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Abstract

:

Advanced manufacturing solutions, augmented reality, and cloud and big data are technologies pertaining to Industry 4.0. These technologies improve working conditions, create new business models, and increase both productivity and firm quality production. However, they can also improve life and society as a whole. This new perspective, oriented toward social and global well-being, is called Society 5.0. As has happened for all past industrial revolutions, Industry 4.0 will support the transition to a different society, i.e., Society 5.0. In this transition, open innovation and value co-creation can play an important role. The aim of the study was twofold: to examine how Industry 4.0 features and enabling technologies can support the transition to Society 5.0 and to investigate the roles of both open innovation and value co-creation within this transition. A conceptual framework was developed to jointly consider for the first time Industry 4.0, Society 5.0, open innovation, and value co-creation, which are all challenging issues that firms must cope with nowadays. Managers could profit from these insights to design ad hoc strategies in order to benefit from the opportunities emerging from this transition and overcome the main related challenges.
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1. Introduction


The Fourth Industrial Revolution, also called “Industry 4.0,” has recently become a relevant phenomenon and one of the most internationally prominent topics in both industry and academia today [1,2,3,4]. Industry 4.0 can be understood as the combination of physical and digital technologies, such as artificial intelligence (AI), cloud computing, big data, adaptive robotics, augmented reality, additive manufacturing, and the Internet of things (IoT) [3]. It can be considered the core and the result of digital transformation in firms, especially in manufacturing activities [5]. Despite the opportunities originating from digitalization at each stage of the production and service systems, the management side of Industry 4.0 has not yet been studied in depth and its definition remains ambiguous, even if it has already been stated that Industry 4.0 must be considered as “the result of a purposely formulated strategy implemented over time” [4] (p. 16). Although its manufacturing basis is focused on new technologies [6], the next industrial revolution, Industry 4.0, will lead to both important changes in societies and the adaptation to changing environments [7]. Considering that firms are the locus of innovation within societies [8] and that innovation today is more and more often realized with individuals as part of a “human-centered” society, this is consistent with the concept of Society 5.0, which can “balance economic advancement with the resolution of social problems by a system that highly integrates cyberspace and physical space” [9]. Furthermore, as Society 5.0 can only come through data-driven innovation [10], the link between Industry 4.0 and Society 5.0 looks really tight. Indeed, Society 5.0 was proposed as the desired future society of Japan in the Fifth Science and Technology Basic Plan, where it “follows the hunting society (Society 1.0), agricultural society (Society 2.0), industrial society (Society 3.0), and information society (Society 4.0)” [11]. This “social reform,” as can be read in the same document, “will achieve a forward-looking society that breaks down the existing sense of stagnation, a society whose members have mutual respect for each other, transcending generations, and a society in which each and every person can lead an active and enjoyable life” [11]. In this sense, it is clear that Industry 4.0 can greatly support the transition to Society 5.0, a society with sustainability at its core, thanks to its features and enabling technologies (i.e., big data, AI and IoT).



At the same time, firm innovation processes realized through open innovation (OI) following a value co-creation perspective can assume a strategic role in this transition, focusing on the opening and sharing of innovations between firms and society as a whole. Notwithstanding the close link between Industry 4.0 and Society 5.0 outlined above, this issue remains unexplored in the management literature, as is also the joint role of OI and value co-creation.



Therefore, the aim of the study was to explore two main research topics:




	
how Industry 4.0 features and enabling technologies can support the transition to Society 5.0;



	
the role of both OI and value co-creation within this transition.








However, there is another underlying issue related to these topics, namely, big data. Indeed, information and data play an essential role in each domain considered in this study and their role must be understood to fully explore the two main issues driving this study.



In this context, Fukuda [10], for example, claims that the advent of Society 5.0 is taking place thanks to data-driven innovation, while the Organization for Economic Co-operation and Development (OECD) states that “big data, are becoming a core asset in science, technology and innovation ecosystem which enhances productivity, fosters new industries and create economic competitive advantages and social welfare benefits” [12] (p. 29).



Therefore, big data are both a key element of the new Society 5.0 and an essential enabling technology in order to run effective OI and value co-creation processes, e.g., just think of their role in the development of new products and services.



As a consequence, another topic needed to be investigated in this study, namely, the interplay between the mentioned models and big data and the reason why they are all necessary for the transition from Industry 4.0 to Society 5.0.



To explore the above-mentioned issues, this study examined the main contributions toward this transition, with a focus on Industry 4.0, the transition from Industry 4.0 to Society 5.0, the role of OI and value co-creation in this transition and big data, assuming a managerial perspective. Then, it puts forward a conceptual framework to understand how Industry 4.0 features and enabling technologies can support the transition to Society 5.0, what role both OI and value co-creation assume within this transition, and how big data might contribute to the achievement of Society 5.0.



Theoretical and managerial implications, as well as the limitations of this study and future avenues of research, are presented in the concluding section of this paper.




