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Abstract

:

Due to limited resources, the implementation of Industry 4.0 solutions is a big challenge in small- and medium-sized enterprises (SMEs). Therefore, it is important to identify the factors that facilitate such implementation. However, empirical research in this area is insufficient. The purpose of this article is to investigate whether open-mindedness culture, knowledge-sharing, and financial performance have a significant impact on willingness to implement Industry 4.0 in SMEs. To achieve the purpose of the article, quantitative research was conducted. Data from 562 Polish manufacturing SMEs were collected and analyses were performed using partial least squares path modeling (PLS-PM). The study results reveal that open-mindedness culture has both a direct and indirect (through knowledge sharing) impact on willingness to implement Industry 4.0 in SMEs. Results suggest that in terms of micro-enterprises, open-mindedness is more important and knowledge-sharing is less important for willingness to implement Industry 4.0 than in larger enterprises. Moreover, regardless of the company size, financial performance is positively related to willingness to implement Industry 4.0. The research results provide SME managers with guidelines on what activities within the company should be strengthened if the goal of the company is to implement Industry 4.0 solutions.
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1. Introduction


For a decade, the concept of Industry 4.0 has been arousing more and more research interest. Industry 4.0 is identified as the expected fourth industrial revolution and perceived as “a technology-driven paradigm shift of the manufacturing industry that will digitally integrate production networks both horizontally and vertically” [1] (p. 3952). This concept is based on two main technologies, Cyber-Physical Systems (CPS) and the Internet of Things [2]. These technologies are intended to integrate machines, devices, production and logistics systems, and users with the use of information and communication technologies [3]. The implementation of the Industry 4.0 concept in the company is to be a response to changes in the company’s environment, such as globalization, strong competition, and market volatility. Industry 4.0 is aimed at improving the company’s competitive position, ensuring flexibility in production, the ability to respond to changing customer demands and individual needs [4,5]. Industry 4.0 is also expected to bring environmental benefits, such as reduction in energy consumption and reduction in the amount of waste generated [5,6].



Although the technologies related to Industry 4.0. are widely described in the literature, the organizational factors influencing the implementation of this concept in the enterprise have been studied to a much lesser extent [7]. Nevertheless, the main barriers to implementing Industry 4.0 include the following: lack of skilled workforce, lack of financial resources, concerns about cybersecurity, and organizational resistance (see [8]). On the other hand, researchers identified driving forces of Industry 4.0 as growing competition, striving to improve sustainability, innovation, productivity, and firm performance (see [8]). Nevertheless, human resources, their competences and skills, openness to change, and willingness to learn are crucial for adoption of Industry 4.0 [7,8].



As Horváth and Szabó [8] noted, small- and medium-sized enterprises (SMEs) usually have higher barriers and lower driving forces of Industry 4.0 in comparison to multinational enterprises. Similarly, previous studies indicated that SMEs are less capable of coping with technological, financial, and human resources challenges regarded to Industry 4.0 than large enterprises [9]. Lack of knowledge, a short-term strategy mindset, a manager’s attitude towards Industry 4.0, costs, and uncertain return on investment may be of key importance for the development of Industry 4.0 in SMEs [9,10]. Thus, the development of Industry 4.0 in SMEs may be different than in large enterprises [11,12], which results from the characteristics of SMEs. Compared to large enterprises, SMEs tend to have limited human, knowledge, and financial resources [13]. On the other hand, they are less formalized and more flexible, thanks to which they have the ability to adapt faster to changes in the environment [14,15,16].



Industry 4.0 is considered an innovation in the manufacturing sector [17]. Therefore, similar factors may have an impact on both an innovation implementation and an adoption of Industry 4.0 in a company. Previous studies indicated the significant relationships between introducing innovations and the presence of an appropriate culture in an organization [18,19,20] and knowledge-sharing [21]. Open-minded and flexible culture is expected to support Industry 4.0 implementation [7]. Results of research conducted in SMEs indicate that knowledge-sharing has a significant positive impact on technological innovation capability [22]. Moreover, it was found that there is a correlation between innovation and financial performance [23], although the direction of the causality effect between them is not obvious [24]. Introducing innovation may improve firm performance, but, on the other hand, only SMEs in a good financial condition may have adequate resources to introduce capital-intensive innovation [24]. However, there is a lack of empirical studies which explain the impact of organizational culture, knowledge-sharing, and firm performance on Industry 4.0 implementation in SMEs. To fill the research gap, the purpose of this study is to empirically examine the relationships between these constructs. This study is expected to answer the question of whether open-mindedness culture, knowledge-sharing, and firm performance have a positive impact on willingness to implement Industry 4.0 in SMEs.



The paper is organized as follows. Section 2 highlights the importance of the organizational culture, knowledge-sharing, and firm performance in facilitating the implementation of Industry 4.0 in SMEs. The five hypotheses are stated. Section 3 describes the methodology of the empirical research. Results are reported in Section 4. Theoretical and practical implications, limitations, and further studies are discussed in Section 5.




