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ABSTRACT:  
This paper aims to test a positive relationship between managers' support for innovative work 
behavior (IWB) and innovative performance (IP) of energy companies (EC), mediated by information 
sharing (IS) and teamwork climate (TWC).  
The sample consisted of 235 EC in Slovakia. Data analysis was carried out using the PLS-SEM 
method.  
The results show that support for IWB can be considered as a predictor of IP, as managerial support 
for employees' innovative behavior (IB) has a positive effect on firms' IP. However, its effect may be 
enhanced by the interaction of other factors. Transparency of communication and support for 
teamwork (TW) have positive effects on overall IP. Sharing information with employees and fostering 
a climate of TW become important tools for innovative management. Neither the manager's seniority 
nor the manager's age has a significant effect on the relationship examined. 
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1. Introduction 
 

Research on management in the energy sector (ES) is relatively limited compared 
to other sectors of the economy. The historical perception of the ES as a sector with 
significant state intervention and a rigid management mode persists. However, its strategic 
importance for the functioning of the economy is crucial, and it is fundamentally linked to 
the processes of the Fourth Industrial Revolution, which offer opportunities to innovate 
and development, but also place higher demands on the preparedness of managers. The 
energy crisis in the context of the military conflict in Ukraine and the development of the 
geopolitical situation make this requirement even more important. 

The need for innovation and implementation of innovative management 
approaches is becoming a necessity for all entities, not excluding the ES. Innovation, which 
is now a source of competitiveness in all sectors, is a function of rapid technological 
change, to which companies must respond flexibly. At the management level, this raises 
the need to create the right environment for the generation of innovation by encouraging 
IB among employees. 

EC operate in an environment with specific conditions. These include the 
specifics of the production process, increasing competitive pressures, rising prices, and the 
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policy decisions of governments and the EU in response to current global events. The ES 
is significantly affected by technological developments, which EC must keep pace with if 
they want to succeed in a highly competitive environment. This forces them to pay more 
attention to research and development activities and creates the need to define indicators 
that influence the innovation efficiency of EC (Hasan & Burkhardt, 2021; Mikhaylov, 
2018). Another common peculiarity of the ES is the labor market in this sector. The nature 
of the work requires a specific focus of workers, while at the same time there are relatively 
high demands on their expertise and specialization. Our assumption is that the results from 
the Slovak ES will be generalizable to other sectors, as well as to developed and developing 
countries. 

The current political situation as well as the Covid-19 pandemic have also 
highlighted other facts. Namely, that in crisis times, it is essential to look for novel 
approaches and solutions through innovation, which are both sustainable in the aftermath 
of the crisis and reflective of new conditions. These include the development of 
technology (Lezoche et al., 2020; Min et al. 2020), the electronic environment, social media 
usage (Thakur & Chander, 2018), employee demographics (Chand & Markova, 2019) 
coupled with a scarce labor pool (Lahdesmaki & Suutari, 2020), their various perspectives 
and approaches to the world of work, their lifestyles and their efforts to achieve work-life 
balance (Urbancova & Vrabcova, 2020), and many others. There is currently a significant 
research gap in this area, as existing studies only partially map managerial innovation 
processes in the ES. This is a long-standing problem, as already in 2017 Greco, Locatelli 
& Lisi drew attention to the fact that few scientific studies are dedicated to the topic of 
innovation in the ES. A search at the beginning of 2023 with the keywords "management" 
and "energy sector" on the Web of Science, with a restriction to the years 2018-2022 in 
the relevant categories Business/Management/Economics, yielded 170 papers. While this 
result may seem sufficient, further analysis shows that the dominant part of the sources is 
devoted to various subfields and that innovation management in the ES deserves more 
attention. 

Indeed, the ES is currently facing many challenges in the area of R&D. These 
include, among others, developing energy storage technologies or the decommissioning 
and decontamination of nuclear facilities (Greco, Locatelli & Lisi, 2017). So-called green 
innovations enable the creation of a sustainable society and facilitate economic 
development (Chen et al., 2020; Chen & Lin, 2020; Shen et al., 2020; Liu et al., 2021). The 
search for new energy sources, the increased use of renewables, and the efficiency of their 
use will necessarily be central to the sustainability and green transformation of developed 
and developing economies alike (Kijek et al., 2021). Therefore, innovation is the key to the 
continuous and sustainable development of EC (Wang, Lu & Sun, 2018). However, Geels 
(2004) points out that innovation in the ES follows a different trajectory than in other 
sectors. 

The importance of innovation in relation to increasing market share, profitability, 
and further growth of firms has been well researched (Acemoglu et al., 2018; Lynch & Jin, 
2016; Li et al., 2019). Innovation generation is a nonlinear but systematic process 
(Fagerberg, 2005) that requires reconfiguration of resources to develop novelty and 
creativity (Lichtenstein & Brush, 2001). However, changes in the environment have 
created the conditions for a transformation of the innovation process itself, as the unique 
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internal resources and capabilities of organizations are no longer sufficient to achieve 
sustainable competitive advantage (Kaya et al., 2020). While individual efforts are sufficient 
for simple innovations, complex innovations must be generated through TW (Huang & 
Li; 2009). 

Creating the conditions for the development of an innovative environment within 
the organization by promoting the IB of employees is fundamental for the IP of the 
company. This can be actively developed under conditions of access to information and 
sufficient information saturation. Formalized knowledge is the basis for innovation, but 
tacit knowledge is also crucial (Vinding, 2006). Openness to external knowledge is a key 
driver of innovation due to the combination of knowledge from various sources (Lacerda 
& Van Den Bergh, 2020). Successful innovation depends on the creation and integration 
of new knowledge, both technological, strategic and market knowledge. According to 
Garrone et al. (2014), international knowledge sharing is central to innovation processes 
in the ES. 