2. Literature Review


A systematic literature review is often used to present the state of the art of a quite recent topic and to suggest new avenues of research. However, this methodology requires the subject matter to have been studied for at least several years in order to understand, for example, which issues have already been studied by scholars and which are the main streams of literature that have already emerged. The most important aim in this methodology is to draw a clear picture of the subject matter and to identify the gaps in the literature that already exist in order to help scholars to further explore the subject matter. Even though some authors agree there is no minimum number of published papers that constitutes a systematic literature review [13,14], it is also true that a systematic literature review considering only a few papers or only two years has not yet been published. Unfortunately, this is the case with the link between Industry 4.0 and Society 5.0. Indeed, from a search using the keywords “Industry 4.0” and “Society 5.0” in the Scopus database, the main resource in management studies [15], only 58 published documents appeared, which were reduced to only 6 documents using the methodological approach of Tranfield et al. [16] and limiting the selection to management, the domain in which this paper fall, and papers published in English referred journals [17] (please see Figure 1 and Table 1).



Moreover, the other combinations of keywords (keywords “Society 5.0” and “open innovation”) returned no documents (please see Figure 2), and the keywords “Society 5.0” and “value co-creation” returned no documents (please see Figure 3) that were able to identify any contributions that establish the state of the art of the subject matter studied in this paper.



This is not surprising given that it is only in the last two years that scholars have begun to investigate Society 5.0. Given the few papers available using the systematic review approach, our search for contributions on this subject was widened to sources other than English international referred journals to encompass conferences, white papers, etc., that were able to help us identify at least some of Society 5.0’s essential features, as well as the links with Industry 4.0, OI, and value co-creation. In this domain, it is also worth noticing that to publish in referred journals, authors undergo a refereeing process, which takes time such that contributions on new subjects usually appear in these outlets with some delays.



Therefore, this literature review does not follow a “traditional” systematic literature review approach, even if it encompasses all the papers retrieved with the methodology summarized in Figure 1, Figure 2 and Figure 3 above.



The analysis of the literature was divided into several sections to identify the relationships between the various topics analyzed (Industry 4.0, the link between Industry 4.0 and Society 5.0, OI, value co-creation, and big data).



2.1. Industry 4.0: Some Essential Insights


Only recently has a definition of Industry 4.0 in the management domain been established that includes all relevant elements appearing in the literature and highlights the role of strategy for this transition to new production methods that dramatically change firm business models. It underlines that “Industry 4.0 refers to the integration of Internet of Things technologies into industrial value creation enabling manufacturers to harness entirely digitized, connected, smart, and decentralized value chains” [6] (p. 423) that can “deliver greater flexibility and robustness to firm competitiveness and enable them to build flexible and adaptable business structures, [acquiring] the permanent ability for internal evolutionary developments in order to cope with a changing business environment” [7] (p. 583). Additionally, Industry 4.0 can be observed “as the result of a purposely formulated strategy implemented over time” [4] (p. 16). From this definition, it emerges that innovations resulting from the Fourth Industrial Revolution have profoundly influenced firm strategies and operations, which at the moment is almost always with reference to technical aspects. Indeed, the areas most affected by the introduction of innovations pertaining to Industry 4.0 are growth and employment [10,18], though, at the same time, there are positive results regarding productivity, investments, and efficiency in terms of business processes [19]. However, in recent literature, some threats linked to Industry 4.0 have emerged, such as the expected job reduction highlighted by Birkel et al. [20], even if, at this stage, the debate is still wide open considering that the digital transformation is ongoing and it follows diverse paths in different countries, industries, and firms. Taking a picture of Industry 4.0 management literature today, it is possible to identify various aspects and/or issues that have already been studied, such as production methods, business models [21,22,23], strategy [24,25,26], impact and outcomes of Industry 4.0 [27,28,29], human resources [30,31,32], effects on small-to-medium enterprises (SMEs) [33,34,35], the supply chain [36,37,38], sustainability [6,39,40], information systems [41], and social innovation [42]. However, in none of the retrieved studies did the main research question involve investigating how Industry 4.0 will reshape societies, with the exception of some papers that examined the consequences of Industry 4.0 for firms, such as the impact of value creation [2] or its benefits [29], such as firm flexibility, demand orientation, sustainability, automated knowledge, learning, and productivity optimization. Another element that emerges from the literature is the analysis of Industry 4.0 enabling technologies. Indeed, many authors [43,44,45] have investigated the Industry 4.0 set of technologies and, although various classifications were proposed, the most used by scholars are those provided by Rüßmann et al. [19] and Brunelli et al. [46].



The authors identified nine enabling technologies in the Industry 4.0 domain: advanced manufacturing, additive manufacturing, augmented reality, simulation, horizontal/vertical integration, IoT, the cloud, cyber-security, and big data. Furthermore, AI can also be added to this list in that it is considered “essential to clearly define its structure, methodologies and challenges as a framework for its implementation in industry” [47] (p. 20). Finally, it is worth noticing that, besides the above-mentioned enabling technologies, the “human side” of the organization cannot be neglected as it benefits from the innovations and advantages of Industry 4.0 [48].




2.2. From Industry 4.0 to Society 5.0


Industry 4.0, as briefly described above, represents the main driver of innovation within firms in recent years. However, firms by their nature are the locus of innovation for societies [8], while Society 5.0, as already underlined, needs data-driven innovation to be realized [10].