2. Literature Review


2.1. Open-Mindedness Culture and Industry 4.0


Organizational culture is a set of views, values, beliefs, and assumptions that are shared by members of the organization and thus determine their behaviors there [25]. Organizational culture performs integrating and coordinating functions [26]. It integrates members around organizations, gives them a sense of identity and stability of the social system. A shared system of values and meanings facilitates communication and mutual understanding [26]. Organizational culture provides organization members with guidelines for acceptable, valued, and undesirable behavior. The strength of organizational culture depends on the degree to which members of the organization are homogeneous in their perceptions of organizational values, norms, and practices [25]. Moreover, organizational culture cannot be easily copied, therefore it can be an element of building a competitive advantage of an enterprise [25].



Thus, organizational culture can affect employees’ attitudes towards changes, implementation of innovative solutions, including the concept of Industry 4.0, if innovation is one of the main values of the adopted organizational culture [20]. The empirical research indicates a significant relationship between organizational culture and innovation [19,27,28]. However, it is crucial to indicate what type of culture fosters innovation.



Naranjo-Valencia et al. [20] analyzed the relationship between the innovation of Spanish organizations and four types of cultures, i.e., an adhocratic, clan, market, and hierarchy culture. It was found that the adhocratic culture is the best innovation predictor. In the adhocratic culture, flexibility, creativity, entrepreneurship, and risk-taking are appreciated. This type of culture is characteristic for companies oriented externally, operating in a dynamic environment and aspiring to be a market leader. Research conducted by Naranjo-Valencia et al. [20] also showed that the hierarchy culture in organizations has a negative effect on innovation. Control and internal orientation are characteristics of hierarchy culture companies. This type of culture emphasizes efficiency and strict compliance with standards, procedures, and regulations.



More recently, Wu et al. [28] investigated the impact of organizational culture on product and process innovations in manufacturing SMEs in Taiwan. Three types of organizational cultures were considered: trust and support, bureaucratic, and innovation culture. Results of that study showed that innovation culture, in conjunction with an appropriate operation strategy, has the strongest positive impact on innovation. Innovation culture, similar to the abovementioned adhocratic culture, focuses on openness, creativity, opportunity-seeking, and risk-taking [28]. In such a culture, employees are rewarded for courage and seeking new ways to perform their tasks.



Organizational culture in a specific organization is unique and features a combination of different values and practices. However, there is general consensus that such characteristics as creativity, freedom/autonomy, and a risk-taking attitude support innovation [20]. Thus, organizational culture which values those characteristics is expected to support innovative solutions, including Industry 4.0. Moreover, some scholars claim that open-mindedness plays a significant role in innovation [29], which includes the ability to question long-term practices and views. In open-mindedness culture, managers encourage employees to question existing beliefs, procedures, and assumptions; besides, original ideas are highly valued [30,31,32]. Open-minded individuals are likely to be more creative [33] and perceive changes in a company as a chance to improve [34]. Thus, open-minded culture links creativity, freedom, and reflection on current knowledge. Therefore, the following hypothesis is proposed:



Hypothesis 1.

A relationship exists between the open-mindedness culture and willingness to implement Industry 4.0 in SMEs.






2.2. The Open-Mindedness Culture, Knowledge-Sharing, and Industry 4.0


Knowledge-sharing (KS) in an organization is a process of exchanging knowledge and experience between employees and teams in an organization in order to supplement employees’ knowledge with new, valuable, and useful knowledge in order to achieve personal and organizational goals [21,22,35]. Knowledge is shared using various channels, including: discussions, conference networks, mentoring and training sessions, and databases [15,32,36]. The type of channel used depends on the type of knowledge being shared. From the epistemological point of view, knowledge sharing includes explicit and tacit knowledge; while from the ontological dimension, knowledge is individual, group, organizational, or inter-organizational [22]. Taking into account the source of knowledge, external and internal knowledge sharing is distinguished [37]. Moreover, knowledge-sharing behaviors are divided into knowledge donating and knowledge collecting [38].



Previous studies indicate that KS plays an important role in supporting various types of innovation-related activities and processes in an organization or even firm performance [15,39]. It was found that knowledge-sharing stimulates organizational learning [40], intellectual capital [39], employee’s creativity [41,42], and innovative work behavior [43]. Based on a meta-analysis of antecedents of innovation, Hülsheger et al. [44] concluded that communication is fundamental in the development of innovation in the workplace. Collecting knowledge from different sources, recognizing various viewpoints and perspectives should lead to generating, testing, and implementing new solutions [44]. Maintaining contact with people outside one’s own team may be of particular importance, as these contacts allow the acquisition of more diverse knowledge and, as a consequence, create fresh ideas. In particular, researchers emphasize that knowledge-sharing enables obtaining an effect of knowledge synergy [45], faster problem-solving, and quick response to changes in the organization’s environment [21], reduces unnecessary learning efforts [46], evokes reflection on current knowledge, its reinterpretation and recombination [47,48], and helps keep employees aware of current problems and future challenges [49]. Knowledge-sharing is particularly important in the implementation of complex projects in enterprises operating in highly innovative, technology-intensive and knowledge-based sectors [22,50].



