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Abstract

:

Sustaining a competitive position on the market has become crucial in order to survive in the dynamic environment under the influence of Industry 4.0. Industrial and service sectors have been affected by new technologies, such as automation, robotization, VR, AR or Big data, and their strategies towards future innovation and focus need to be reevaluated. This requires a revision of theoretical models that assess the external environment and following opportunities and threats. Our original study of 573 Slovak companies presents an analysis of Porter’s five competitive forces in the context of innovation activities and perceived impact of Industry 4.0 on companies. The research results provide a deep insight on the relevance of company size, maturity or sector to the different perspectives of the P5F model, as well as make clear the impact of each force on company measures and activities conducted in recent years. Our findings point to the strong technology push and main focus on product innovation, while reveal a paradigm shift in perceiving the power of suppliers. Results of our study lead to practical implications and enrich the theory on the relevance of strategic analysis in current era.
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1. Introduction


The concept of the Fourth Industrial Revolution (Industry 4.0) was first presented at Hannover Messe in Germany in 2011. Its characteristics are cyber-physical systems, Internet of Things, Cloud computing and Big Data. The goal is to achieve efficiency and perfection with the help of automation [1]. The number “0” after 4 is based on the analogy of the software version designation, which means that the development of the industry falls under the technological development of information technology [2]. In the current era, product life cycles are shortening, and consumers demand products to be more complex and unique, which poses challenges to the manufacturing process. Industry 4.0 changes production—traditional, centrally controlled processes become decentralized and are based on self-regulation of products and work units that interact with each other. The concept works on the principle that products manage their own production, during which virtual reality is interwoven with the real one [3]. The connection of the physical and virtual world creates industrial ecosystems in which processes arise from the network interaction between objects, people and information. The industrial ecosystem can be understood as a network of firms in geographic proximity that allows firms to benefit from cooperation and gain competitive advantages [4]. It is driven from theories of industrial symbiosis, where companies exchanged input and output materials, for example, or used coordinated resource management [5,6]. Digital systems in today’s networks allow product creation to be planned and implemented with minimal human input, so that organizations will subsequently be able to offer the market a wide range of products tailored to customers without increasing costs. Big Data traveling between machines, robots and logistics processes are able to predict breakdowns, adapt production to new conditions and change inputs in the production process [2]. From the point of view of the competition, it is no longer enough to produce faster, cheaper and better, but it is also necessary to devise new innovative and digital strategies in order to ensure a competitive advantage in the long term [7]. We based our study on Porter’s Five Competitive Forces (P5F) model, which allows managers to anticipate trends in the industry and changes in the competition in order to influence it with strategic decisions that will ensure a competitive advantage. It is an analysis of five forces, comprising customer bargaining power, supplier bargaining power, the threat of substitute products, the threat of new entrants and intra-industry competition. The first four factors operate independently of each other but intensify intra-industry rivalry [8]. However, in today’s environment, companies face competition not only within their own industry, but across different industries. With the exponential increase in information technology, access to various information that provides insight to organizations from other industries is also increasing. Through digitization, companies easily gain knowledge about suppliers and their competition [9].



1.1. Porter’s Model of Five Competitive Forces


The P5F model was developed by Michael E. Porter and describes five competitive forces and essential causes that reveal the roots of industry profitability and serve to predict and influence competition over time. Understanding the industry structure is necessary for a company’s strategic position. Strategy can be explained as building a defense against competing forces or finding a position where the forces are weakest. Competitive forces reveal the important drivers necessary for competitiveness. Thinking about industry structure helps to uncover opportunities, such as differences in customers, suppliers, substitutes, potential entrants and competitors that are the basis for different strategies, which lead to a good market position. P5F also shows if the industry is attractive to investors [10] (Figure 1).



Porter (1979) describes competitive forces as follows [12]:




	
Threat of new entrants: entry barriers protect the industry from newcomers who would try to gain market share. The strength of the threat of entry depends on the existing barriers and the response of existing competitors. Obstacles can be economies of scale, product differentiation, capital requirements, cost disadvantages independent of size and access to distribution channels and government policy.



	
Bargaining power of customers: if the power of customers prevails, they will use their influence to lower prices or demand a higher value of the product/service. In this case, the profitability of the industry will be lower because customers will get more value. Consumers are more sensitive to price when products are undifferentiated, expensive relative to income or where quality is not important.



	
Bargaining power of suppliers: if suppliers are strong, they will use it to charge higher prices or insist on more favorable terms. The profitability of the industry will be lower because the suppliers will get more value for themselves.



	
Threat of substitute products or services: substitutes are products that meet the same needs as the established product. The more substitutable the product, the lower the profitability of the industry. Substitutes require a high degree of attention if they are subject to trends that can improve their price–performance ratio with the industry’s product or if they are produced by industries that achieve high profits.



	
Rivalry among existing competitors: if the rivalry between competitors in the industry is high, profitability will be lower. Rivalry can take the form of price competition, advertising, introducing new products to the market and increasing customer service.








The intensity of these five forces varies across industries. In industries where the five forces are balanced (soft drinks, mainframe computers, database publishing, pharmaceuticals, cosmetics), many competitors achieve attractive returns on invested capital. In industries where the pressure of one or more forces prevails (rubber, aluminum, many fabricated metal products, semiconductors, small computers), only a few companies are profitable in the long term. The model determines the profitability of the industry as it shapes the prices that firms can charge, which are the costs and investments needed to be competitive [12].



Porter’s model helps companies to look at the balance of forces in the market, it helps in determining the strengths and weaknesses of the industry, it is also used in identifying the structure of the industry, determining business strategies (especially when establishing a new company or entering a new industry) [13]. The model is oriented towards external analysis, which, unlike the traditional SWOT analysis, allows to focus on the reaction to changes in the external environment. The model can also be combined with other models, such as PEST (political, economic, social, technological environment), through which it is possible to understand the dynamics in the environment. The model also points to the importance of searching for imperfect markets that bring opportunities in the form of high profits (however, this cannot be achieved in perfect competition) [14].



The following examples show the usefulness of P5F In business/economy:




	
Through the analysis of the five competitive forces, Apple was able to gain a good position in its industry. With the advent of the Internet and digital distribution of music, its illegal downloading arose. Record companies also tried to develop their own platform for distribution, but major labels did not want to sell their music through a competing platform. Apple entered this market with the iTunes music store, which reduced the number of brands in the market [10].