It is clear that, as has happened in the past, in this case, a different kind of society should emerge from Industry 4.0, with the proposed Society 5.0 being a clear consequence. In particular, in the proposed future Society 5.0, Japan, which defines its strategy to guide technological innovation processes, has decided to put technological innovation in the spotlight based on the fact that it can be fully considered as a tool for social innovation and not just a factor leading to changes in firms and business processes. In this way, it has been clearly stated that technological innovation plays an essential role in realizing the transition to Society 5.0.



The Japanese Government has not adopted the term Industry 4.0 due to considering these new technologies too simplistic to impact the pillars of Japanese society but has chosen the term “super-smart society” and stated that Society 5.0 will be achieved through it [49].



Society 5.0 can be considered the philosophical response promoted by Keidanren, the powerful Japanese Industrial Association, to the German concept of Industry 4.0 [50].



The term Society 5.0 was first used in the Fifth Science and Technology Basic Plan [51], which is a program whose aim is to connect physical space (the real world) and cyberspace, taking advantage of all the potential of new technologies in order to achieve an ideal future society.



Mavrodieva and Shaw [52] define Society 5.0 as “similar to Industry 4.0 but [it] takes a step forward, depicting a data-driven economy and society—a Super Smart Society, with a focus on individual needs and capabilities. The concept envisages a merge between the real (physical) world with the cyberspace in order to efficiently collect more precise and personalized data for improved problem solving and value creation” (p. 3). In this future society, individual and/or organizational needs would be accurately identified and satisfied by providing all the required top-quality products and services in the required amount at exactly the required time [49]. For the Japanese Government, IoT, AI, robotics, and other enabling technologies, which all pertain to Industry 4.0, will radically change social structures and industrial features.



Therefore, their role must be considered essential in the transition to Society 5.0, which “has its roots in Japanese culture and managerial thought, but presents significant innovations: it is a process that must be carried out together with citizens who are required to actively participate and, therefore, not just top-down; recognizes and underlines the importance of creating less formal relationships between people, businesses, universities and the Public Administration; highlights the need to develop a more intense collaboration with foreign people and firms, which bring in technological knowledge of the frontier” [49] (p. 53).



When analyzing this definition, several elements emerge: (a) the primary role of managerial thought; (b) the active role of citizens, considered as individuals; (c) the need for less informal relationships within society as a whole, whether individuals pertain to firms and/or otherwise; (d) the need for collaboration; (e) the need to develop new technological knowledge through collaboration. The elements emerging from the definition recall the collaboration and the involvement of several subjects in the realization of the transition from Industry 4.0 to Society 5.0 (i.e., citizens or the society as a whole); in this domain, from a managerial point of view, the involvement of OI and value co-creation processes can be seen (please see infra).



The first insight supports the consideration that the transition to Society 5.0 must be planned, organized, and managed, putting the managerial strategy to be formulated and implemented at the very core of its success; this will be the first step for a successful transition, i.e., step (a) above.



This matches perfectly with the new definition given for Industry 4.0, which considers that Industry 4.0 needs an ad hoc strategy [4] and clarifies that the transition from Industry 4.0 or the super-smart society [49] to Society 5.0 is the expected result of efforts made by all involved firms and organizations sharing the same vision of a different society. However, linked to this are other insights coming from the definition of Society 5.0, which all depend on the active role of individuals (step (b)) who are the only ones able to build and run less informal relationships (step (c)) and who can enable collaboration (step (d)) that also leads to new technological knowledge (step (e)).



However, various scholars have recently raised some concerns about individuals in Society 5.0, such as Gladden [53], who identified six different types of participants, namely, “natural, biological human beings,” “artificially augmented human beings,” “metahuman beings,” “epihuman beings,” “parabeing humans,” and “nonhuman beings,” all of which are to be involved in the future Society 5.0, though not all of them have been considered real individuals as part of society until now, especially when considering the last two above-mentioned categories. More extremely in this sense is the claim of Nurullin [54], who defines Society 5.0 as a “self-devouring system.” Indeed, Society 5.0 suggests “to solve global problems of civilization by expanding the civilizational benefits,” (p. 1) which inevitably leads to the postponement of the ineluctable end of humanity, and in this way, would disintegrate the whole system of humanity.



However, all authors agree that individuals are the key for shaping the future society; the same focus which drives value co-creation and which justifies why individuals or participants are so important when speaking of Society 5.0 as well as firm contributions to it.



The latter even more frequently use some practices (e.g., co-creation) focusing on individual participation in firm activities, while others have completely reshaped their business model around them, where their consideration is essential for managing each aspect of the firm’s activities and to understand which firm contributions could help with building a new society. Indeed, individuals must be put at the very core of each aspect of the future society and must be supported by firms, which are obviously embedded in managerial thought. Firms, however, have already developed various approaches to enhance collaboration; OI (e.g., [55]), for example, is able to create new knowledge, not only at a technological level. Moreover, value co-creation following a strategic approach (e.g., [56]), which encompasses some OI processes, e.g., interactive coupled ones, is deemed to support the transition to Society 5.0 in that it is based solely on individuals and their active role. For this reason, it seems essential to look more in depth at the potential contribution of OI and value co-creation processes in the transition from Industry 4.0 to Society 5.0 given that Industry 4.0 will contribute to Society 5.0, just as Society 5.0 needs Industry 4.0 to be realized.




2.3. Open Innovation in the Transition from Industry 4.0 to Society 5.0


OI is based on the assumption that a single organization today has difficulty innovating alone; the best resources are not always within the firm [57].