Although many studies confirm positive correlation between KS and process or technological innovations [21,22,51], there is no research on the relationship between KS and the implementation of Industry 4.0 in SMEs. However, KS can play an equally important role in implementing Industry 4.0 as it does in the case of innovation. Therefore, the following hypothesis is proposed:



Hypothesis 2.

A relationship exists between knowledge-sharing and willingness to implement Industry 4.0 in SMEs.





Appropriate organizational culture is seen to have crucial impact on knowledge-sharing behaviors in an organization [51,52]. Such organizational values as openness, support, collaboration, and trust increase employees’ propensity to share knowledge [52]. On the other hand, competition among employees, lack of recognition, and lack of job security lead to knowledge withholding [53]. Yang et al. [51] found that collaborative culture, which emphasizes such values as openness, teamwork, communication, change, and risk, positively affects employees’ knowledge-sharing behavior. Mueller [54] confirmed empirically that open-mindedness (in the paper called openness) stimulates KS between project teams. Similar results were obtained by Liao [55] and Wah et al. [56]. In an open-minded environment employees are not afraid of sharing knowledge and ideas, because they trust that their original ideas will not be disregarded but appreciated [56].



Literature suggests correlation between open-mindedness and KS; however, the direct relationship between the open-mindedness culture and KS in SMEs is not examined sufficiently. To address this gap, the following hypothesis is stated:



Hypothesis 3.

A relationship exists between the open-mindedness culture and knowledge-sharing in SMEs.





The above considerations indicate that open-mindedness culture has a positive impact on knowledge-sharing, which in turn increases willingness to implement Industry 4.0. KS can therefore act as a bridge combining open-mindedness with the implementation of innovative solutions. Developing open-mindedness culture in the organization creates conditions conducive to KS behaviors and using knowledge to introduce changes and experimentation. As Lin et al. [57] noted, “An open-minded organization, including SMEs, is more likely to devote resources and support systems to facilitate knowledge acquisition and sharing (…) and further enhance their employees to utilize new knowledge for new product development” (p. 5). An analogous mediating effect of KS has been observed in the relationships between collaborative culture and innovation [51,58], and between transformational leadership and innovation [21,49]. Thus, the following hypothesis is stated:



Hypothesis 4.

Knowledge-sharing mediates the positive effect of open-mindedness culture on willingness to implement Industry 4.0 in SMEs.






2.3. Firm Performance and Industry 4.0


The aims of implementing Industry 4.0 solutions are not only a higher level of automatization and increase flexibility in production, but also improving operational efficiencies and growth in productivity [59,60,61]. However, the literature suggests a two-way relationship between the implementation of innovative solutions and firm performance. There is general consensus that the implementation of innovation improves the firm’s results [23,62,63]. Moreover, empirical studies have confirmed that the adoption of Industry 4.0 technologies has a positive impact on firms’ financial performance [64]. Research conducted in SMEs revealed that elements of Industry 4.0, such as big data, Internet of Things, and smart factory, have a positive effect on sustainable business performance, via the mediating role of information technology implementation [65].



On the other hand, past healthy firm performance paves the way for innovation [24,66]. The implementation of the Industry 4.0 concept in a firm is a complex activity that requires the involvement of various resources, including significant financial ones. Because of limited resources, Industry 4.0 adoption is a particularly difficult challenge for SMEs [65]. As suggested by Nguyen et al. [24], a firm in good financial standing is able to accumulate sufficient resources to conduct innovative, risky, and capital-intensive activity. In contrast, firms with poor performance and without access to external funding sources may not be able to implement radical Industry 4.0 solutions. This can lead to a vicious circle: firms with weak performance do not have sufficient resources to conduct innovation activities, which in turn leads to weak firm performance and consequently to poor innovation in the future and poor competition in the market [24]. The impact of firm performance on innovation has been confirmed in research by Rukundo [66]. The author concluded that “firms that increase their sales are more able to introduce new or substantially improved products or services or processes” (p. 242). This relationship can be explained by the fact that the good financial standing of the firm allows the expansion of research and development activities and the development of human resources (e.g., employee training, employing specialists), which are the basis for implementing innovative solutions.



Taking into account the above considerations, it can be assumed that the better the financial situation of an enterprise, the greater its ability and readiness to implement solutions innovations. Therefore:



Hypothesis 5.

A relationship exists between financial performance and willingness to implement Industry 4.0 in SMEs.






2.4. The Hypothesized Model


The literature review and hypotheses stated in previous subsections are the source of the research model which is presented in Figure 1. The research model assumes that open-mindedness culture, knowledge-sharing, and financial performance have a significant and positive impact on willingness to implement Industry 4.0 in SMEs. Moreover, the model takes into account the mediating role of knowledge-sharing in the relationship between open-mindedness culture and Industry 4.0.