	
In the trucking industry, customers operate large fleets while demanding a low price. Manufacturer Paccar focused on one group of customers in the industry where competitive forces were weakest—individual drivers who own trucks and contract directly with suppliers. These customers are less sensitive to price due to emotional ties to their trucks. For them, Paccar developed features such as luxurious sleeping cabins, plush leather seats, elegant exteriors, etc. [10].



	
Shi et al. (2021) conducted a study in which they verified the sustainability of the five forces model and its subsequent integration into the Chinese business economy [15]. The study showed that the five forces model was used to control the profitability and attractiveness of the industry during startups and expansions. However, there are differences between Chinese business and Western business. Chinese companies rely on good relationships, e-commerce, innovation and quality services rather than watching the competition. Their business philosophy is based on the fact that the competitive environment is an ecosystem and all participants in this industry (customers, suppliers, competitors, substitutes, new entrants) are interdependent and develop together. They see competition as temporary, because companies must work together to create and maintain a business environment with joint efforts.









1.2. Criticism of P5F


Critics of Porters model of five forces point to several areas such as its specific emphasis on large organizations [16] or the missing dynamic aspect [17,18], reflecting the expectation that the rivalry on the market may end only in zero-sum results. The current dynamics, however, show that coping with threats from other forces may be achieved through partnering with other entities resulting in mutual benefits. From the perspective of the application of P5F to today’s environment, some authors point to the shift in perspective in the case of specific forces as well as to missing the broader picture [16,19,20], which incorporates other driving forces of the industry and today’s environment. Fisk (2016) points to a noticeable shift in power to customers, while the effect of competitors becomes more inferior [21]. In the context of the power of suppliers, more arguments appear regarding the shift from a rather linear model of collaboration to more network or ecosystem oriented. Quiang et al. (2021) help promote understanding by explaining that the ecosystem allows to focus on more than just a value chain of processes by also looking for opportunities and collaborations in different backgrounds as well as industries [22]. Other critics of Porter’s five competitive forces model represent Shapiro and Varian (1999), who claim that Porter has no explanation for the choice of the given five competitive forces [23]. According to Dälken (2014), an important aspect that the model does not take into account is digitization [24]. The spread of the Internet and technological innovations is changing the global economy. The exponential spread of digital products, thus, questions Porter’s model. Lee et al. (2012) criticizes the model because its analytical power is limited by not being able to quantify the overall competitive state as well as the degree of each force [25].




1.3. P5F and Innovation


Digital transformation has caused organizations to focus their strategy on people. Today, people use products and services differently than they did 40 years ago. Additionally, new competitors are much more aggressive, and as long as competition continues, Porter’s model of competitive forces can provide organizations with a basic overview of it. Technology helps in the fight to all who are willing to use it in the global market [26].



More than 20 years ago Dowes (1997) identified three complementary forces that drive the competition in industries, which are digitalization, globalization and deregulation [27]. While these forces have been specific mainly to the times when Dowes adjusted the model, we can use the idea to shape the P5F model in relation to era specifics, such as currently, as all the world and companies are coping with the challenges of Industry 4.0, which is driven by many technologies, such automation, robotization, digitalization, big data, AI, VR and others. Of course, Industry 4.0 does not only affect technology but regulation as well, thus, we do not only look for deregulation in specific industries as Dowes (1997) pointed out, but also to the change in regulations in the dynamic environment. In Industry 4.0, it could be, for example, directing state investments to specific industries or technologies, such as described in publication by Wellner, S., and Lakotta, J. (2020) [28].



The context of the era specifics gives P5F a new dimension. We perceive that the topicality of this model is constant; however, the power in dimensions can shift due to the dimension of era specifics. Larry et al. (2014) tried to add an additional force to the model, called “level of innovativeness“, building on theories of innovation as a driver for sustaining competitiveness in the market, mainly due to the shortening product and design life cycles [9]. However, innovation has become essential for sustainability in the dynamic environment that we now face. It is apparent that companies focus on innovation activities in coping with the external and internal environment while they develop different kinds of innovation activities, focused on processes, products, organization, technology, marketing or the whole business model [29]. Porter’s five forces model gives input to the process of innovation while giving insight on external dynamics and helps identify opportunities and threats that can drive the change of organizational behaviors, reactions to competitors, strategies, products and portfolios, etc. [16]. In this context, we argue that innovation does not have to be perceived as one of the forces; however, innovation activities could be driven by different forces.



The current era, characterized by the Fourth Industrial Revolution, is moving in an interesting way from only an industrial view of digitization or technological progress to a perspective where it touches all industries, including service sectors, to a greater or lesser extent [30]. This progress is in line with characterizing digitalization by Johnson (2014), in that it leads to the sophistication of existing IT technology (that can be applied across industries), enlargement of the use of digital technologies and digitalization of processes in procurement, for instance, integration of processes across networks and digitalization in output processes and sales [9].



Information technology greatly affects P5F. For example, if the number of competitors increases, the intensity of competitors will be high. Firms in the industry must use information technology to survive and gain a competitive advantage. With their help, they can differentiate their products and create a higher value for the customer, a new product, improve efficiency and cost advantage [24].



A more modern strategy that reflects innovation concerning the concept of coping with the dynamic environment and disruption is Kim a Mauborgne’s (2005) Blue Ocean Strategy, which allows companies to gain advantage by creating new markets without existing competitors (in contrast to red oceans full of competitors) [31] or Ismail’s (2014) concept of “exponential organization“, defined as a strategy to innovating top-down, bottom-up and from sides (using the concept of the Blue Ocean Strategy) [32], thus, combining all approaches to innovation to gain competitiveness. Furthermore, companies can use separated innovation “hubs“ or teams, which can focus on innovative solutions to business problems with high risk potential. By having a separate innovation team and leadership, it is possible to sustain current activities that bring revenues in the current corporate culture while developing new possibilities for future development. Additionally, Chesbrough’s (2003) concept of open innovation is a very topical model that can help speed up innovation processes as well as creating opportunity for sharing knowledge, costs, increasing effectiveness and more mutual benefits for entities collaborating in innovation processes [33]; these can be business partners, universities, customers and consumers, competitors, non-profit organizations, science parks and other institutions.