To be successful in its primary function, i.e., innovation [58], engagement with a variety of partners is necessary to acquire input and resources from outside the firm to remain competitive [57,59,60]. OI can be understood as “a distributed innovation process based on purposively managed knowledge flows across organizational boundaries, using pecuniary and non-pecuniary mechanisms in line with the organization’s business model” [61] (p. 27). Therefore, OI emphasizes “that firms can and should use external ideas as well as internal ideas, and internal and external paths to market, as they look to advance their technology” [59] (p. 2). This allows firms to reshape their architecture and systems [59].



Nowadays, OI is a well-known model that is widely investigated in the literature, which seems really suited to support the dynamics of Industry 4.0 described above, with its basis being knowledge exchange and innovation supported by technology. Indeed, OI diffusion was widely supported by information and communication technology (ICT), e.g., just think of OI intermediary online platforms able to connect people and/or firms and/or organizations for collaboration all over the world [62,63]. Moreover, an OI system at an international level is recognized as the locus in which platforms and technologies pertaining to Society 5.0 can develop [39].



Industry 4.0 innovations foster the diffusion of OI in that they allow the sharing of knowledge, resources, innovations, etc., with multiple partners, thanks to an increasing number of new features and more effective, complex, and rapid enabling technologies. Therefore, for the development of Industry 4.0 and Society 5.0, the OI approach is of outstanding importance [64].



In this domain, Fukuda [10] analyzed the role of OI in the transition to Society 5.0, underlining the importance of collaboration and ecosystem creation for the mutual exchange of innovations, as well as focusing on the role of big data (please see Section 2.5 for more details).



The author states that “the public and private sectors will have to work together to create the right environment for growth, focusing on labor market frameworks, entrepreneurship, competition, and talent and skills development, as well as the safety and regulations regarding data sharing. These efforts could maximize the benefits of data-driven innovation and revitalize its productivity and growth in Society 5.0” (p. 13). In this way, OI processes assume a central role in that they are based solely on collaborations between different actors in the domain of innovation, which is, per se, essential to the transition to Society 5.0. Indeed, Salgues [65] directly investigated innovation in Society 5.0, stating that it must be characterized by “innovations in service […,] open innovation and frugal innovation” (p. 157). Further support of the essential role of OI in the transition to Society 5.0 was also provided by Timonina [66], who states that “in the context of building the Society 5.0—a super smart society, what becomes prioritized are such directions of scientific-technical and innovation policy as the consolidation of efforts of business, government, and academia, a more active use of the potential of university science on the principles of “open innovation”, the commercialization of research results conducted by universities, and the development of innovative entrepreneurship in the form of startups and ventures” (p. 93).



What clearly emerges from the above is that OI processes must be initiated and run not only among firms and/or organizations but among a plethora of actors who can and must all contribute to make the new Society 5.0 a reality; a plethora of actors that was envisaged right from the first definition of OI [67]. OI as a different approach to innovation brings these actors together and generates, through its processes, the collaboration needed to foster innovation in all organizations, as well as having collaborating actors generating the premise and the initial step toward the new Society 5.0.




2.4. Value Co-creation in the Transition from Industry 4.0 to Society 5.0


Whether all OI processes (inbound, outbound, or coupled [68]), involve individuals within firms and/or other institutions, only coupled interactive processes lead to value co-creation [69,70].



Value co-creation, therefore, must be seen as a “view start[ing] with interactions as the locus of value[, where] platforms of engagements with individuals are the locus of value creation, and co-creative enterprises follow a single principle: they focus their entire organization on the engagements with individuals” [71] (p. 11). Interactions are the locus of value [71] and the focus is on individuals and human experiences (e.g., [56]). Each individual thus co-creates value connected to all other individuals collaborating in co-creation processes, not just together and/or on behalf of the individual firm [72].



Value co-creation becomes a “win more-win more” approach that expands to “wealth-welfare-wellbeing all around,” where “co-creatively leveraging all stakeholder capabilities in meshwork of social, business, civic, and natural communities can lead to better states of governance, infrastructure, development, and sustainability” [56] (p. 31). From this statement, the tight link between value co-creation and the future Society 5.0 appears clear. Indeed, value co-creation processes, realized through interactions, such as that suggested by the definition of Society 5.0, affect the transition to this society.



However, value co-creation expands beyond the single domain in which interactions take place, enhancing the ecosystem of capabilities [56] and in this way, the entire society in which individuals live and operate. Indeed, “the process of value creation […] shifted from independent to interactive, from close to open, from stable to dynamic,” and in this way, the science, technology, and innovation ecosystem shifted “from a push-based system to a pull-based system” that is able to bring “value source from the inside and outside of the system” [15] (p. 13). In this domain, it is easy to recognize the primary and active role of individuals and the creation of less informal relationships that develop into interactions, while individuals collaborate in engagement platforms sharing, enhancing, and creating ever new resources, knowledge, etc.



All values created and shared between participating individuals simultaneously [70,73] and all the insights of the definition of Society 5.0 (please see Section 2.2) can be found in this managerial approach called value co-creation. Therefore, value co-creation can be considered the approach to be used to build Society 5.0. Value co-creation processes by individuals will bring great innovations at every level, and above all, new and varied experiences to both firms and society as a whole, nurturing it toward being more human-centered.