IWB and its effect on the IP of companies through the IS on objectives, policies, 
mission and innovational shifts with staff is the research gap that is the starting point for 
designing the research model of this study. This can be actively developed in conditions 
of TW, supported by the implementation of appropriate management tools. This study 
aims to investigate the impact of the fostering of innovative activities in EC on their IP. 
 
2. Theoretical Background and Hypothesis Development 
 

This section of the paper is divided into theoretical knowledge of individual 
variables, their interrelationships, studies of specific variables specifically in the ES, and 
then hypothesis formation. 
 
2.1 Innovative performance 

Although the IP of firms has been studied relatively extensively, the debate on its 
generally accepted indicator or common set of indicators is still ongoing. Jiang & Li (2009) 
define IP as the contribution made by product and process innovation to the performance 
of the firm. In general, firms are involved in three types of innovation activities. 
Specifically, research and development, patents (numbers and citations), and the creation 
of new products and services (new within the firm or new on the market) are all regarded 
as indicators of firm IP (Hagedoorn & Cloodt, 2003). The latter is then reflected in the 
launch of technologically new products developed by the firm, the frequency with which 
old products are replaced by others that have undergone significant changes, and also the 
share of technologically new or enhanced products in the firm's sales (Cabello et al., 2011). 
It is also appropriate to monitor the speed of introduction of new products, the operating 
costs of new products, the revenue generated from the sale of new products, and to 
compare the company's market share of new products with its competitors over the past 
three years (Han & Li, 2015; Roberts & Grover, 2012; Wu et al., 2007). 

A well-established measure of innovation activity is patent data, which has 
advantages over alternative measures such as the number of R&D employees (Griliches, 
1990; Braun et al., 2011). However, there are limitations because not all innovations are 
patentable. At the same time, not all patented inventions are actually applied in the market, 
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so they do not fully reflect the value of innovation (Albino et al., 2014). As the number of 
patents only reflects the quantitative aspect of innovation, Jiang & Li (2009) also consider 
patent citations or the number of new product announcements as appropriate indicators.   

In the context of the ES, Braun et al. (2011) point out that methodological issues 
and questions remain regarding the appropriate way to measure innovation in green or 
climate change mitigation technologies. Hu et al. (2018) attempt a general breakdown of 
the types of energy innovation indicators. They recommend assessing inputs (the tangible 
and intangible resources put into the energy technology innovation process), outputs (the 
desired outcomes generated from the inputs at different stages of the innovation chain), 
and outcomes (the broader socioeconomic and environmental impacts of these energy 
technology innovation outputs). In the context of achieving IP, Corchuelo Martinez-Azúa 
et al. (2020) draw attention to the role of business management along with the need for it 
to react dynamically to environmental changes. 
 
2.2 Innovative work behavior 

The innovative activity of individuals is crucial for the IP of an organization. 
According to Kanter (1988), it refers to the production or adoption of useful ideas and 
their implementation; later, the definition was extended to include not only employee 
behaviors aimed at generating ideas, but also management behaviors related to supporting 
their implementation (De Spiegelaere et al., 2014; De Jong & Den Hartog, 2010). Problem 
exploration, idea generation, idea pursuit and implementation of innovative ideas are all 
part of IB (Niesen et al., 2018; Bos-Nehles et al., 2017). Employees work beyond the 
routine performance of tasks, search for the latest solutions, pursue new ways to achieve 
goals, and secure resources to support their original ideas. IWB involves thinking more 
holistically, seeking opportunities, exploring potential risks, and looking for ways to 
eliminate them (Masyhuri, Pardiman & Siswanto, 2021; Afsar, 2016). 

IWB involves multidimensional and multistep activities (Shipton et al., 2005) that 
help organizations address new challenges in complex environments (Scott & Bruce, 1998) 
and play a critical role in the long-term survival and competitive advantage of all types of 
organizations (Negassi et al., 2019). High-performing organizations therefore value and 
strongly encourage IWB among their employees (Hirst, Van Knippenberg & Zhou, 2009). 
Conducted studies show that there are several tools for the organization to support IWB 
by management, including motivation (Radaelli et al., 2014), IS (Radaelli et al., 2014), work 
autonomy (De Spiegelaere, Van Gyes & Van Hootegem, 2016), self-efficacy (Nisula & 
Kianto, 2016), work ethic (Mussner et al., 2017), as well as culture (Tsegaye, Su & Malik, 
2019). 

The study of factors directly related to IWB in the corporate environment has 
been the subject of much research. Its impact on firm performance (Almaududi Ausat et 
al., 2022; Shanker et al., 2017), product and service quality (Exposito & Sanchis-Llopis, 
2019), and sustainability (Lin et al., 2020) has been demonstrated. The results suggest that 
employees' innovation activities, in various forms, directly affect the performance 
outcomes of the firm. On the other hand, the results of previous studies confirm that a 
firm's IP is related to the way it uses human capital (Cabello et al., 2011), intellectual capital 
(Han & Li, 2015), structural and relational capital (Ur Rehman, Aslam & Iqbal, 2021), and 
its approach to human resource management (Cabello et al., 2011). Thus, it is directly 



                                            N. Jankelová, J. Mišún, Z. Joniaková                                                131 

© 2024 The Authors. Journal Compilation    © 2024 European Center of Sustainable Development.  
 

influenced by the employees themselves and the way the employer harnesses their 
potential. 