The literature review on PF5 forces clearly emphasizes the necessity to review this strategic model, which has been used for over decades now. Several authors [16,17,18,19,20,21,22,23,24,25,26,27,28] have pointed out that the specifics of companies, as well as the role of the external environment in the context of globalization, in their drive for innovation or digitalization, may affect the informative value of this analysis. Simultaneously, this model can not be used in order to derive direct predictions in the dynamic environment, which is far from the equilibrium state. This leaves a literature gap on how companies perceive competitive forces in a specific era and environment as well as how accurate the original model is in today’s conditions. To close the literature gap on PF5 accuracy with respect to the current environment, it is necessary to conduct empirical research, testing the assumptions and findings presented by previous research. Following that, this article specifically focuses on the current era in the context of the Fourth Industrial Revolution, which affects companies through new technologies, such automation and digitalization, and creates a strong push for innovation in order to sustain a competitive position in the market.





2. Materials and Methods


The aim of this study is to analyze the approach of companies to innovation activities in the current era under the influence of Industry 4.0, drawing from competitive factors based on Porter’s model of five forces. The approach of our analysis reflects the criticism of Porter’s model in the current era and focuses on explaining the behavior of companies in relation to specific forces in the external environment. For the purpose of analysis, we have conducted an original survey of 573 Slovak companies.



The research was conducted through electronic questionnaire distributed to managers and owners of companies in the period from 2020–2021. The questionnaire was comprised of 5 questions describing the respondent‘s category, including company size, maturity level, domestic or foreign subsidiary, type of industry and subjective perception of company as stable, flexible and efficient, innovative, lean or chaotic. The research questionnaire was part of a research project and consisted of 19 questions, while for the purpose of this paper, we have focused on 7 questions.



The sample size has a confidence level of 98% with a margin of error 5%; thus, the results can be interpreted as representative of the whole population of Slovak companies. This unique research sample represents all company sizes, with 76.79% representing SMEs and 23.21% representing large companies. Furthermore, the sample was categorized based on maturity level, with 2.44% starting companies (startups), 17.98% growing companies and 79.58% mature companies. Within the research, the majority of companies were Slovak-domestic (73.12%), 20% were foreign-based (subsidiaries) and 6,81% were identified as “other”. In the context of Porter’s analysis of external factors in industry, we further analyzed the perspectives of selected sectors, which were represented by industrial sectors (35.43%) and service sectors (50.26%). For the sectoral analysis we have excluded organizations from the public sector (12.22%) and third sector (2.09%) (Table 1).



The research framework (Figure 2) consists of two sections of analysis. The first section is focused on in-depth analysis of respondents in the context of Porter’s five forces theoretical model with respect to the classification of respondents based on size, maturity, country of origin and sector. The second section is focused on analysis of impact of each individual factor of the PF5 model on the company’s measures, which have been conducted in previous years in response to the environment, Industry 4.0 and COVID-19, followed by analysis in relation to current activities conducted by companies. In each of these analyses, we used control variables characterizing the research sample to identify which of the PF5 factors significantly impact the company’s behavior, both in previous years and present, with specific focus on activities linked to Industry 4.0 challenges, such as innovation, product development, automation and digitalization. Within the second section of analysis, we formulated three hypotheses following previous research in theoretical background, described in the Data Analysis section.



The first section of the research is focused on deep analysis of Porter’s five forces in the context of Slovak companies and the current era. The respondents were asked to rate their expectations of the impact of Industry 4.0 on their industry, with six factors, of which five represented competitive forces and added an aspect of legislative norms with a focus on green technology and environment (with regards to EU Agenda 2030). The listed factors were as follows:




	
Stronger competition between existing companies;



	
Content change—creation of new products based on new technologies, innovations;



	
Changing the relationship with suppliers (Procurement 4.0);



	
An increase in the demands and expectations of buyers and customers;



	
Entry of new competition into the industry (horizontal and vertical integration);



	
Legislative standards (green technology, CO2, environmental limits, safety).








Scaling was based on a Likert scale from 1–4, where 1 represented “do not expect impact, or very low”; 2—“low to middle impact”; 3—“middle to high impact”; 4—“very high impact”. Within the deep analysis, we have used Pearson’s correlation coefficient to identify possible relations of company characteristics to their expectations of Industry 4.0 impact and further analyzed specific sectors.



The second section of the analysis was focused on activities of companies in relation to the external environment and PF5. In order to further understanding linked to Industry 4.0 specifics, we have looked at measures that companies have conducted in past years (2020–2021) in response to the environment, Industry 4.0 and COVID-19, where companies could select a suitable number of measures from 19 possible measures:




	
Process innovation.



	
Automation.



	
Computerization.



	
Outsourcing.



	
Restructuring.



	
Implementing cost reduction initiatives.



	
Strengthening product development and innovation.



	
Aggressive marketing.



	
Change of employment–legal relations.



	
Hiring/admission of specialists.



	
Product diversification.



	
Focusing (specialization) on the market or customers.



	
Strategic partnerships.



	
Re-evaluation of suppliers.



	
Optimization of the supply–customer chain.



	
Stopping investment activities and projects.



	
Introduction of online communication channels for communication with customers.



	
No measures.



	
Other measures.








For the purpose of the analysis, it was necessary to analyze not only previously conducted activities but also priority activities that companies are focusing on now (How much activity is carried out in your organization for the development of the following factors?), where respondents could answer on Likert scale from 1–4, with 1 representing no activity and 4 representing intensive activity. The analyzed factors were as follows:




	
Quality of human resources.



	
Optimization and efficiency of processes.



	
Knowledge sharing among employees.



	
Generation of innovations.



	
Building the brand and image of the organization.



	
Customer relations.



	
Relations with other external entities.



	
Technologies—hardware, devices.



	
Technologies—applications, software, licenses.



	
Automation, digitization.