In other words, if firms are the locus of innovation for societies [8], it would appear that they have already adopted a human-centered way of innovating and achieving success through value co-creation processes. Indeed, firms already involved will be the first engine to start the shift of societies toward Society 5.0 as a result of firms developing newer technologies based on individual desires and expectations. Following the aforementioned considerations, it can be said that even if value co-creation can be interpreted as the managerial approach that is deemed to achieve Society 5.0, OI processes run by firms and/or other organizations involving individuals can also support this shift, not only per se but also because they foster innovation in all domains, including those encompassed in Industry 4.0, which in turn help to enhance OI processes through its features and enabling technologies.



To identify this virtuous mechanism in which various areas of society (firms, environment, and society in general) are integrated, Kaihara used the term “systems of systems” [74]; the “systems of systems” nurture never-ending value co-creation processes to realize a super-smart society. Indeed, the link between value co-creation and Society 5.0 is enabled by “inclusivity,” which represents “the first step [of] the co-creation strategy” [75] (p. 3), and at the same time, the first principle of Society 5.0 [52]. The inclusivity of the entire society, supported by the enabling technologies of Industry 4.0, allows the improvement toward Society 5.0 that “will be a Creative Society, where digital transformation combines with the imagination and creativity of diverse people to solve social problems and create value. In Society 5.0, humans will exercise imagination not only for themselves, but also for nature and technology to seek ways of achieving symbiosis with them” [76] (p. 8).



Data, or rather, big data are of paramount importance to achieve this aim. Indeed, as Unoura [77] states: “we will promote the creation of an environment for integrating, opening up, and utilizing data across sectors based on a new ecosystem to accelerate the realization of Society 5.0” (p. 7); it can easily be supposed that this new ecosystem is the ecosystem of capabilities, which is one of the pillars, together with the engagement platforms and the domain of experiences [78], of the value co-creation strategic approach.




2.5. Big Data: Some Essential Insights


Big data is an abstract concept [79], and over the years, numerous definitions have been proposed for it [80,81,82]. However, the most cited and shared definition is the one proposed by Laney [80], which suggests a threefold explanation, thus encompassing the “three Vs” that characterize big data: volume, variety, and velocity. The first important feature of the definition is the volume of data generated. From 2000 to today, the amount of stored data has increased exponentially [83], e.g., just think of the volume of information gathered every day on social media (e.g., Facebook and Twitter). The growth of the data volume is closely linked to the never-ending use of newer and newer advanced technologies (e.g., smartphones, PCs, devices, and smart TVs). Variety refers to how the boundless use of these new technologies, sensors, and smart devices has multiplied the assortment of data available to firms. Big data, therefore, include both traditional information and “raw, semi structured, and unstructured data from web pages, web log files (including click-stream data), search indexes, social media forums, e-mails, documents, sensor data from active and passive systems, and so on” [83] (p. 7).



Velocity is closely related to the first two. In fact, firms today have to manage a huge amount of data of exceptional variety, which needs to be extracted and elaborated more and more rapidly.



The amount of big data increases continuously, leading to the need for its continuous production, in that big data are very often made of real-time data providing instantaneous indications that can change rapidly, which can therefore be used successfully only at a given moment [83].



This definition has since been reiterated by the National Institute of Standards and Technology (NIST) [84] and Beyer and Leyner [85] and further expanded by IBM [86] to include a fourth V, namely, veracity. Buhl et al. [87] (p. 68) affirm that big data “are a multidisciplinary and evolutionary fusion of new technologies in combination with new dimensions in data storage and processing (volume and velocity), a new era of data source variety (variety) and the challenge of managing data quality adequately (veracity).” The latter encompasses the issues of trust and uncertainty regarding both data and the outcome of its analysis. Veracity considers some key aspects of data, in particular: confidentiality, integrity, and availability [88], and highlights the importance of data quality [86].



Big data concerning consumers are not always accurate; thus, veracity becomes even more important when the other three Vs are all constantly increasing [89]. In this context, Saha and Srivastava [90] underline how, given the volume, variety, and velocity of data collection and production, poor quality and false data can quickly be disseminated.



For this reason, the fourth characteristic of big data, namely, veracity, becomes fundamental in order to have concrete and truthful data; it is, therefore, necessary to understand and possibly repair incorrect data in a scalable and timely manner [90].



This shows why big data is so important in the application of Industry 4.0 innovations [91] and, in particular, in the new firm business model definition [87].



Big data are, in fact, produced by all firms, organizations, and individuals at every moment of their lives and are obviously produced when OI and value co-creation processes are run, almost certainly thanks to online platforms. Surely, they are of paramount importance in making the best decisions for firms when considering the abovementioned processes and, in this context, it is also clear that big data analytics are essential for leading innovation [15].



However, firms must be equipped with new datasets that span different contexts [92,93] to profit from this opportunity. At the same time, by extracting and elaborating upon big data, firms can enhance their knowledge of various issues, providing this data is truthful. Indeed, in this case, data are not always collected thanks to the “owners,” but are generated through all activities carried out almost always using technological tools by individuals; this is why privacy issues are even more important nowadays and why institutions act directly regarding protection (e.g., new rules about privacy have recently been issued by the European Parliament).