Unfortunately, IWB in the ES has received little attention in academic literature, 
often because of the assumption that EC tend to be less innovative (Kastner & Rudolph, 
2022). One of the few examples is a study by Piwowar-Sulej, Austen & Iqbal (2023), where 
the authors found that environmental management support positively moderates the 
relationships between green human resource management and green extra-role behaviors 
and IWB. 

Based on the above relationships, we hypothesize that IWB is related to IP and 
formulate the main hypothesis as follows: 

 
Hypothesis 1 (H1). We hypothesize that the promotion of IWB will be positively related 
to the IP of the ES companies. 
 
2.3 Information sharing 

IS refers to the extent to which an organization communicates information about 
its financial situation, policies, goals, and changes to its employees (Aragon-Correa, Martin-
Tapia & Hurtado-Torres, 2013). It is a tool that promotes individual and team 
performance through timely and regular communication of current issues and facts 
relevant to the organization, and the exchange of ideas, suggestions, and expertise with 
each other (Vos & Buckner, 2015). According to the findings of Radaelli et al. (2014), there 
are three mechanisms that link an individual's IS behavior to his or her own IWB. The first 
is the direct effect, where knowledge recombination occurs during IS, which facilitates 
innovation. For the indirect effect, IS creates social conditions for innovation, and the 
distal effect, where the antecedents of knowledge sharing also promote innovation. 

Gibson et al. (2007) highlight the significant impact of IS on firm performance, 
which, according to Aragon-Correa, Martin-Tapia & Hurtado-Torres (2013) is more 
pronounced in uncertain environments and in environmentally oriented firms. IS is a 
crucial activity in the firm since, if knowledge sharing between teams is insufficient, 
individuals' cognitive resources are not fully utilized. This, in turn, is associated with the 
danger of declining individual and team performance (Srivastava, Bartol & Locke, 2006). 

Implementing changes associated with introducing of innovation in the firm is 
conditioned by employee awareness (Pfeffer, 2010). Hu et al. (2018) and Aragon-Correa, 
Martin-Tapia & Hurtado-Torres (2013) highlight a direct link between IS promoting 
practices and business innovation. Yasir et al. (2021) find that IS has a significant positive 
relationship with IWB, with functional flexibility and psychological empowerment acting 
as mediators in their relationship. When the willingness to share information and 
knowledge becomes part of the organizational culture, it has a significant impact on the 
innovation capabilities of both teams (Akhavan & Hosseini, 2015) and organizations 
(Podrug, Filipovic & Kovac, 2017). 

In the ES, research on IS is very scarce. When authors have addressed the topic, 
the term is used more in the context of cybersecurity (e.g., Wallis & Leszczyna, 2022 or 
Kaufmann et al., 2015). 
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Since previous research, general or focused on industries other than energy, has 
confirmed that IS directly supports firm performance and is also directly related to IB, we 
assume that IS plays a mediating role in the relationship between IWB and IP. 
 
Hypothesis 2 (H2). We hypothesize that fostering IWB is related to the IP of energy 
firms through IS. 

 
2.4 Teamwork climate 

TWC is a perceptual measure that reflects employees' perceptions of collaboration 
(Weng, Kim & Wu, 2017). TWC is useful for measuring TW culture, which is otherwise 
difficult to quantify (Zohar & Hofmann, 2012; Ginsburg & Bain, 2017), and as a tool it is 
the source of several positive effects (Zaheer et al., 2018). It contributes to both employee 
performance (Bogan & Dedeoglu, 2017) and organizational performance (Ali, Lei & Wei, 

2018; Cizmaș et al., 2020). It is also an important predictor of safety outcomes (Zaheer et 
al., 2018). 

TWC promotes communication and mutual trust in the workplace (Nedkovski et 
al., 2017), is positively related to job satisfaction (Abdolshah et al., 2018; Proudfoot et al., 
2007), loyalty (Guillon & Cezanne, 2014), employee burnout (Bowers et al., 2010) and 
turnover rates (de la Torre-Ruiz et al., 2017; Schreurs et al., 2015). According to Yoo, 
Chung & Oh (2021), TWC can be influenced by communication climate and horizontal 
informal communication, showing its link to information flow.  

The extent to which TWC is related to innovation is still a subject of research (Fay 
et al., 2014) and is often associated with innovation at the firm level as a whole (Jiang et 
al., 2012). 

In the ES, the TWC is still understudied, and the Web of Science Core Collection 
database does not contain any papers of the article, review article, or early access type, 
regardless of the year of publication. 

Given the research conducted on the effect of TWC in supporting the 
implementation of different changes in a firm and its ability to positively influence overall 
performance (Hong et al., 2019; Chen et al., 2019; Lamberti et al., 2020), we tend to believe 
that TWC can positively influence the effect of IWB on IP. 

 
Hypothesis 3 (H3). We hypothesize that fostering IWB through a climate of TW is 
positively related to the IP of energy firms. 

 
Since our selected variables do not operate independently in the social system of 

the firm, we also assume and investigate their joint action in the relationship between IWB 
and IP. 
 
Hypothesis 4 (H4). We hypothesize that fostering IWB is positively related to the IP of 
EC through a TWC and IS. 

 
Thus, the objective of our research is to verify a positive association among 

managerial commitment to IWB and the IP of EC, mediated by IS with employees in the 
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firm and the TWC. Figure 1 shows the model used to test the relationships between the 
variables. 
 