Data Analysis


For the purpose of data analysis, we have used correlation analysis as well as regression analysis with a significance level at p = 0.05. Linear regression was used in order to identify moderating factors in activities focused on innovation and technological advancement, which are key activities for sustainability in the dynamic and fast changing environment of Industry 4.0. The independent variable selected was the measure or activity of the company, while independent variables were PF5 and control variables, including the company’s characteristics of size, maturity, origin and sector. For the purpose of the assessment of correlation analysis, we followed Rimarčík’s approach to the assessment of qualitative data, where a correlation from 0.1–0.3 was defined as low, from 0.3–0.5 as moderate and from 0.5 or higher as high [34].



Based on the current state of the literature on the topic of industrial competitive forces and its effects on companies’ behavior, we have formulated the following hypotheses for the purpose of data analysis:



In relation to Fisk [21], we perceive the threat of new innovative products to be the key driving force in the current environment under the influence of Industry 4.0 and economic dynamics. However, as Fisk mentions the shift to the power of customers, we argue that the expected impact of Industry 4.0 is not strong on this force, while the products are currently driven more by the industrial sector than customers, thus, we expect that H1 will not be confirmed, but H2 will be confirmed.



H1. 

Companies expect changes driven by Industry 4.0 significantly more in buyers’ force than in industry rivalry.





H2. 

Companies expect changes driven by Industry 4.0 significantly more in substitute force than in industry rivalry.





Following Bruijl [16], the external environment can have a strong impact on innovation activity, while we expect that the current Fourth Industrial Revolution will lead to a stronger focus on content change in products and innovations driven by new technology.



H3. 

Companies innovate in Industry 4.0 technologies significantly more due to substitute force than other Porter’s forces.







3. Results


In a general overview of the assessed P5F plus legislative standards in the environment, in the sample group of 573 Slovak companies, we observe that the strongest effect of Industry 4.0 is expected to be on the increase in demands and expectations of buyers and customers and content change—creation of new products based on new technologies, innovations. These represent the buyers’ force and the force of or threats of substitute products, based on strong customer orientation. This is followed by the expected rivalry in the market and expected changes in legislative standards (in this case we mentioned standards linked to Europe’s Agenda 2030 and green energy and environmental policy). Interestingly, the lowest change is expected on threats of new entrants to the industry and changing relationships with suppliers. This general assessment is presented in Figure 3.



Figure 4 presents a detailed assessment of PF5, based on the percentage of companies that see the impact of Industry 4.0 on each force as low, low to middle, middle to high or high. Of Slovak companies, 57% see only low or low to middle impact on the entry of new competition. However, 70% of companies in the research sample expect an increase in the demands of customers and 63% expect content change.



While the research sample consisted of companies of different sizes, sectors, countries of origin and maturity levels, we have conducted correlation analysis to identify the possible links and relations to the specific PF5. Within the country of origin (domestic or foreign-based company) and maturity level there was no significant link to the assessment of P5F. On the other hand, the results presented in Table 2 show that the size of a company mattered in case of procurement, increase in demands and legislative norms, which were expected to be affected by Industry 4.0 slightly more within larger companies compared to smaller. In sector analysis, stronger rivalry, content change and entry of new competitors were more expected within service sectors.



As presented in Figure 5, 67% of companies operating in service sectors expect middle to high or high impact of Industry 4.0 on content change—creation of new products based on new technologies and innovations, compared to 60% of companies in industrial sectors.



While the main purpose of the original PF5 model is based on sectoral analysis, we have conducted in-depth analysis on seven industrial sectors and six service sectors in Slovakia. The correlation analysis presents five forces with the following abbreviations and added legislative standards:




	
1F—Stronger competition between existing companies.



	
2F—Content change—creation of new products based on new technologies, innovations.



	
3F—Changing the relationship with suppliers (Procurement 4.0).



	
4F—An increase in the demands and expectations of buyers and customers.



	
5F—Entry of new competition into the industry (horizontal and vertical integration).



	
Legislative standards (green technology, CO2, environmental limits, safety).








Table 3 presents low correlation in the link of the engineering industry to stronger rivalry, and content change expected in the automotive and electrotechnical industries. On the contrary, a negative low correlation of −0.12 in the construction industry presents low expectations for content change. Legislative standards are again linked mostly to the automotive industry in Slovakia, which is a strong leading industry.



In service sectors, stronger rivalry under Industry 4.0 is expected mostly in wholesale and retail, with low correlation, as presented in Table 4. Content change is expected in information and communication technologies, and not expected in legal, accounting and business consulting (with a negative low correlation of −0.11). Additionally, in information and communication technologies, legislative standards are the least expected under the influence of Industry 4.0 (with a correlation of −0.13).



P5F in the Context of Current Innovation Activities


This study, however, does not aim to focus on deep sectoral analysis in the context of PF5 but to analyze the specific behaviors of companies in the context of activities and innovations linked to the changes in the environment under Industry 4.0. The current research and literature has already pointed out that Industry 4.0 does not affect only industrial services, but the entire business environment, including service sectors. Following that, we have conducted the following analysis on a sample of 573 Slovak companies, covering all the categories of companies as well as ensuring a statistically sufficient sample of more than 383 companies to provide statistical significance for the generalization of results representative of the whole population of Slovak companies.



Slovak companies in the era of Industry 4.0 have mainly focused on the introduction of online communication channels, implementing cost reduction initiatives and process innovation. All these measures have been conducted during the period from 2020–2022 in reaction to the external environment, including the COVID-19 pandemic. Interestingly, 18% of companies have stopped investment activities and projects, and only 17% have focused on building strategic partnerships (Figure 6). Strengthening product development and innovation, linked to P5F, was conducted by 24% of companies. While innovative activities are still low in Slovakia compared to other European countries based on the European Innovation Scoreboard (Slovakia on 23rd place in 2021), it is still important to understand the motivation for such innovative behavior, in this case, in the context of PF5. As presented in Table 5, regression analysis shows that the moderating effect on the dependent variable—strengthening product development and innovation can be observed only in F2—expected change in content—the creation of new products based on new technologies and innovations in the industry under the influence of Industry 4.0. This is not affected by size, country of origin, maturity or sector. For comparison, cost reduction initiatives are not significant to any changes in environment or company specifics in regression analysis.