Going beyond the definition of big data and their paramount importance for firms, what is clear to scholars is that the rise of big data paves the way for newer and greater opportunities that not only have an economic impact but also have impacts at the social level and in the domain of everyone’s ways of living and thinking [79]. They can be considered as “a core asset in [science, technology and innovation] ecosystem which enhances productivity, fosters new industries and create economic competitive advantages and social welfare benefits” [15] (p. 9).



In the domain of the transition to Society 5.0, big data represent an important fulcrum [10,12,77,94,95], together with other Industry 4.0 enabling technologies (e.g., AI and IoT).



Indeed, as Pu and Yano [94] state: “in Society 5.0, a huge amount of information from sensors in physical space is accumulated in cyberspace. In cyberspace, Big Data is analysed by artificial intelligence (AI), and the analysis results are fed back to humans in physical space in various forms […, where] the IoT (Internet of Things) provides a crucial link between cyberspace and physical space” (p. 21). Therefore, big data, along with AI and IoT, represent the enabling technology that gives concrete input to the transition from Industry 4.0 to Society 5.0; in fact, “big data collected by IoT will be converted into a new type of intelligence by AI and will provide solutions for improved human lives” [95] (p. 4).



Furthermore, big data are of paramount importance in the OI domain in that “the characteristics of Big Data match positively with the principles of open innovation” [96] (p. 10), and for firms, it is essential to use and manage big data to acquire knowledge and skills to implement innovation strategies, as well as OI [59,97]. The use of big data, therefore, provides significant benefits in terms of OI through the creation of an open business model, in the management and analysis of markets, and finally in managing organizational changes and increasingly turning to innovation [96].



Big data, however, are also essential in value co-creation processes. Indeed, Xie et al. [98] stated that “big data is transformed from resources into cooperative assets in value co-creation processes” (p. 1046). Moreover, Troisi et al. [99] assumed that firms and consumers can co-create value by combining different information deriving from big data; the consumers’ big data can be combined by firms on digital platforms and contribute to co-creating value using OI rules and features.



Therefore, big data, among the Industry 4.0 enabling technologies, represent the “starting point” in order to begin the transfer of knowledge, resources, etc., and innovate from cyberspace to the physical space of firms and society in general, shaping the innovation processes following the OI approach [59] and involving a plethora of actors through engagement platforms by nurturing the ecosystem of capabilities and enhancing the domain of experiences, which creates a never-ending process toward a better society. Therefore, big data, following this perspective, can be understood as the main vehicle for transferring information and innovation and progressively building a better society, using OI and value co-creation as “enabling mechanisms” in order to achieve this aim [96,98].





3. The Framework


3.1. Basic Foundations of the Model


The theoretical framework proposed for the transition from Industry 4.0 to Society 5.0 is presented in Figure 4. It encompasses OI and value co-creation, without neglecting the role of big data, among other enabling technologies (AI and IoT). In addition, the framework is focused on the role of firms in the transition from Industry 4.0 to Society 5.0 because this transition certainly represents a pressing challenge for them and they are the locus of innovation in society [8].



The model is divided into two macro areas: cyberspace and physical space.



The area on the left refers to cyberspace, which is a typical environment of Industry 4.0 innovations, where the various enabling technologies that are useful for the transition to Society 5.0 are located (in particular big data, as already mentioned) [100]. In the area on the right-hand side of the figure, there is physical space, which is the real space in which firms (in part) and society as a whole, as well as individuals, operate [101].



This division into two areas means understanding how enabling technologies, beginning with big data, through the intervention of AI and IoT, allow for the conversion of information into concrete interventions on society in general, thus passing from a purely virtual environment (cyberspace) to a real and everyday life environment (physical space). In this view, IoT represents the concrete link between cyberspace and physical space [94], and in particular, it operates in the so-called cyber–physical systems (CPS) domain [102].



Indeed, as Ochoa et al. [103] (p. 1) state: “advances in wireless communication, in computing and in sensing devices, along with the cost reduction of these technologies, have prompted and accelerated the development of Cyber-Physical Systems”.



CPS represent an evolution of cyberspace that facilitates the integration of different and physically distant subjects such that IoT is placed at the center of the model as a link between cyber and physical space, operating concretely in the context of CPS [104].



Coming back to the other components of the model, in the transition to Society 5.0, the link between AI and IoT is very close; this is witnessed by the term “Internet of abilities” (IoA) [105], which was created by some authors to identify it.



The IoA can be defined as the “abilities in both human capability and AI capability [which] can be made transferrable, interconnectable, and work synergistically” [76] (p. 6).



Strictly linked to IoA is the concept of the Internet of Everything (IoE), which was recently proposed by scholars. Indeed, the IoE considers four fundamental pillars: people, data, processes, and things [106], where the involvement of people and their skills are expressed by IoA as its foundation. IoE has a broader scope than IoT and supports organizations, for example, in achieving public policy goals, environmental sustainability, economic, and social goals [107].



IoT, therefore, represents the central enabling technology of the proposed model and its subsequent extensions (i.e., IoA and IoE) that contribute to making it even more effective and useful for the transition from Industry 4.0 to Society 5.0.



In this context, an important role is also played by continuous learning and the education system.