 
Figure 1: The mediation model and the four tested hypotheses 

 
3. Materials and Methods 
 

The data were collected by means of a questionnaire survey among companies 
operating in the ES in Slovakia in the period from May 1 to July 7, 2022. The companies 
for the research were selected from the FINSTAT database on the basis of their business 
activity in the ES (at the beginning of 2023, the total number of companies in the sector 
was 1601). Managers of more than 1,200 companies were contacted by e-mail to take part 
in our research. The email explained the purpose and provided a link to a questionnaire 
created in Google Forms. By filling out and returning the questionnaire, they consented 
to the use of their data. The response rate was 19.58%. 

A total of 235 responses were received from managers at different levels of 
management (mean=0.238, SD=0.586, min=0-lower management, max=2-top 
management) in with a mean age of 45.24 years (min=28, max=64, SD=9.89), mean 
experience in management position of 9.05 years (min=1 year, max=16 years, SD=10.51). 
Of the 235 managers, 77% were male and 23% female, 81.5% of respondents had a 
university degree. The enterprises in which the research was conducted were both joint-
stock companies/Inc. (60.4%), limited liability companies/Ltd. (34%) and other forms 
(5.6%-contributory organizations, budget organizations, state-owned companies, 
cooperatives). The companies were evenly distributed geographically in the individual 
regions of Slovakia. 
 
3.1 Measurements 

In addition to identification data, a set of 24 indicator variables were included in 
the questionnaire (Table 1). It was presented to the respondents in Slovak language. Since 
the standardized measurement instruments used are not available in this language, we 
checked the semantic equivalence by reverse translation prior to instrument 
administration. Experts in both languages translated the questionnaire into Slovak and 
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back into English. We rephrased the items for which semantic inconsistency was found. 
The statements were formulated in short and simple sentences. In order to avoid general 
methodological bias, which is a very frequent and critical problem in surveys, the scales of 
some of the responses were randomly shuffled, mixed, or reversed, and the questionnaire 
was divided and each section was presented in a different context so that respondents 
would not be influenced by their previous answers and their perception of the results. An 
indicator of contamination of the model by common method bias is also the VIF indicator, 
for which the collinearity statistic was used. For all variables, the VIF value was equal to 
or less than 3.3, from which we conclude that our model can be regarded as free from the 
usual method bias. 

A variable created by Cabello et al. (2011) was used to measure IP (innovative 
performance). It includes 3 items focusing at 1) the launching of (fully or partially) 
technologically new products designed by the firm, 2) the frequency of replacing outdated 
products with new ones that have been significantly modified, and 3) the share of 
technologically new or improved products in the firm's sales. We used a five-point scale 
ranging from a minimum of one (less than the competition) to a maximum of five (more 
than the competition). 

IWB has been measured by a 10-item measure adapted from the study by de Jong 
& den Hartog (2010). Respondents were requested to report the frequency with which 
they engage in the behaviors listed in the questionnaire. There were items for all three 
dimensions - generating ideas, championing ideas, and implementing ideas. A 5-point scale 
was used (1=never; 5=very often). 

IS was measured by a 5-item construct adapted from Ketokivi & Castaner's (2004) 
study. Participants expressed their agreement or disagreement with items about sharing 
general information and communicating company priorities to employees. We used a five-
point scale (1-5) ranging from strongly disagree to strongly agree. 

TWC has been measured using a 6-item scale abstracted from the Safety Attitudes 
Questionnaire (Sexton et al., 2006). Participants expressed their agreement or 
disagreement with items about the perceived quality of cooperation among employees. A 
5-point scale was used (1=strongly disagree; 5=strongly agree). 
 
Table 1: Latent variable categories and descriptors 

Innovative performance Innovative work behavior 

IP1 – Launching technologically new products 
developed (wholly or partially) by the firm. 
IP2 – Frequency with which old products are replaced 
by new ones that undergo significant changes. 
IP3 – Share of technologically new or improved 
products in firm sales.  

IWB1 – Do your subordinates often give 
attention to problems outside the scope of their 
everyday work? 
IWB2 – How frequently do your subordinates 
have questions about how things can be done 
better? 
IWB3 – How frequently do your subordinates 
seek out new techniques, work methods, or 
tools? 
IWB4 – How frequently do your subordinates 
come up with original solutions to issues? 
IWB5 – How frequently do your subordinates 
find new ways to accomplish tasks? 

Team work climate 

TWC1 – If they don't understand something, all team 
members are welcome to ask questions. 
TWC2 – Employees get the support they need from 
other employees to perform. 
TWC3 – In our company, employee contributions are 
perceived positively. 
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TWC4 – Disagreements within the team are handled 
appropriately, not about who is right or wrong, but 
about doing the best job possible. 
TWC5 – Regardless their functional position, team 
members collaborate as a cohesive team. 
TWC6 – Being critical when employees perceive 
performance problems is not difficult in our business. 

IWB6 – How frequently do your subordinates 
get key organizational members excited about 
innovative ideas? 
IWB7 – How frequently do your subordinates 
try to persuade others to back an innovative 
proposal? 
IWB8 – How frequently do your subordinates 
systematically incorporate innovative proposals 
into the way they work? 
IWB9 – How frequently do your subordinates 
participate in implementing new ideas? 
IWB10 – How often do your subordinates make 
an effort to develop new things? 

Information sharing 

IS1 – Management regularly communicates important changes to employees.  
IS2 – Management keeps subordinates regularly informed of general policies and goals. 
IS3 – Management communicates regularly with subordinates about how the firm's performance is 
measured, and the results achieved.  
IS4 – Management informs subordinates regularly about the department's plans.  
IS5 – Management informs subordinates regularly of the standards required to perform their jobs.  