In Table 6, we present regression analysis for conducting automation in companies operating in Slovakia. Automation, as a driving technology for Industry 4.0, is affected as well by F2—change in content in products and innovations from the analyzed P5F. However, automation is also affected by the size of the company, being conducted more in larger companies and more in service sectors. This can be understood in the context of the later effect of Industry 4.0 on services, spreading the technology from industrial sectors to other supporting sectors. Interestingly, growing companies show more automation activities than mature companies. This, however, is mostly linked to the more agile behavior of growing companies (Kohnová et al., 2022 [20]) as well as their stronger innovative drive.



In previous regression analysis, we have focused on measures conducted in previous years. Following that, now we analyze the current activity of companies in the same context of PF5 forces. The current activities linked to adaption of Industry 4.0 technologies, such as automation and digitalization, present another view on the expectations of changes within the market. Companies were analyzed based on how much activity is currently ongoing in the specific areas, in this case, automation and digitalization. Even this analysis presents similar results (Table 7). Current activity is dependent on the size and sector, where more activity in digitalization and automation can be observed in service sectors and larger companies. We observe that the intentions in automation/digitalization are even stronger in service sectors compared to already conducted measures as shown in Table 7, presented by beta coefficients (0.07 in previous activities, 0.21 in current activities shows increasing focus of service sectors on automation/digitalization). As well as the significance of F2—content change within PF5, here, we observe the importance of effects on 4F—an increase in the demands and expectations of buyers and customers.



Similar results can be observed in activities focused on technology, such as software, hardware or applications, with the main significant control independent variables being size, sector, content change and increase in demands of customers. In addition to the analyzed technological activity of Slovak companies, the following analysis presented in Table 8 shows that content change is linked to almost every activity currently conducted in companies and to changes in demands as well. In Table 8, we have highlighted correlations greater or equal to 0.15, which occur mainly in two analyzed factors. However, it is important to point out relations with other external entities, which have only very low links to expected impacts of Industry 4.0 on the industrial environment. For many strong innovators (based on European ranking, for example), it is partnerships and an open innovation approach particularly that allow companies to overcome industrial challenges and develop and implement innovations more quickly, thus, creating and sustaining their competitive advantage [35]. Similarly in the context of Industry 4.0 technologies, their development and implementation is often very cost intensive and requires several operational changes in the organization, as well as changes that effect employee relations, recruitment, communication networks, procurement, etc., thus, affecting other entities that could be part of the innovation process. As shown in the first part of the analysis in this article, a focus on strategic partnerships was low, both in current activities and in previous measures.



Similar to our approach to PF5 to Industry 4.0 challenges, Deloitte’s 2020 study of 2029 executives discovered what the priorities are in terms of the strategic focus of investment in Industry 4.0 [36]. More than half of the leaders (56%) prefer protecting organization from the disruption of new or existing competitors, while 26% invest in disrupting competition with new ways of doing business, 53% finding growth opportunities for existing products and services and 40% developing innovative/differentiated products and services [37].





4. Discussion


Technological progress is drastically changing the lives of people all over the world. Technologies such as the mobile phone and the Internet have created a new kind of economy that enables quick access to information, where consumers expect fast delivery, up-to-date information about a product, its price, user feedback and more. In order to ensure such dynamics in the market, organizations are changing their business models and value chains [38]. Results of our study show that the most important impact of Industry 4.0 within P5F is on content change—creation of new products based on new technologies and innovations, which has been significantly higher than the impact on rivalry among competitors. Our results show that activities that have been conducted in previous years, such as the development of new products and innovations or process automation, as well as activities that are currently realized, such as automation/digitalization, has been linked significantly to expected content exchange, not rivalry in the market, proving H2: Companies expect changes driven by Industry 4.0 significantly more in substitute force than in industry rivalry. H2 hypothesis has been proven even in the context of differences in service and industrial sectors. On the other hand, H1: Companies expect changes driven by Industry 4.0 significantly more in buyers’ force than in industry rivalry has not proven statistically significant for higher expected impact of buyer’s power over rivalry. Increase in demands and expectations of customers was found to be a moderating factor for current activity in the automation and digitalization of companies, which can be understood also from the perspective of digitalization services offered by companies. In this context, we can see in our analysis that only wholesale, retail and engineering sectors are significantly affected by change in customer demands. These results point to a strong technology push that is driven by Industry 4.0 and impacts the content change of products and innovations. In the industrial environment, we can observe a so-called technology-first rollout, which represents an approach to innovation based on making solutions without obvious value opportunities. The Fourth Industrial Revolution brought not only the technology push itself (new technologies and improvements) but also changes in the needs of industry and production systems and processes (application-pull) [39]. However, in the context of Industry 4.0 studies, there is still a strong discussion linked to shifting from technology push to pull from customers [40,41,42], for example, through smart factories that enable production that is customer-centric and individualized, or creating innovation ecosystems that allow other entities to participate in innovation processes and projects. Another possibility of customer integration is also through servitization, by introducing service that, on the one hand, benefits customers, and, on the other hand, are beneficial for internal processes [43]. In this context, Industry 4.0 technologies as big data can be used to get a deeper understanding on the customer experience [44] and, thus, help to find the equilibrium of push and pull approaches.



In the context of rivalry, it is important to note that according to Porter, high rivalry can occur when companies want to compete against others, when they are not familiar with each other and where there is a high number of players and they share the same size and power [10]. While we could specifically analyze each sector and define the level of existing rivalry, our results clearly present that rivalry does not have a significant impact on current activities under the influence of Industry 4.0. This can be interpreted by the strong impact of Industry 4.0 on companies, specifically on technology development, automation/digitalization and innovation activities together with strategic necessity for building and developing networks, which is in line with the research of Wang and Wilkessmann [45,46]. These Industry 4.0 challenges lead to a decrease in barriers among companies on the one hand, and, on the other hand, speed up the innovation processes and changes in the content of the market, as well as lead to changes in organizational processes.