3. Materials and Methods


In order to examine the relationships between open-mindedness culture, knowledge-sharing, firm performance, and Industry 4.0, a quantitative study among SMEs was conducted. Positivist and explanatory approaches (see [67]), as well as a cross-sectional design were used in this study.



3.1. Sample and Data Collection


The research was conducted among Polish manufacturing small- and medium-sized enterprises. Manufacturing companies were selected due to the fact that Industry 4.0 solutions are primarily intended for production processes [68]. Data collection was commissioned by a professional research company. The ordering party was the Faculty of Organization and Management, Silesian University of Technology (Poland). Data collection using an anonymous questionnaire lasted from December 2019 to March 2020. A link to the questionnaire was sent to SMEs by e-mail. Respondents constituted top managers in SMEs. Top managers have the broadest view of the enterprise and have access to financial data [69], and thus were suitable respondents for this study. Data were collected from 562 SMEs, 265 of which were microenterprises (employing up to 10 employees), 221 were small enterprises (10–49 employees), and 76 were medium enterprises (50–249 employees). Due to the age of the company, the sample consisted of the following companies: aged up to 5 years—167; between 6 and 10 years—79; between 11 and 15 years—75; between 16 and 20 years—61; more than 20 years—180.



The items used in this study were part of a large and multi-scale questionnaire, therefore respondents were unlikely to guess the aim of it. Thus, the impact of the method biases on results was reduced [70]. To estimate the common method bias (CMB), a Harman single factor test [71] was conducted. The results revealed that the single factor accounted for 29.1% of the total variance, thus below the threshold of 50 per cent. Hence, CMB was not likely to be a serious issue in this study.




3.2. Measures


Items of the questionnaire were measured using a five-point Likert scale, where 1—disagree, 2—rather disagree, 3—difficult to say, 4—rather agree, and 5—agree. Open-mindedness culture was measured using four items taken from Baker and Sinkula [30] completed with one item, “Problems, failures and experiences are discussed openly to avoid making similar mistakes in the future”, adapted from Saini [72] and Wah et al. [56]. In the case of other scales, items were generated on the basis of literature analysis and previously used measures in empirical research. In the case of knowledge-sharing in an organization, three items were generated by analyzing the work of researchers such as Darroch [73] and Wang et al. [74]. Financial performance (FP) can be measured using a variety of measures (see [75,76]); however, this study was limited to three commonly used measures of financial performance, including return on investment, profitability, and revenue growth. As accurate financial data are not readily disclosed by companies, respondents were asked to compare profitability and revenue growth with that of competitors. In the case of the willingness to implement Industry 4.0 (I) in SMEs construct, a ready-made scale was not used due to the lack of such a scale in the literature. To measure willingness to implement Industry 4.0 in SMEs, four items were generated, bearing in mind the research objective. The purpose of these items was to reflect the overall plans of companies to implement Industry 4.0 solutions. Therefore, two items concerned plans to increase the degree of digitization, computerization, and automation in the next 3–5 years. The next item covered financial perspective and concerned plans to increase investment expenditure related to Industry 4.0. In the last, fourth, item the company was compared to the competitors in terms of development and implementation of Industry 4.0 solutions. Such a set of items made it possible to assess the willingness to implement Industry 4.0 from different perspectives and to give a more complete picture of the studied phenomenon in the company. Items used in this study are presented in Table 1. Additionally, company size and age were taken as control variables in this study.




3.3. Data Analysis


Partial least squares path modeling (PLS-PM) with SmartPLS 3.3.2 (SmartPLS GmbH: Boenningstedt, Germany) [77] was used to analyze the hypotheses of this study. PLS-PM is a variance-based estimator for structural equation modeling (SEM) and, compared to covariance-based SEM, it requires no distributional assumptions on observed variables and works well both with small and large sample sizes [78]. Moreover, PLS can be applied in various types of research, including exploratory, confirmatory, and explanatory [79], but it is particularly useful in predictive studies [80]. In this study the kurtosis and skewness values for the six variables were less than −1 or greater than 1, indicating that the data were non-normally distributed. Moreover, this study was explorative and focused on the prediction of the dependent variable rather than confirming theory. Therefore, in spite of the controversy regarding PLS-PM advantages and limitations [78,81], PLS-PM was selected as an appropriate method for this study. Analysis with PLS consists of two main steps: (1) testing the measurement model and (2) assessment of the structural model.





4. Results


4.1. Measurement Model


In this study, all constructs were reflective. Assessing reflective measurement models includes reliability and validity of the constructs [78]. Examining the indicator loadings revealed that two items, OMC3 and OMC4, had factor loading values of 0.572 and 0.232, respectively, which is far lower than the minimum recommended value of 0.7. Therefore, OMC3 and OMC4 were deleted from the model, which was then retested. As part of the reliability test of the measurement model, Cronbach’s Alpha, rho_A, and composite reliability (CR) were used to check internal consistency reliability. The Cronbach’s Alpha values of the constructs ranged from 0.72 to 0.79, rho_A ranged from 0.73 to 0.80, while CR measures ranged from 0.84 to 0.86 (Table 2). These values are higher than the minimum recommended value of 0.7 [78].