 
3.2 Data analysis 

Data were analyzed using partial least squares structural equation modeling (PLS-
SEM) (Hair et al., 2014) conducted in SmartPLS 3.0 software. It is an effective tool for 
measuring relationships between selected constructs and for testing multiple hypotheses 
concurrently under both indirect and direct effects in systems that are complex (Ringle et 
al., 2018). Reasons for choosing this method include the relatively small sample size (235), 
the study's focus on the prediction of dependent variables, and the utilization of latent 
variable scores for the purpose of prediction. 

 
4. Results 
 

The results are divided into two parts. The first is the verification of the 
measurement model's reliability and validity, and the second is the analysis of individual 
paths and hypothesis testing in the structural model. 

 
4.1 Measurement model 

The results of reliability and validity of the model are presented in Table 2. The 
reliability requirement is met. To ensure that the standardized loadings were all greater as 
0.70 (Chin, 2009), we excluded the variables TWC1, TWC4, IWB1, IWB2, IWB6, IWB7 
from consideration. The internal construct reliability requirement was met because the 
Cronbach's alpha values were above 0.70 and below 0.95 (Hair et al., 2017), the composite 
reliability (CR) values were greater than 0.70 and less than 0.95 (Ringle et al., 2018), and 
the rho_A variable was also satisfactory because it was between the Cronbach's alpha and 
CR values (Ringle et al., 2018). 

Convergent validity is met. The AVE (average variance extracted) value in our 
model exceeds the 0.5 level (Chin, 2009) for two constructs. This means that, on average, 
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the construct explains at least 50% of the variance of its item. It is very close to 0.5 for 
two constructs (IWB and TWC). 

The requirement of discriminant validity is met. We measured it using three 
instruments, namely the traditional Fornell-Larcker criterion, the HTMT criterion, and 
cross-loadings (Ringle et al., 2018). 
 
Table 2: Loadings, reliability, and validity 

 
Construct/ 
Indicator 

Factor 
loading 

CR rho_A Cronbach´s 
alpha 

AVE 

IP  IP1  0.891  0.905  0.849  0.843  0.761  

IP2  0.875  

IP3  0.850  

IS  IS1  0.824  0.917  0.905  0.888  0.688  

IS2  0.833  

IS3  0.868  

IS4  0.812  

IS5  0.808  

IWB  IWB1  0.326  0.891  0.884  0.865  0.459  

IWB2  0.658  

IWB3  0.723  

IWB4  0.749  

IWB5  0.719  

IWB6  0.646  

IWB7  0.648  

IWB8  0.751  

IWB9  0.706  

IWB10  0.739  

TWC  TWC1  0.515  0.852  0.819  0.796  0.494  

TWC2  0.732  

TWC3  0.749  

TWC4  0.671  

TWC5  0.762  

TWC6  0.758  

 
Fornell-Larcker criterion was used to assess discriminant validity. Square root of 

the AVE for the construct was greater than the interconstruct correlation. The heterotrait-
monotrait ratio of the correlations was also used to assess discriminant validity. All values 
are below the threshold value of 0.90 (Henseler, Ringle & Sarstedt, 2015). We also 
performed cross-loading, in which we checked the loading factors on the parent 
constructs. We find that discriminant validity is established (see Table 3). We do not report 
cross-loading values due to the large amount of data. 
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Table 3: Discriminant validity 

Fornell-Lacker criteria HTMT Ratio 

 IP IS IWB TWC  IP IS IWB TWC 

IP 0.872    IP     

IS 0.375 0.829   IS 0.418    

IWB 0.277 0.154 0.677  IWB 0.312 0.159   

TWC 0.309 0.679 0.221 0.703 TWC 0.357 0.787 0.265  

 
4.2 Structural model 

The structural model used to test the hypotheses is evaluated on the basis of 
predictive ability and predictive relevance. Model goodness is assessed by the strength of 
every structural path, which is determined by the value of R2 of the dependent variable, 
and the value of R2 shall be greater than or equal to 0.1 (Bernal-Conesa, Briones-Penalver 
& Nieves-Nieto, 2017). The predictive relevance of the endogenous constructs is assessed 
by the value of Q2, and a value greater than 0 indicates predictive relevance of the model. 
Table 4 shows that predictive ability and predictive relevance are established. Model fit 
was evaluated by SRMR and its value was 0.065. The values of SRMR are supposed to be 
equal to or less than 0.100 in order to indicate an acceptable model fit. 
 
Table 4: Predictive capability, predictive relevance, SRMR 

R Square Model Fit Construct Cross validated Redundancy 

  R 
Square 

R 
Square 

Adjusted 

IP  0.192  0.181  

IS  0.024  0.020  

TWC  0.049  0.045  

  

   Saturated 
Model 

SRMR  0.065  

d_ULS  1.250  

d_G  0.388  

Chi-
Square  

517.351  

NFI  0.802  
 

   SSO SSE Q² (=1-
SSE/SSO) 

IP  705.000  609.527  0.135  

IS  1175.000  1167.246  0.007  

IWB  2350.000  2350.000    

TWC  1410.000  1381.961  0.020  

  

 
The direct and indirect effects, path coefficients, and other related values (STDev, 

T-statistics, p-values) are listed in Table 5, and the empirical model is shown in Figure 2. 
 