Continuous learning helps with equipping all generations with even newer skills, which are necessary in the new vision of society; this is an issue that has already been pointed out by both some authors (e.g., [52]) and the Japanese government itself [108]. While the education system represents the “starting point” of continuous learning about the enabling technologies of Industry 4.0, it also provides the enabling mechanisms that are necessary to support the transition from Industry 4.0 to Society 5.0. Therefore, the educational system and continuous learning that involve learning about both enabling technologies and mechanisms are essential for making the transition to Society 5.0 concrete.



In addition, from Figure 4, it is clear that the proposed framework is made up of three different but closely intertwined parts.



The first one, on the left, represents the firm; the second, on the right, represents individuals within society; the central part is where firms and individuals cooperate in activities that are not carried out just on behalf of firms’ goals. Firms today are even more open to external collaboration, whether from other firms, research centers, professionals, individuals, communities, etc. (please see Section 2.3).



For this reason, firm boundaries have become porous and permeable [109] and allow OI to develop following various processes (inbound, outbound, and coupled [68]), where these are represented by the arrows for inbound, outbound, and coupled processes not leading to co-creation, while for coupled OI processes leading to co-creation, a special part of the figure, at the very center, has been created.



This clarifies that benefits coming from value co-creation are shared with individuals participating in firm activities (please see Section 2.4), as well as part of society.



Some firms innovate in the Industry 4.0 domain and rarely alone, thanks to collaboration (this is made clear with the round Industry 4.0 positioned on the left of the pale blue square that is partially inside and partially outside firm boundaries), while Industry 4.0 features and enabling technologies are used by almost all firms, even if each of them follows its own path in the digital transformation.




3.2. Processes and Model Operating Mechanisms


The core of the model is the enabling technologies of Industry 4.0, which make the transition to Society 5.0 possible.



Entering into the details of the functioning of the model, it is possible to observe that the most used enabling technologies in this domain are IoT (and its extensions, i.e., IoA and IoE) and AI in that they enable efficient and effective OI processes that are fundamental to business operations (indicated in the pale blue square in the figure).



Besides these, big data deserves a special mention in that it provides all the background information firms need for their decision-making processes. Additionally, big data, as already observed (see Section 2.5), combined with the use of enabling technologies, such as digital platforms (represented in the figure as a rose parallelogram), enable interactive, coupled OI processes that lead to value co-creation. In this domain, it is true that individuals can participate in OI processes within communities and that they can collaborate not only with firms but also with institutions as individuals or as part of communities, or only within individual communities in order to achieve special purposes (e.g., some kind of charity association).



All these activities, not including firms, are represented by the tight links between individuals in the pale green square on the right-hand side of the figure, excluding those in the parallelogram representing the shared space with firms. Indeed, co-creation and/or OI processes can also be run by other organizations (not directly by firms) involving individuals, and in this case, the domain in which the transition to Society 5.0 is more evident is in policy, health, etc. However, also in this case, it is true that almost all innovations enabling these processes come from firm innovation processes (e.g., digital platforms).



Thus, firms support the transition from Industry 4.0 to Society 5.0 not only per se or directly but also because they provide and support all other actors, such as institutions, individuals, and communities, in their OI and/or value co-creation processes, even if the results of these activities do not generate immediate benefits for them or do not involve them. However, emerging needs to be met and even new requests from individuals who are more involved and demanding of profits from enabling technologies and solutions spur firms to start innovation processes or enhance existing ones to create the premise for other interactions, innovations, etc., which easily go on to nurture the Industry 4.0 toolbox.



All these enabling technologies gradually become instruments for “everyday usage” by firms, individuals, institutions, etc., and support the ongoing transition at every level to Society 5.0. Big data in the individual domain enhances the human experiences of involved individuals who nurture the entire society, progressively transforming it into a different model, namely, Society 5.0. Obviously, in this future society, individuals aspire to better living conditions and today are more and more aware of the importance of sustainable development in a scenario where human needs are always present but where individuals expect much more in respect to the past because technology can support them in newer ways (e.g., an exoskeleton).



Moreover, individuals alone or as part of communities can create engagement platforms; sometimes it is the firm that joins an existing platform and starts to co-create with individuals participating in it [70].



However, institutions can create digital platforms in which they co-create by taking advantage of the thoughtful and enthusiastic participation of individuals and apply it to policy, health, etc. They are part of the Society 5.0 square on the right of the figure (these processes are not the focus of the study, which is on firms, but it is necessary to consider their existence, even though they are not studied at length). Only when firms are included, it is necessary to consult the parallelogram, where all participants can play a part in the co-created value and value co-creation following a strategic approach is carried out. Moreover, institutions can create ad hoc digital platforms to help firms in their innovation processes (i.e., [110]) and in this way contribute, at a certain moment, to ameliorate some aspects of individual lives in that firms are the locus of innovation in all industries of society. In this framework, individuals are thus at the very core because they enable interactions, which in turn, are the basis for both OI and value co-creation processes. Therefore, they will play a pivotal role above all if individuals are to be considered in the transition from Industry 4.0 to a Society 5.0 that includes “parabeing humans” and “nonhuman beings” [53], and thus would be guided exclusively, especially the latter, by AI.



