumption
significantly increase the chances of product innovation.

These results indicate that, from one perspective, the environmental behaviour of the considered
CEE countries increases the chances of product innovation within countries that lagged behind.
In contrast, this kind of behaviour may not lead to such significant effects in the case of
innovators who perform best in the creation of product innovation compared to other considered
CEE countries.

If we consider the effects of different sectors, firms operating in the manufacturing sector have
a higher tendency to perform product innovations. The manufacturing sector dominates mainly
compared to other service sectors. Regarding firm age, the respective results show that young
firms under the age of 10 years have a higher chance of creating product innovations than firms
that are older (both 10-19 years old and 20-29 years old).

Surprisingly, unlike the results for countries, we did not prove that the effects of environmental
behaviour influence product innovation in the studied sectors differently. The situation is
similar for the firm’s age.

6 Conclusion
6.1 Contributions of the study

Looking at the first and main research question of this study, if there is a reverse relationship
between firms’ environmental behaviour and the creation of product innovations in firms of the
selected CEE countries, overall positive results occur based on the findings of this study.

One main result and contribution of this empirical study focused on ‘catching-up’ CEE
countries regarding the second analysed research question is that firms’ activities belonging to
the groups of setting environmental targets/goals, monitoring environmental burdens, and
adopting measures of environmental burdens affect — mainly positively — firms’ product
innovations. In line with the Porter hypothesis and the still scarce literature about this specific
topic, this main finding shows that the investigated CEE firms have experienced a similar
transformation in recent years as many comparable firms in Western and Northern Europe.
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Another important finding of the presented research is that, beyond the already-mentioned
overall findings for the studied CEE countries, the firms in this group of nations are rather
heterogenous. Based on this result, the country factor proved to be more important than other
control variables, like industry and firm age.

These specific findings lead us, very directly, to the question of potential policy
recommendations of the presented research. For example, one could ask if there are relevant
policy differences between neighbouring countries like the Czech Republic and Slovakia on the
one hand as well as Estonia, Latvia, and Lithuania on the other hand.

From a theoretical perspective, this mainly policy-related question also refers to the underlying
question about how increasing the absorptive capacity and environmental awareness of firms
in the different analysed CEE countries could be supported while keeping an environmental
policy focus (Paliokaité, 2019). The specific policy recommendations in this direction, as
currently discussed, include grants for (i) employing managers with environmental background
and (ii) additional education and training related to environmental issues, which could increase
firms’ awareness of the need to implement environmentally friendly activities and innovation
(Hojnik & Ruzzier, 2016). Moreover, policy support to strengthen cooperation between firms
as well as both foreign and domestic R&D units and cooperation between domestic R&D and
foreign scientific institutes and enterprises is also recommended (Swiadek et al., 2021). This
cooperation could help overcome obstacles such as knowledge gaps and difficulties with
cooperation (e.g., between firms and scientific institutes). These activities can be further
supported by the participation of firms in the firm’s groups, including firms from Western
Europe. On the one hand, firms could easily access additional resources and benefit from the
reputation of the entire group. On the other hand, such participation may lead to the transfer of
the group’s perception of environmental issues to individual firms from CEE countries.

In order to gain a longer-term advantage and contribute to achieving environmental and
economic win-win situation, in line with our finding that firms in CEE countries pay the highest
attention to monitor energy consumption, we recommend firms to focus on increasing their
energy efficiency. Firms could realize this focus, for example, by integrating ICT tools into
their production that could (i) act as enablers for energy efficient manufacturing and (ii) help to
reduce energy costs and CO2 emissions (Bunse et al., 2011). According to Bunse et al. (2011),
firms’ ICT infrastructure could include various different systems to support their increase of
energy efficiency, such as manufacturing execution systems, product lifecycle management
systems, enterprise resource planning systems, and others.

6.2 Limitations and future directions

Furthermore, related to the assessment of the overall results of this study, we need to mention
the methodological limitations, such as the limited selection of investigated CEE countries and
environmental variables of dichotomous type only. The latter limitation is mainly due to the
fact that the data came from a relatively broad survey which did not focus only on
environmental issues. However, the use of data from a professional survey ensures the
representativeness of the data and justifies the use of the applied statistical methods. Due to
these limitations, our suggestions for future studies in the investigated research field refer to a
broader selection of included countries as well as possibilities for building up more
differentiated quantitative and/or qualitative data sets than the one applied in this study.
Subsequently, we recommend the application of a mix method approach.
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Considering the socio-economic and political specifics of CEE countries and the results of this
study, which indicate the occurrence of significant differences (heterogeneity) between
neighbouring countries, such as the Czech Republic and Slovakia, we recommend for future
research a deeper comparison of these countries (or among the Visegrad Group countries).
Referring to Hojnik et al. (2021), future research could also focus on firms’ dynamic capabilities
in CEE countries. The main argument for this suggestion is that firms that aim to achieve ‘green
transformation’ need to develop effective dynamic capabilities. These capabilities include, for
example, a change in current organizational design of firms by the alignment of firm activities
with constantly changing external environment.
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