Table 5: Path coefficients, total, direct and indirect effects 

direct effect – H1: supported 

  Original 
Sample (β) 

Sample 
Mean (β) 

Standard 
Deviation 

T 
Statistics 

P 
Values 

IWB -> IP  0.297  0.315  0.047  6.272  0.000  

mediation of IS between IWB and IP – H2: supported 

  Original 
Sample (β) 

Sample 
Mean (β) 

Standard 
Deviation 

T 
Statistics 

P 
Values 

IWB -> IP (total 
effect)  

0.292  0.304  0.053  5.458  0.000  

IWB -> IP (direct 
effect)  

0.239  0.249  0.056  4.282  0.000  
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IWB -> IS -> IP 
(indirect effect)  

0.052  0.055  0.025  2.096  0.037  

IS -> IP  0.338  0.337  0.063  5.374  0.000  

IWB -> IS  0.155  0.167  0.075  2.073  0.039  

mediation of TWC between IWB and IP – H3: supported 

  Original 
Sample (β) 

Sample 
Mean (β) 

Standard 
Deviation 

T 
Statistics 

P 
Values 

IWB -> IP (total 
effect)  

0.286  0.297  0.053  5.394  0.000  

IWB -> IP (direct 
effect)  

0.238  0.248  0.057  4.150  0.000  

IWB -> TWC -> IP 
(indirect effect)  

0.048  0.049  0.021  2.274  0.023  

IWB -> TWC  0.180  0.187  0.073  2.463  0.014  

TWC -> IP  0.267  0.269  0.070  3.802  0.000  

mediation of IS and TWC between IWB and IP – H4: supported 

  Original 
Sample (β) 

Sample 
Mean (β) 

Standard 
Deviation 

T 
Statistics 

P 
Values 

IWB -> IP (total 
effect)  

0.285  0.299  0.056  5.059  0.000  

IWB -> IP (direct 
effect)  

0.227  0.237  0.062  3.639  0.000  

IWB -> IP (total 
indirect effect)  

0.058  0.063  0.026  2.262  0.024  

IWB -> TWC -> IP 
(indirect effect)  

0.014  0.014  0.020  0.709  0.479  

IWB -> IS -> IP 
(indirect effect)  

0.044  0.048  0.025  1.737  0.083  

IS -> IP  0.288  0.287  0.083  3.465  0.001  

IWB -> IS  0.152  0.167  0.069  2.201  0.028  

IWB -> TWC  0.180  0.192  0.077  2.355  0.019  

TWC -> IP  0.078  0.085  0.095  0.827  0.409  
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Figure 2: The empirical model of the study 

 
Hypothesis 1 was that there is a positive relationship between IWB and IP. 

Hypothesis 1 is supported by the findings of a positive relationship and statistical 
significance. The direct effect was significant (β=0.297, t=6.272, p<0.05). Support for IB 
of employees is directly related to the growth of IP of the firm.  
Next, we focused on examining the mediating effects of IS and TWC variables in the 
relationship. All three hypotheses (H2, H3, and H4) were supported. The mediation effects 
are presented in Figure 3. 
 
 

3A) Mediation through TWC 3B) Mediation through IS 3C) Mediation through IS and 
TWC together 

 

 

 

Figure 3: Mediation effects 

The direct effect is β=0.239 and the indirect effect is β=0.052 (in percentage 
terms, the direct effect is 82% and the indirect effect is 18% of the total effect) in 
Hypothesis 2, which is based on the effect of IS as a mediator. In Hypothesis 3, where the 
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mediator is TWC, the situation is almost identical: the direct effect is β=0.238 (thus 
comparable to IS) and the indirect effect is β=0.048. In percentages, the direct and indirect 
(17%) effects of TWC mediation account for 83% and 17% of the total effect, respectively.  

There is equal support for Hypothesis 4 regarding the effect of both mediators 
(IS and TWC). With a total effect (0.285), their indirect effect is significant.  The direct 
effect share (0.227) is 80% and the indirect effect share (0.058) is only 20% (of which 76% 
is due to the transmission through the mediator IS and 24% to the transmission through 
the TWC). 
 
4.3 Moderation effects 

We included the criteria of length of management experience and age of the 
manager in the moderation. The moderation effects were negative for both criteria, but 
not statistically significant. This means that neither management experience nor age has a 
significant moderating effect on the relationship between IWB and IP. The results are 
reported in Table 6. 
 
Table 6: Moderating effects in the relationship between IWB and IP 

 
Original 

Sample (O) 
Sample 

Mean (M) 
Standard 
Deviation 
(STDEV) 

T Statistics 
(|O/STDEV|) 

P 
Values 

IWB -> IP 0.287  0.307  0.050  5.708  0.000  

experience -> IP -0.013  -0.016  0.063  0.211  0.833  

age -> IP -0.134  -0.136  0.067  1.993  0.047  

Moderating Effect 
experience -> IP 

-0.102  -0.099  0.056  1.842  0.066  

Moderating Effect 
age -> IP 

-0.010  -0.008  0.060  0.160  0.873  

 
We then included the control variables in the model using multigroup analysis 

(MGA). Prior to this, we confirmed the measurement invariance of composite models 
(MICOM) (Henseler Ringle & Sarstedt, 2016) through three steps, namely configural 
invariance, compositional invariance, and equality of composite means and variances. 
Multi-group analysis (MGA) was conducted for the criteria of gender, management level, 
legal form, and region. Table 7 presents the results of the multi-group parametric tests 
according to the segmentation variables. 
 