Assessing validity of the measurement model included the convergent and discriminant validity. The convergent validity was assessed by checking average variance extracted (AVE). AVE for all constructs was higher than the minimum recommended value of 0.5 [78]. Discriminant validity was estimated using cross-loading, the square root of the AVE (Fornell–Larcker criterion), and the heterotrait-monotrait ratio of correlations (HTMT). The results of cross-loading show that all items were loaded higher on their assigned constructs than on other ones. The square root of the AVE of each construct was greater than the correlations (Table 3). Finally, the HTMT values were lower than a threshold of 0.85 [78], which confirms the discriminant validity. In summary, the results indicate that the measurement model has good reliability and validity.




4.2. Structural Model


Assessment of the structural model included such criteria as the coefficient of determination (R2), Stone-Geisser’s Q² value, fit indices, and the statistical significance of the path coefficients. The adjusted R2 values were 0.180 for I and 0.344 for KS (Figure 2). This means that the R2 values in this model were low (R2 < 0.3) and moderate (0.3 < R2 < 0.6) [82]. The predictive relevance was assessed with Q² values by using blindfolding procedure. The Q2 value for I was 0.102 and for KS—0.217. These values exceed zero, which confirms predictive accuracy of the structural model (Hair et al., 2019). The general model fit indices were as follows: SRMR = 0.088 (acceptable if < 0.1) [83], d_ULS = 0.697, d_G = 0.219, chi-square = 736.579, NFI = 0.707 and RMS theta = 0.217.



The bootstrapping technique with 5000 resamples was used to evaluate the path coefficients and their significance levels. The results presented in Table 4 show that all three constructs, i.e., open-mindedness culture, knowledge-sharing, and financial performance, have a positive impact on willingness to implement Industry 4.0 in SMEs. These results support hypotheses H1, H2, and H5. Moreover, consistent with the expectation, open-mindedness culture is strongly positively associated with knowledge-sharing. Therefore, H3 is supported.



To test if knowledge-sharing mediates the positive effect of open-mindedness culture on willingness to implement Industry 4.0 in SMEs, a method proposed by Baron and Kenny [84] was adopted. First, a model without knowledge-sharing as a mediator was examined. In this model, there were significant path coefficients between open-mindedness culture and knowledge-sharing (0.588) as well as between open-mindedness culture and Industry 4.0 (0.237). After introducing knowledge sharing as a mediator, it turned out that knowledge sharing was significantly related to Industry 4.0 (0.134) and the direct path coefficients between open-mindedness culture and Industry 4.0 declined from 0.237 to 0.163. However, despite the decrease, this direct path coefficient was still significant. As the results of bootstrapping indicate (Table 5), the indirect, direct, and total effects of open-mindedness culture on Industry 4.0 are statistically significant. To determine the extent to which the mediation process explains the variance of Industry 4.0, the variance accounted for (VAF) value was calculated [85]. The VAF value was 32%, which suggests a partial mediation [86]. Hence, the hypothesis suggesting that knowledge-sharing mediates the positive effect of open-mindedness culture on willingness to implement Industry 4.0 in SMEs (H4) is supported.



It was examined whether the size and age of the enterprise have an impact on the studied relationships between variables. For this purpose, multi-group analysis (MGA) was used. Taking into account company size, the path coefficients difference was statistically significant at the 5 per cent level for relationships between OMC and Industry 4.0 (Table 6). The path coefficient between OMC and Industry 4.0 was significant in microenterprises (β = 0.288; p < 0.001), whereas among small enterprises the path coefficient was lower and insignificant (β = 0.080; p = 0.287). At the 10 per cent level, there was significant difference in the path coefficients between KS and Industry 4.0. This path coefficient was insignificant in microenterprises (β = 0.028; p = 0.707), but significant in small enterprises (β = 0.209; p < 0.01). In the case of company age, the youngest companies (aged up to five years, n = 167) were compared with the oldest ones (aged above 20 years, n = 180). Path coefficients differences were not statistically significant in these two groups.





5. Discussion and Conclusions


5.1. Summary of the Main Research Results


This research proposed a model of interrelationships between open-mindedness culture, knowledge-sharing, financial performance, and willingness to implement Industry 4.0 in manufacturing SMEs. The results of this research support all five hypothesis. The main results reported in the current study are as follow:




	
There is a positive relationship between the open-mindedness culture and willingness to implement Industry 4.0 in SMEs;



	
A positive relationship exists between knowledge-sharing and willingness to implement Industry 4.0 in SMEs;



	
The antecedent of knowledge-sharing is open-mindedness culture;



	
Knowledge-sharing mediates the positive effect of open-mindedness culture on willingness to implement Industry 4.0 in SMEs;



	
Financial performance has a positive impact on willingness to implement Industry 4.0 in SMEs.








Results of this research make it possible to draw theoretical and practical implications.




5.2. Theoretical Contributions


This study contributes to the theories of Industry 4.0 and innovation in the following ways.