The strong importance of content change and substitute products in our research has been proven in innovative activities of companies conducted in past years and current times as well. Innovation and product development was one of the top five measures realized in response to the environment and COVID−19 from 2020–2021, and it was driven mainly by expected content change of products on the market, regardless of size, maturity, sector or country of origin of companies, which confirms our hypothesis H3: Companies innovate in Industry 4.0 technologies significantly more due to substitute force than other Porter’s forces. Similar results were linked to automation activities, where they were implemented significantly more by less mature companies with larger size, and slightly more within service sectors. Automation and following Industry 4.0 technologies were driven by industrial sectors in the beginning of Industry 4.0, while these technologies also affect service sectors, and we can observe a current strong focus on the automation and digitalization of processes and services for customers. Our results, in this case, are in line with the expectations of the European Commission in that a new wave of automation will soon disrupt service sectors, for example, through various applications of service robots [47] Further, growing and larger companies are often the drivers of technological innovations in the Slovak economy based on our results, while many smaller and mature companies lag behind with the implementation of new technology and innovation. In this case, it is especially important for smaller companies to overcome the barriers of transformation to Industry 4.0, such as cost intensity or large operational challenges, through strategic partnerships, for example, building within the supply chain. In this context, it is important to mention that the Slovak Republic is closely linked to the German economy, mainly through automotive industry, where many innovations are driven by German companies and headquarters and are further implemented into supply chains in the Slovak Republic.



Interestingly, our results show that Slovak companies do not expect a large impact due to Industry 4.0 on supplier force, neither in the service or industrial sectors. In previous years, based on our results, 22.5% of Slovak companies did re-evaluate suppliers. These results can be explained through the concept of Procurement 4.0 [48,49,50], utilizing digital technologies and IoT to automate processes and operations that lead to cost saving, building trust within the supply chain, reducing risks, increasing connectivity or introducing new opportunities for innovation within the chain or business model development. The resulting low impact of supplier force, thus, explains change in relations in the supply chain. Companies focus on managing relations with their suppliers rather than finding new suppliers, and by introducing smart systems in their supply chains they can gain long-term mutual benefits from cooperation and supply chain resilience [51].



Industry 4.0 has brought more transparency and accuracy to the systems of procurement and supply chain relations, and we argue that it has shifted the Porters perception of bargaining power of suppliers. It seems, that in assessment of external forces it is not the aim to define the power of supplier, however to analyze the form and structure of supply chain relations together with processes, technologies and communication. Nowadays businesses tend to have close relations with their suppliers and audit their internal processes and price calculations in order to make their internal decisions. On one hand the manufacturer for example is willing to finance not just main costs of the supplier but their innovation activities as well, however is not willing to pay for inefficiencies. Furthermore, these close links with suppliers are one of the key elements of building successful innovation ecosystem around a company [52] and important part of Chesbrough’s topical open innovation approach [33]. Today, many globally oriented organizations have started to build their relationship with the supplier at the partner level, as they realize that this cooperation leads to competitiveness [53,54].



In our analysis, we have focused on Legislative standards (green technology, CO2, environmental limits, safety) in respect to Europe’s Agenda 2030 and thus strategic areas for future development. This external factor did not have a significant impact on current activities in general sample, however within automotive industry, we could observe a low significant correlation. Automotive industry is the strongest leading industry in Slovak republic, and thus we can expect that Legislative standards will have an impact on activities, products and innovations offered by automotive industry in future. The effect of external entities on content change and thus technology-push can be seen even in context of smart specialization, approach based on identifying strategic areas and potential of countries or regions and knowledge-based investments focusing on strengths and comparative advantages. This approach aims at concentration of resources and capabilities in order to generate new activities in specific regions [55,56]. Furthermore, Technology Foresight [57] is another approach linked to technology-push, were by systematic exercise and activities it is possible to see the long-term evolvement of technologies, innovation and science and from that adopt and develop new policies.



When analyzing company activities linked to Industry 4.0 and its technology’s, we believe it is important to mention and important phenomenon of “information asymmetry” [58]. While this has not been a primary topic in our research, we believe that it is important to incorporate this phenomenon in future research of Industry 4.0 technology and its implementation. Information asymmetry represents an imbalance in knowledge between negotiating partners about specific factors, details or information. A specific example can be when a seller offers “lemon to market”, hoping to gain advantage of customer who is unaware of real worth. The level of presented digitalization can in this case have various informational values. First of all, presented level of digitalization is not forthright and could be not reliable for customer and if misled, it could create risks for business partners. On the other hand, higher level of digitalization does not necessarily lead to better state, on contrary theory presents several negative effects [59] such anxiety, organizational culture unfavorable for creativity or creation of unintentional disinformation.




5. Conclusions


Our findings lead to a comprehensive outlook on external forces based on Porter’s model of five competitive forces in the current era under the influence of Industry 4.0. While the current literature focuses on the specifics of each of the external forces, it is necessary to understand the strategic model in the current environment and outline the practical implications of the results. While there is a strong stream of literature focused on the customer-centric impact of Industry 4.0, our results present a still dominant technology push in companies operating in Slovakia. In addition to customer orientation, the theory reveals new concepts, such as Industry 5.0 or Society 5.0, which call for higher focus on societal perspectives, sustainability, resiliency and coping with long-term issues of humanity [60]. Without doubt, these issues need to be addressed; however, the business approach is still driven by many policies and global competition, which strengthens the position of industry-driven innovation. For example, we can mention electric vehicles, which are strongly supported in developed countries, and push manufacturers to shift production from combustion engines to electric, regardless of market demand.



Still, in the current dynamic environment, the key to sustainability and success of organizations is innovation. Innovation in the context of system dynamics can be enriched and sustainable through building strategic partnerships and innovation ecosystems, where organizations can develop new ideas, products and services together with customers, suppliers, universities, research centers and other entities to fight against competition [61,62]. Today, it is not only important to protect against the five competitive forces, but it is essential to cooperate and maintain innovation due to the increasing power of the Internet and new information technologies. The technological advancements we see, whether in logistics, distribution or communication, make it possible for organizations to buy and sell products on a global level. One of the new approaches for how to cope with external forces under the influence of Industry 4.0 is to utilize agile principles and agile management in organizations, in order to create a more flexible environment that can simplify processes of customer integration as well as cope with the everchanging environment and technological progress. Agile management has become observable mostly in growing innovative organizations; however, it is still problematic to implement in stable organizations [20]. Furthermore, strategic partnerships can create a large comparative advantage for partners in the long term, in contrast to only project-oriented activities or short-term-oriented collaborations, which do not create space for the common addressing of strategic issues that arise from coping with the dynamic environment of Industry 4.0. These issues do not only include cost reduction or focus on productivity gains, but also on managing structural changes that will work toward a more qualitative path of future growth and sustainability.