Table 7: PLS-SEM/multigroup analysis for managers by gender and management level 

Paths Path Coeff. 
(male–female)   

p-
Value 

Path Coeff. 
(Bratislava 

region–other) 

p-Value 
  

IS -> IP  -0.082  0.626  0.518  0.362      

IWB -> 
IP  

0.200  0.287  -0.177  0.633      

IWB -> 
IS  

0.094  0.694  0.666  0.525      

IWB -> 
TWC  

-0.024  0.736  0.672  0.419      
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TWC -> 
IP  

-0.245  0.276  -0.490  0.272      

 
Path Coeff. 
(Inc.–Ltd.) 

p-
Value 

Path Coeff. 
(Inc.–other) 

p-Value Path Coeff. 
(Ltd.–other) 

p-Value 

IS -> IP  0.607*  -0.001  0.002  0.957  -0.608  0.226  

IWB -> 
IP  

-0.166  -0.085  0.200  0.690  0.081  0.944  

IWB -> 
IS  

-0.146  -0.646  0.395*  0.032  -0.500*  0.038  

IWB -> 
TWC  

-0.039  -0.523  0.736*  0.044  -0.484  0.061  

TWC -> 
IP  

-0.100  0.198  0.677  0.932  0.299  0.794  

 
Path Coeff. 

(lower–middle 
management) 

p-
Value 

Path Coeff. 
(lower–top 

management) 

p-Value Path Coeff. 
(middle–top 

management) 

p-Value 

IS -> IP  0.115  0.631  0.193  0.590  0.078  0.854  

IWB -> 
IP  

-0.628*  0.034  -0.395  0.199  0.233  0.508  

IWB -> 
IS  

0.073  0.833  0.203  0.823  0.130  0.859  

IWB -> 
TWC  

-0.221  0.253  0.056  0.788  0.277  0.661  

TWC -> 
IP  

0.083  0.841  -0.456  0.441  -0.538  0.383  

*Significant difference between path coefficients  

 
In terms of gender and regional influences, no significant differences were found 

in the relationships examined. Some differences were found for legal form and 
management level (Table 7). IS has a more significant impact on IP in companies with the 
legal form Ltd. compared to Inc. Managers at the middle management level perceive a 
stronger impact of supporting their employees' IWB on the IP of the company compared 
to managers at the first management level. 
 
5. Discussion 
 

Energy firms are in a challenging period, facing many challenges to which they 
need to adapt flexibly. This implies continuous innovation at all levels of the 
transformation process, as innovation is currently recognized as the key to continuous and 
sustainable development of EC (Wang, Lu & Sun, 2018). Innovative firms can create new 
markets, modify customer preferences, and even change underlying consumer behavior, 
all of which can lead to higher profits (Zhou, 2006). According to Hj Musneh et al. (2021), 
innovation efforts are considered as a source of economic competitiveness. We agree with 
Corchuelo Martinez-Azúa et al. (2020) that an important role is played by the management 
of these companies, which can increase their success in this direction through effective 
management and the incorporation of appropriate management tools and approaches.  
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In our study, we examined the factors that may influence the IP of EC. We 
examined both the impact of employee-level IB on the overall IP of energy firms and the 
role of IS and TWC in this relationship.  

Access to information plays an important role in fostering IWB (Yasir et al., 2021). 
The generation of new ideas is more effective in an open environment that encourages the 
sharing and exchange of ideas. We agree with Radaelli et al. (2014) that it is the IS that can 
promote employees' innovation activities and create a climate that intensifies IWB. This 
fact is also confirmed by our results. The results of testing Hypothesis 2, which is based 
on the effect of IS as a mediator in the relationship between IWB and IP, show an 82% 
direct effect (β=0.239) and an 18% indirect effect (β=0.052) on the overall effect. This 
suggests that although the vast majority of the effect is realized directly, IS plays a role in 
this relationship and can be used to improve firms' IP.  

In addition, we sought to examine the impact of TWC on the relationship between 
IWBs and IP in the ES. Previous research suggests that employee collaboration supports 
firm IP (Jiang et al., 2012), especially when innovation is complex (Huang & Li; 2009). In 
a situation where team members can work together to generate new ideas, discuss them, 
ask questions together, and support each other, the entire process of generating and 
implementing innovations is facilitated. In the case of Hypothesis 3, where the mediator 
between IWB and IP is TWC, the situation is almost identical to Hypothesis 2. The direct 
effect is comparable (β=0.238), accounting for 83% of the relationship examined, and the 
indirect effect of TWC reaches β=0.048, accounting for 17% of the total effect. Thus, this 
confirms the fact that TW can be appropriately used as a supportive tool for increasing 
the innovation activity of the company.  

The results of our study show that the effect of IS and TWC on the relationship 
between IWB and IP is comparable when considered in isolation. However, the 
importance of IS increases significantly when both mediators are acting together compared 
to TWC. The share of the indirect effect here is 20%, so equally complementary, but 76% 
of the indirect effect is transmitted through IS compared to 24% of the indirect effect of 
TWC. Thus, if an innovation activity takes place in a TW environment, open 
communication and IS is a crucial tool supporting its success.  

This suggests that direct support of employees' IWB by managers has a significant 
direct impact on the IP of the firm as a whole, but its effect can be demonstrably supported 
by building a TWC and open IS in teams. Thus, the integration of these tools into the 
management of EC significantly supports their IP. It is therefore advisable to use these 
tools in an integrated way, in synergy with each other, which can lead to a demonstrable 
increase in IP.  

We also examined the moderating effects of the age of energy managers and their 
length of management experience on the relationships examined. However, these were not 
found. The moderating effects were negative for both criteria, but not statistically 
significant. Thus, the relationship between management support for IWB and firm IP is 
not influenced by age or management experience, suggesting that awareness of the 
importance of this support and knowledge of its tools are sufficient factors in their own 
right for their successful application.  