Firstly, the study aimed at explaining the relationship between firm performance and Industry 4.0. A number of researchers indicated that it is the implementation of innovation that is to both improve operational performance and bring financial benefits to the company [23,62,63]. However, this study considered another direction of such a relationship. Results of this study show that both in general SMEs surveyed, and in groups differing in size (micro-, small-, and medium-sized enterprises) financial performance was significantly and positively related to willingness to implement Industry 4.0 in an organization, supporting Hypothesis 5. This result is consistent with previous research suggesting that good financial standing of the company is a factor that allows a company to get involved in implementing innovative solutions [66]. As Müller et al. [87] noted, limited finances and human resources make it difficult for many SMEs to go beyond current technical capabilities and identify new technologies. Moreover, SMEs are concerned about taking risks and investing limited financial resources in technologies with uncertain results. Thus, the relationship between financial performance and an adoption of Industry 4.0 in SMEs may be bidirectional—good financial standing facilitates an implementation of Industry 4.0 in SMEs, which in turn improves firm performance. This finding is particularly important for SMEs, which usually have limited opportunities to obtain external sources for financing investments and must rely on their own funds.



Secondly, although organizational culture and KS are regarded as the main determinants of organization innovation, previous studies have not investigated open-mindedness culture and KS in the context of Industry 4.0 implementation. To fill the research gaps, this study proposes a mediation research model covering these constructs. The results of this study confirm the significant role of organizational culture and knowledge-sharing for the implementation of Industry 4.0 solutions. More specifically, open-mindedness culture has both a direct and indirect, through knowledge-sharing, impact on willingness to implement Industry 4.0 in SMEs (supporting Hypotheses 1 and 4). This finding is consistent with previous studies, which indicated the relationship of both the appropriate organizational culture [19,27,28] and the sharing of knowledge [21,22,51] with innovation. This study highlights the role of open-mindedness culture, which values creativity and reflection on current knowledge. Similarly, Veile et al. [7], based on interviews with managers from Industry 4.0-experienced German manufacturing companies, concluded that in order to support Industry 4.0, “corporate culture should be characterized by flexibility, openness, willingness to learn and an entrepreneurial mindset” (p. 17). Moeuf et al. [10] concluded that Industry 4.0 is a space for creativity and new opportunities and requires engineers with multidisciplinary visions and open-mindedness.



Moreover, in this study the relationship between open-mindedness culture and willingness to implement Industry 4.0 was the strongest among microenterprises. This may be due to the specifics of microenterprises that employ a small number of people. In such conditions, the direction of the company’s development, including the implementation of innovative solutions, depends primarily on the manager/owner—their personality, openness, creativity, and a tendency to make bold and risky decisions. Sharing knowledge in the smallest enterprises is less important for the implementation of Industry 4.0, which was confirmed by this study. In general, the surveyed enterprises showed a significant relationship between KS and Industry 4.0, while in the group of microenterprises no statistical significance was found. It can be concluded that due to the small number of employees, organizational solutions in the field of knowledge sharing are not as crucial in microenterprises as in the larger ones. Nevertheless, this study confirmed that KS is an important antecedent of willingness to implement Industry 4.0 in SMEs, thus supporting Hypothesis 2. This is in line with previous findings that communicating with employees about the objectives of the Industry 4.0 project is one of the critical success factors in the adoption of Industry 4.0 in SMEs [10].



Finally, previous empirical studies of the relationship between open-mindedness and knowledge-sharing in the workplace are still scarce and researchers called for exploring this relationship in different national settings [56] and using larger sample sizes [54]. To respond to these calls, this paper has examined these relationships among 562 Polish SMEs and confirmed their significance, and thus Hypothesis 3. Moreover, this relationship is strong and significant regardless of the size of SMEs. This result is in line with earlier studies, according to which an appropriate organizational culture that values openness and creativity facilitates and supports knowledge-sharing within the organization [51,52]. Moreover, this study indicates that KS also acts as a mediator between open-mindedness culture and willingness to implement Industry 4.0. This is in line with the suggestion proposed by Lin et al. [57] that an open-minded organization is willing to sacrifice its resources and support systems to support knowledge-sharing within the organization and thus help employees generate and implement innovative solutions.




5.3. Practical Contributions


This study provides a better understanding of the relationship between OMC, KS, FP, and Industry 4.0. Therefore, the results of this study may be useful for managers/owners interested in implementing Industry 4.0 in SMEs. Managerial implications are as follows.



Firstly, SME managers can strengthen willingness to implement Industry 4.0 by building open-mindedness culture. Managers should support such behaviors as openness to fresh ideas, creativity, critical reflection, reviewing and questioning old knowledge and procedures. However, as Hernández-Mogollon et al. [29] noticed, the creation of open-mindedness might be a substantial challenge for managers in SMEs because of cultural barriers. In SMEs, the development of a company depends on the founder or owner, who is also often a manager. Therefore, they are responsible for shaping an open organizational context. However, as Cegarra and Wensley [88] note, it is often only in times of crisis that founders or owners are inclined to question the deeply rooted routines in the organization. Hence, the managers in SMEs should be aware of the role of open-mindedness and its barriers. On the one hand, managers have to overcome such barriers as being resistant to change, no tolerance of failure, and blame culture [29]. On the other hand, they should engage in cultivating flexible culture and open new ways of thinking and performing things. The great importance of open-mindedness for the implementation of the Industry 4.0 is particularly observed in microenterprises.