The purpose of this article within the theory was to point out the importance of the specifics of the economic environment in the application of strategic models, in this case the model of five competitive forces according to Porter, which is one of the key analyses used for the characteristics of the industry. We perceive the contribution of this paper, especially in the field of strategic management research, considering that Porter’s model has been adopted and used for decades in an unchanged form. In this analysis of the PF5 model in the context of current challenges linked to the economic environment and Industry 4.0 challenges, our results clearly show that companies are not affected by rivalry in the industry or supplier force in their decisions on activities linked to innovation, automation or digitalization. On the contrary, the strongest effect is created by the threat of substitutes, mainly by content changes in products and innovations on the market. This is an interesting result also in relation to analyzing the dependent market economy (DME), such as the Slovak Republic, where despite this, suppliers are not the main driving force for conducted measures and innovations.



The contribution to the theory of strategic management is also in relation to following previous research and testing hypotheses following Fisk [21], where our results do not prove buyers’ force as a key driver of innovations on the current market; on the contrary, our findings lead to a still persistent strong push to market approach of companies. With regards to Bruijl [16], our findings confirm the necessity of the broader application of the PF5 model through the inclusion and consideration of specific factors, such as era specifics (Industry 4.0 in the case of this era, for example) or size and maturity level of the company in order to interpret the significance and impact on each of the competitive forces.




6. Limitations and Future Research


This study was conducted on a research sample of 573 Slovak companies, which offers a unique statistically significant outline of population behavior. However, Slovakia belongs to moderate innovators based on the European Innovation Scoreboard and falls behind innovation leaders in adapting to Industry 4.0 challenges. Thus, we perceive that these outcomes could be enriched by following studies conducted on countries that belong to innovation leaders to compare and identify possible differences in approach to the external environment based on innovation maturity level. Further studies are also needed to test the relevance of strategic analysis of the environment in current era, which leads to the disruption of many theories that were applicable under circumstances linked to previous decades.
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Figure 1. The Five Competitive Forces that Determine Industry Competition. Source: Porter, M. E. (1990). The Competitive Advantage of Nations [11]. 
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Figure 2. Research framework diagram. 
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Figure 3. General assessment of expected changes in PF5 under Industry 4.0 (N = 573). 
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Figure 4. Percentual assessment of company expectations of Industry 4.0 on P5F. 
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Figure 5. Percentage comparison of companies in industrial and service sectors based on expected change in content within P5F. 
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Figure 6. Percentage comparison of companies that have realized specific measure in response to the environment from 2020–2022 (N = 573). 
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Table 1. Categorization of research sample (N = 573).
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	Categorization
	Slovak Companies





	services
	50.26%



	industry
	35.43%



	other
	14.31%



	micro
	21.47%



	small
	31.59%



	medium
	23.73%



	large
	23.21%



	domestic
	73.12%



	subsidiary
	20.07%



	other
	6.81%



	starting
	2.44%



	growing
	17.98%



	mature
	79.58%
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Table 2. Correlation analysis of PF5 forces in context to company categorization.
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	Size
	Sector
	Domestic/Foreign
	Maturity





	Stronger competition between existing companies
	−0.01
	0.20
	−0.02
	−0.09



	Content change—creation of new products based on new technologies, innovations
	0.08
	0.11
	0.01
	−0.04



	Changing the relationship with suppliers (Procurement 4.0)
	0.14
	0.06
	0.04
	−0.01



	An increase in the demands and expectations of buyers and customers
	0.11
	0.06
	0.02
	−0.02



	Entry of new competition into the industry (horizontal and vertical integration)
	−0.04
	0.17
	0.00
	−0.09



	Legislative standards (green technology, CO2, environmental limits, safety)
	0.17
	−0.03
	−0.01
	0.04
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Table 3. Correlation analysis of industrial sectors and PF5.
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	F1
	F2
	F3
	F4
	F5
	Legislative Standards (Green Technology, CO2, Environmental Limits, Safety)





	Automotive industry
	0.03
	0.12
	0.05
	0.05
	0.04
	0.10



	Electrotechnical industry
	0.02
	0.10
	0.03
	0.00
	0.02
	0.06



	Engineering industry
	0.10
	−0.01
	0.05
	0.02
	0.05
	0.03



	Construction industry
	0.06
	−0.12
	−0.01
	−0.02
	−0.05
	−0.08



	Wood processing industry
	0.00
	−0.05
	−0.02
	−0.09
	−0.02
	0.01



	Agriculture
	−0.02
	−0.07
	0.04
	0.01
	0.03
	0.08



	Pharmaceutical and medical industry
	−0.07
	−0.08
	−0.07
	−0.09
	−0.10
	−0.06
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Table 4. Correlation analysis of service sectors and PF5.
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	F1
	F2
	F3
	F4
	F5
	Legislative Standards (Green Technology, CO2, Environmental Limits, Safety)





	Information and communication technologies
	0.01
	0.11
	−0.02
	0.00
	0.10
	−0.13



	Wholesale, retail
	0.13
	−0.03
	0.01
	0.07
	0.08
	0.07



	Transport, logistics and storage
	−0.02
	0.05
	0.09
	0.00
	0.03
	0.05



	Financial and insurance services
	0.02
	0.09
	−0.05
	0.09
	−0.01
	0.00



	Accommodation and catering services
	0.05
	0.02
	0.08
	0.08
	0.06
	0.05



	Legal, accounting, business consulting
	−0.06
	−0.11
	−0.09
	−0.09
	0.02
	−0.01
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Table 5. Regression analysis—drivers for strengthening product development and innovation.
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	ANOVA
	
	
	
	
	
	
	
	





	
	df
	SS
	MS
	F
	Significance F
	
	
	



	Regression
	10.00
	8.23
	0.82
	4.82
	0.00
	
	
	



	Residual
	562.00
	96.01
	0.17
	
	
	
	
	



	Total
	572.00
	104.24
	
	
	
	
	
	



	
	Coefficients
	Standard Error
	t Stat
	p-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%