Similarly, no significant differences were found for the gender of the manager and 
regional influences. Some differences were found for legal form and level of management. 
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IS has a more significant impact on IP for companies with the legal form Ltd. than for 
companies with the legal form Inc. Since the legal form of Ltd. is chosen more by small 
and medium-sized enterprises than by Inc., it can be assumed that IS is more effective in 
an environment with closer working relationships. In the case of large companies with 
high organizational structures and a high degree of formalization, the positive effect is 
likely to be weakened. However, this finding would require further verification.   

Our study has several theoretical and practical implications for the management 
of energy firms. At the theoretical level, it enriches the existing knowledge and broadens 
the discourse on the currently topical issue of promoting firms' IP. In particular, by 
discussing the role of management support for employees' innovative activity. It helps to 
better understand the impact that a manager can have on the generation and 
implementation of innovations in a team, and also their impact on the overall IP of the 
firm. The results of the study add to the existing understanding of the dynamics of this 
relationship and also the role of open communication and TW in it. Our study was 
conducted in Slovak conditions and although the issue of energy innovation is a global 
one and EC as employers have some comparable characteristics, at least in the European 
environment, the generalization of the findings should be approached with caution. The 
cultural, political and economic context may play an important role. 

On a practical level, our study has several implications for the management of EC. 
Their constant need for innovation, coupled with rapid technological development and 
climate challenges, places high demands on managers. They need to activate internal 
resources and make the most of the intellectual capital that companies have at their 
disposal. Having the right management tools and knowing how to use them effectively is 
a great advantage for a company. Employees need the right conditions to be able to put 
their innovation into practice. The results of our study show that managers have an 
important role to play if they can support the innovative work of their subordinates and 
create an environment where information can be shared openly and where teams can work 
together to create and implement innovative solutions. It is the combination of the above 
that seems to be an appropriate strategy for EC. When management transparently 
communicates goals, strategies, and results to employees, it fosters employee engagement 
and interest. Open communication about the changes needed and how results will be 
measured and evaluated gives employees a sense of security. When employees feel free to 
ask questions and their input is valued, they are more likely to become active innovators. 
A positive finding is that such an approach is not limited by the seniority of the manager, 
but it does appear that lower managers have some leeway in this respect compared to 
managers at higher levels. Companies should therefore focus on training and supporting 
their lower managers, which can further enhance the IP of the company.  

While our study provides new insights, it also has some limitations. An important 
one is the use of a cross-sectional research design. Our results show the existence of 
relationships between the variables studied, but do not confirm the cause-and-effect 
relationship. We collected data using self-administered surveys and collected data from 
managers of EC. Response bias may have partially distorted the responses, although we 
took several steps to mitigate common methodological biases. We have collected data 
from the managers themselves, although we are aware that collecting data from multiple 
sources, i.e., asking not only managers but also employees, could increase the objectivity 
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of the research. There is a risk that respondents will provide socially desirable answers, 
which may lead to overestimation of relationships between variables. A limitation of the 
research may also be the failure to use a pilot survey, one of the best practices for verifying 
the validity and methodological soundness of the constructs used. However, we 
considered other recommendations that we felt were appropriate and sufficient. A 
limitation may also be the research sample itself, which includes EC operating on the 
territory of Slovakia and is thus regionally limited. Future research can therefore address 
these limitations by conducting cross-cultural studies and also by using multiple sources 
of research data or different methods of data collection. 

 
6. Conclusion 
 

The results of our study have shown that fostering IB among EC employees is 
directly related to the growth of their IP. When employees feel supported by their 
managers to innovate and are encouraged to develop and implement new ideas, tools, and 
methods, this has a positive effect on increasing the overall IP of the organization. This 
relationship was found to be significant, demonstrating the impact of IWB not only on 
overall firm performance, as reported by Almaududi Ausat et al. (2022) and Shanker et al. 
(2017), but also directly on innovation production performance. Therefore, it is interesting 
to explore how managers can further enhance this impact.  

The results of the study also suggest that middle managers perceive a stronger 
impact of their employees' support for IWB on the firm's IP than do lower-level managers. 
This may be due to the fact that they are more aware of the importance of innovation and 
have a wider range of information due to their more complex view of business processes 
compared to lower-level management. Therefore, top management needs to increase the 
involvement of lower-level managers in innovation processes and strengthen 
communication with them. As a result, they may have a better understanding of the 
principles, tools and implications of promoting IWBs, which will have a positive impact 
on the IP of the whole organization. 

Given the topicality of the issue, it would be useful in follow-up research to extend 
the research to include the impact of some other potentially relevant variables that could 
affect innovation performance. These include, for example, the role of leadership styles, 
organizational culture, or external collaboration, as well as attention to the specific tools 
used to support IWB employees. These were not considered in the current study. Their 
inclusion in future studies could provide a more comprehensive understanding of the topic 
under investigation. The current study mainly examines the impact of internal factors that 
influence IWB from within the organization, while potential external influences such as 
legal regulations, industry-specific market conditions, or global economic factors were not 
considered. Future research could also explore the interaction between internal and 
external factors. 

Given the topicality of the issue, it would be useful in follow-up research to extend 
the research to include the impact of some other potentially relevant variables that could 
affect innovation performance. These include, for example, the role of leadership styles, 
organizational culture, or external collaboration, as well as attention to the specific tools 
used to support IWB employees. These were not considered in the current study. Their 
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inclusion in future studies could provide a more comprehensive understanding of the topic 
under investigation. The current study mainly examines the impact of internal factors that 
influence IWB from within the organization, while potential external influences such as 
legal regulations, industry-specific market conditions, or global economic factors were not 
considered. Future research could also explore the interaction between internal and 
external factors. 
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