Secondly, willingness to implement Industry 4.0 is also supported by knowledge-sharing. This relationship is pronounced in enterprises larger than microenterprises. This result should encourage managers to develop solutions that support knowledge-sharing in an organization. Regular meetings with employees during which information about competition and trends in the industry is provided, a remuneration system promoting knowledge-sharing, and IT infrastructure facilitating access to the necessary knowledge are examples of solutions that can be used. The larger the SME is, the more formalized and complicated its organizational structure, and thus the more difficult internal communication is. Thus, the larger the enterprise, the more demanding it becomes to build an effective knowledge-sharing system.



Finally, the results of this research make managers realize that one of the important factors influencing the willingness to implement Industry 4.0 is the company’s financial condition. Implementing Industry 4.0 needs high investments in technology, data security, and workers’ skills, but return on investments remains uncertain [4]. Nevertheless, Industry 4.0 seems to be an inevitable direction of transformation of manufacturing SMEs that want to compete successfully in global markets. A good financial situation of SME will facilitate this transformation.




5.4. Limitation and Further Studies


This study has some limitations which can be overcome in further studies. Firstly, in this study subjective measures of financial performance were used. While this is a common approach in this type of research, additional objective financial indicators would improve the credibility of the study. In addition, longitudinal research could reveal whether the willingness to implement Industry 4.0 translates into the actual implementation of Industry 4.0. In future research, it is also worth checking whether there is an inverse relationship, i.e., whether the implementation of Industry 4.0 improves financial performance in SMEs.



Secondly, the research model does not take into account environmental conditions and their impact on willingness to implement Industry 4.0. Previous research showed that such variables as environmental dynamism and competitiveness can moderate the relationship between innovation and financial performance [89]. Therefore, the existence of environmental variables in the research model will enrich findings.



Thirdly, the reliability and validity of scales should be confirmed. After confirmatory factor analysis, the scale for open-mindedness culture has changed compared to the original one. New scales for knowledge-sharing and willingness to implement Industry 4.0 were developed. Although a decent sample size was used and assessment of the measurement model confirmed good reliability and validity of the scales, confirmation of the suitability of these scales is recommended in future research.



Finally, data collection in this study was based on a self-reported questionnaire and as a consequence common method bias might affect the research results. To minimize this, some remedies were applied, including ensuring the anonymity of the respondents and using a large and multi-scale questionnaire, thus the aim of the research was difficult to guess. A Harman single factor test indicated that common method bias was not likely to be a serious issue in this study. However, using archival data and multiple respondents from one company are recommended to prevent potential common method bias in future research.
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Figure 1. The hypothesized model. 
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Figure 2. Structural model path coefficients. Note: * p < 0.01; ** p < 0.001. R square adjusted. 
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Table 1. Constructs and items






Table 1. Constructs and items









	Item
	Question





	
	Open-mindedness culture (OMC)



	OMC1
	In our company, managers encourage employees to “think outside of the box”.



	OMC2
	Original ideas are highly valued in this organization.



	OMC3
	We are not afraid to reflect critically on the shared assumptions

we have about the way we do business. *



	OMC4
	Managers in this business unit do not want their “view of the world” to be questioned. (R) *



	OMC5
	Problems, failures, and experiences are discussed openly to avoid making similar mistakes in the future.



	
	Knowledge-sharing (KS)



	KS1
	We have special resources (people, infrastructure) to share knowledge and flow of information so that all employees have access to knowledge and information to the extent relevant to their tasks and goals.



	KS2
	Our leaders share with employees updated information on competitors, industry trends, and organizational goals.



	KS3
	Our remuneration system is conducive to teamwork and knowledge-sharing.



	
	Financial performance (FP)



	FP1
	In our company, the return on investment is positive.



	FP2
	The profitability of our company is higher than the profitability of competitors.



	FP3
	The revenue growth in our company is higher than that of competitors.



	
	Industry 4.0 (I)



	I1
	In the next 3-5 years, our company plans a significant increase in digitization and computerization.



	I2
	In the next 3-5 years, our company plans to increase the degree of automation.



	I3
	Our company plans to increase investment expenditure related to Industry 4.0 over the next five years.



	I4
	Our company is involved in the development and implementation of Industry 4.0 solutions (digitization, computerization, cloud computing, Internet of Things, etc.) much more than competitors.