	Intercept
	0.20
	0.13
	1.46
	0.14
	−0.07
	0.46
	−0.07
	0.46



	Size
	0.01
	0.02
	0.55
	0.59
	−0.03
	0.04
	−0.03
	0.04



	Sector
	0.04
	0.03
	1.68
	0.09
	−0.01
	0.09
	−0.01
	0.09



	Domestic/foreign
	−0.04
	0.03
	−1.48
	0.14
	−0.10
	0.01
	−0.10
	0.01



	Maturity
	−0.07
	0.04
	−1.82
	0.07
	−0.14
	0.01
	−0.14
	0.01



	1F
	−0.03
	0.02
	−1.20
	0.23
	−0.07
	0.02
	−0.07
	0.02



	2F
	0.11
	0.02
	5.25
	0.00 **
	0.07
	0.15
	0.07
	0.15



	3F
	−0.03
	0.03
	−1.26
	0.21
	−0.08
	0.02
	−0.08
	0.02



	4F
	0.02
	0.02
	0.65
	0.51
	−0.03
	0.06
	−0.03
	0.06



	5F
	0.01
	0.02
	0.51
	0.61
	−0.03
	0.06
	−0.03
	0.06



	Legislative standards (green technology, CO2, environmental limits, safety)
	−0.01
	0.02
	−0.36
	0.72
	−0.05
	0.03
	−0.05
	0.03







** significance level at p < 0.01
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Table 6. Regression analysis—drivers for automation in companies.
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	ANOVA
	
	
	
	
	
	
	
	





	
	df
	SS
	MS
	F
	Significance F
	
	
	



	Regression
	10.00
	8.80
	0.88
	5.75
	0.00
	
	
	



	Residual
	562.00
	86.07
	0.15
	
	
	
	
	



	Total
	572.00
	94.87
	
	
	
	
	
	



	
	Coefficients
	Standard Error
	t Stat
	p-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%



	Intercept
	0.01
	0.13
	0.10
	0.92
	−0.24
	0.26
	−0.24
	0.26



	Size
	0.08
	0.02
	4.69
	0.00 **
	0.05
	0.11
	0.05
	0.11



	Sector
	0.07
	0.02
	3.02
	0.00 **
	0.03
	0.12
	0.03
	0.12



	Domestic/foreign
	0.02
	0.03
	0.79
	0.43
	−0.03
	0.08
	−0.03
	0.08



	maturity
	−0.12
	0.04
	−3.27
	0.00 **
	−0.19
	−0.05
	−0.19
	−0.05



	1F
	0.01
	0.02
	0.64
	0.52
	−0.03
	0.05
	−0.03
	0.05



	2F
	0.04
	0.02
	1.96
	0.05 *
	0.00
	0.08
	0.00
	0.08



	3F
	−0.01
	0.02
	−0.60
	0.55
	−0.06
	0.03
	−0.06
	0.03



	4F
	0.01
	0.02
	0.34
	0.73
	−0.04
	0.05
	−0.04
	0.05



	5F
	0.03
	0.02
	1.40
	0.16
	−0.01
	0.07
	−0.01
	0.07



	Legislative standards (green technology, CO2, environmental limits, safety)
	0.00
	0.02
	−0.14
	0.89
	−0.04
	0.04
	−0.04
	0.04







** significance level at p < 0.01, * significance level at p < 0.05.
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Table 7. Regression analysis: Current activity in the area of automation/digitalization.
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	ANOVA
	
	
	
	
	
	
	
	





	
	df
	SS
	MS
	F
	Significance F
	
	
	



	Regression
	10.00
	52.02
	5.20
	8.15
	0.00
	
	
	



	Residual
	562.00
	358.61
	0.64
	
	
	
	
	



	Total
	572.00
	410.63
	
	
	
	
	
	



	
	Coefficients
	Standard Error
	t Stat
	p-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%



	Intercept
	1.63
	0.26
	6.26
	0.00
	1.12
	2.14
	1.12
	2.14



	Size
	0.12
	0.03
	3.49
	0.00 **
	0.05
	0.19
	0.05
	0.19



	Sector
	0.21
	0.05
	4.22
	0.00 **
	0.11
	0.30
	0.11
	0.30



	Domestic/foreign
	0.00
	0.06
	0.08
	0.94
	−0.11
	0.12
	−0.11
	0.12



	maturity
	−0.02
	0.07
	−0.26
	0.79
	−0.16
	0.12
	−0.16
	0.12



	1F
	−0.01
	0.04
	−0.30
	0.77
	−0.10
	0.07
	−0.10
	0.07



	2F
	0.19
	0.04
	4.61
	0.00 **
	0.11
	0.27
	0.11
	0.27



	3F
	−0.08
	0.05
	−1.66
	0.10
	−0.18
	0.02
	−0.18
	0.02



	4F
	0.17
	0.05
	3.54
	0.00 **
	0.08
	0.26
	0.08
	0.26



	5F
	−0.05
	0.04
	−1.11
	0.27
	−0.13
	0.04
	−0.13
	0.04



	Legislative standards (green technology, CO2, environmental limits, safety)
	−0.04
	0.04
	−1.08
	0.28
	−0.12
	0.03
	−0.12
	0.03







** significance level at p < 0.01
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Table 8. Correlation analysis of PF5 in relationship to current activity of companies in selected areas (N = 573).
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	F1
	F2
	F3
	F4
	F5
	Legislative Standards (Green Technology, CO2, Environmental Limits, Safety)





	Quality of human resources
	0.12
	0.18
	0.05
	0.12
	0.11
	0.00



	Optimization and efficiency of processes
	0.16
	0.21
	0.12
	0.18
	0.10
	0.04



	Knowledge sharing among employees
	0.06
	0.20
	0.05
	0.11
	0.11
	−0.01



	Generation of innovations
	0.10
	0.27
	0.12
	0.15
	0.16
	0.05



	Building the brand and image of the organization
	0.11
	0.15
	0.09
	0.13
	0.03
	0.00



	Customer relations
	0.17
	0.17
	0.13
	0.16
	0.12
	0.00



	Relations with other external entities
	0.11
	0.05
	0.12
	0.10
	0.02
	0.02



	Technologies—hardware, devices
	0.11
	0.17
	0.06
	0.16
	0.08
	0.11



	Technologies—applications, software, licenses
	0.12
	0.17
	0.09
	0.17
	0.06
	0.05



	Automation, digitization
	0.12
	0.25
	0.08
	0.22
	0.09
	0.05
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