Note: (R)—reverse scored; * items deleted after confirmatory factor analysis.
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Table 2. Reliability and validity.
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	Construct
	Mean
	SD
	Cα
	rho_A
	CR
	AVE
	Item
	Loading
	Kurtosis
	Skewness





	OMC
	3.98
	0.85
	0.73
	0.73
	0.85
	0.65
	OMC1
	0.748
	−0.716
	−0.654



	
	
	
	
	
	
	
	OMC2
	0.836
	1.470
	−1.167



	
	
	
	
	
	
	
	OMC5
	0.834
	1.482
	−1.266



	KS
	3.41
	0.99
	0.75
	0.78
	0.85
	0.66
	KS1
	0.718
	−1.253
	−0.138



	
	
	
	
	
	
	
	KS2
	0.869
	−0.043
	−0.828



	
	
	
	
	
	
	
	KS3
	0.844
	−0.385
	−0.452



	FP
	3.26
	0.71
	0.72
	0.73
	0.84
	0.65
	FP1
	0.709
	0.515
	−0.961



	
	
	
	
	
	
	
	FP2
	0.833
	1.405
	0.078



	
	
	
	
	
	
	
	FP3
	0.860
	1.386
	−0.027



	I
	2.96
	0.99
	0.79
	0.80
	0.86
	0.61
	I1
	0.801
	−0.893
	−0.398



	
	
	
	
	
	
	
	I2
	0.753
	−1.242
	−0.070



	
	
	
	
	
	
	
	I3
	0.823
	−0.859
	−0.280



	
	
	
	
	
	
	
	I4
	0.742
	−0.789
	0.213







Note: OMC3 and OMC4 items were removed from the instrument because their factor loadings are below a minimum criterion. OMC—Open-mindedness culture, KS—Knowledge-sharing, FP—Financial performance, I—Industry 4.0, SD—Standard Deviation, Cα—Cronbach’s Alpha, CR—Composite Reliability, AVE—Average Variance Extracted.
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Table 3. Construct correlations and square root of average variance extracted and heterotrait-monotrait ratio of correlations (HTMT) values.
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	Construct
	1.
	2.
	3.
	4.





	1.
	Open-mindedness culture
	0.807
	0.767
	0.356
	0.401



	2.
	Knowledge sharing
	0.587 *
	0.813
	0.384
	0.380



	3.
	Financial performance
	0.255 *
	0.288 *
	0.803
	0.439



	4.
	Industry 4.0
	0.310 *
	0.307 *
	0.347 *
	0.781







Note: * p < 0.001. The bold diagonal elements represent the square root of AVE. Values below the diagonal are the construct correlations. Values above the diagonal are the HTMT values.
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Table 4. Structural model results.






Table 4. Structural model results.





	Hypothesis
	Suggested Effect
	Path Coefficient
	t-Value
	p-Value
	95% BCa CI
	Support





	H1: Open-mindedness culture → Industry 4.0
	+
	0.163
	3.527
	0.000
	(0.069; 0.251)Sig.
	Yes



	H2: Knowledge-sharing → Industry 4.0
	+
	0.134
	2.633
	0.008
	(0.034; 0.236)Sig.
	Yes



	H3: Open-mindedness culture → Knowledge-sharing
	+
	0.587
	17.550
	0.000
	(0.513; 0.646)Sig.
	Yes



	H5: Financial performance → Industry 4.0
	+
	0.267
	6.293
	0.000
	(0.175; 0.342)Sig.
	Yes







Note: BCa CI = bias corrected confidence interval. Sig. = a significant direct effect at 0.05.
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Table 5. Bootstrap test of direct, indirect, and total effects.






Table 5. Bootstrap test of direct, indirect, and total effects.





	Hypothesis
	Direct Effect
	95% BCa CI
	Indirect Effect
	95% BCa CI
	Total Effect
	95% BCa CI





	H4: Open-mindedness culture → Knowledge-sharing → Industry 4.0
	0.163
	(0.069;0.253) Sig.
	0.079
	(0.020;0.142) Sig.
	0.242
	(0.165;0.315) Sig.







Note: BCa CI = bias corrected confidence interval; Sig. = a significant direct effect at 0.05.
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Table 6. Multi-group analysis by company size.






Table 6. Multi-group analysis by company size.





	
Relationship

	
Path Coefficient

	
Micro vs. Small

	
Micro vs. Medium

	
Small vs. Medium




	
Micro

	
Small

	
Medium

	
P.c.diff.

	
p-value

	
P.c.diff.

	
p-value

	
P.c.diff.

	
p-Value






	
FP → I

	
0.256 *

	
0.233 *

	
0.238 *

	
0.023

	
0.833

	
0.018

	
0.892

	
−0.004

	
0.976




	
KS → I

	
0.028

	
0.209 *

	
0.247

	
−0.181

	
0.091

	
−0.218

	
0.207

	
−0.037

	
0.828




	
OMC → I

	
0.288 *

	
0.080

	
0.159

	
0.208

	
0.032

	
0.129

	
0.435

	
−0.079

	
0.656




	
OMC → KS

	
0.562 *

	
0.609 *

	
0.660 *

	
−0.047

	
0.498

	
−0.097

	
0.325

	
−0.051

	
0.628








Note: Acronyms used in this table are listed in Table 1. P.c.diff.—Path coefficients difference. * a significant direct effect at 0.05.
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