This insight, even though it is of great interest, is still a thing of the future, which is to be studied in-depth after further development of such individuals. For this reason, this study could not shed more light on this specific issue.





4. Discussion


These first insights regarding the proposed framework help to investigate the three research topics underlying this study.



4.1. The Most Suited Technologies for the Transition from Industry 4.0 to Society 5.0


The most important Industry 4.0 technologies for the transition to the new Society 5.0 must certainly be big data, IoT (with its extensions IoA and IoE), and AI, which together provide all the initiating and sharing information processes.



In Society 5.0, AI will convert big data into a new widespread type of intelligence and IoT will allow for this transfer and use it within society. Life will be more sustainable and comfortable as only desired products and services will be provided as required. These enabling technologies become essential to initiate OI processes, both more easily and rapidly, as well as value co-creation among all individuals [111,112].



Thus, big data and these enabling technologies will be of paramount importance (please see the third research topic answer infra), while digital platforms will probably grow, given they sustain interactions between individuals.



Big data characteristically provide more effective and rapid interactions and will undoubtedly benefit from Industry 4.0 innovations. Indeed, Industry-4.0 enabling technologies nurture each other and they all, following various combinations, help run OI and value co-creation processes, which in turn, nurtures innovation in the domain of Industry 4.0.



Moreover, AI represents another essential enabling technology in the transition between Industry 4.0 and Society 5.0 in that, as already stated, it allows for the re-elaboration of information collected through big data.



At the same time, AI supports the diffusion of OI in firms by creating virtuous circles between individuals direct learning from external people and autonomous learning generated thanks to AI and then used by firms in their strategic decision-making process [113]. Furthermore, AI is closely linked to the co-creation of value as it allows for the numerous instances of “human-to-non-human resource integration” that are essential to run and carry out all the value co-creation processes [114] to be understood and explained.



Finally, IoT represents the concrete means for the transition to Society 5.0, the technology with which the results produced using big data are organized and disseminated with OI thanks to AI and are then transferred to the society as a whole through value co-creation processes.



Therefore, IoT is the enabling technology that permits the passage from cyberspace to the real world, clarifying the results obtained by the application of Industry-4.0 enabling technologies through the enabling mechanisms (i.e., OI and value co-creation) in order to achieve Society 5.0.



Indeed, as Mejtoft [115] affirms: the “Internet of Things makes it possible to incorporate and interact with customers in any phase of the value creation process. This is a prerequisite for a value centered design process of future products and services. A common view on co-creation is that value is created by collaboration, facilitated by technology (like the Internet), between people” (p. 673).



In the proposed framework, more complex technologies have been envisaged, such as AI nurtured by big data, such that data not only comes from customers regarding products and services created by firms but also data coming from individuals using these enabling technologies and enabling mechanisms (i.e., OI and value co-creation) to build a better society.




4.2. The Role of OI and Value Co-creation within This Transition


Value co-creation, in general, together with interactive, coupled OI processes, are the pillars supporting the transition from Industry 4.0 to Society 5.0, or rather the essential “enabling mechanisms.” OI processes have already evolved, beginning with the most studied and used inbound ones [116,117], followed by outbound ones, which are more profitable [118], then coupled ones, which pave the way to value co-creation. OI differs greatly from the closed innovation model, which was the only one known about fifteen years ago [116,119]. New technologies are clearly essential within this evolution and will continue to play an increasingly important role. However, the true innovation of co-creation, as well as Industry 4.0 and Society 5.0, is the different general approaches to individuals and their true value, both for firms and society. Given that firms create innovation within society, OI has clearly encouraged the development of synergies and joint results, and can therefore be considered the first enabling mechanism in the transition from Industry 4.0 to Society 5.0. Value co-creation, on the one hand, has made the role of individuals clear. It is now evident that individuals can not only successfully contribute to innovation in firms but also to society in increasingly innovative ways, given the twofold link that clearly exists today. Moreover, it can be said that through value co-creation processes, new insights, ideas, etc., are exchanged between firms and society in new and more rapid ways, creating a virtuous circle between innovation in firms and better conditions of life in society, where the real engine of this virtuous mechanism are the individuals supported by the enabling technologies of Industry 4.0.



Therefore, it can be said that OI processes, when not leading to value co-creation, contribute to the transition from Industry 4.0 to Society 5.0 in an almost indirect way through innovations realized by firms thanks to these processes, while value co-creation directly affects this transition.



Indeed, value co-creation can be understood as the other essential enabling mechanism through which individuals, obviously supported by ever newer technologies, contribute to the transition to Society 5.0; individuals themselves contribute to enabling technology development by being engaged in value co-creation processes that can affect society as a whole through innovation. Moreover, they start and/or participate in every value co-creation process that is developing within all sectors of society, directly contributing to building the desired society.




4.3. The Interplay between the Mentioned Models and Big Data and the Reason Why They Are All Necessary for the Transition from Industry 4.0 to Society 5.0


The development and success of the model aimed at achieving the objectives of Society 5.0 depend on big data. McAfee et al. [120] (p. 2) state that “you can’t manage what you don’t measure. […] Data-driven decisions are better decisions. Using Big Data enables managers to decide on the basis of evidence rather than intuition. For that reason, it has the potential to revolutionize management”.



Big data are an increasingly important engine to better understand the complex system of OI, even if firms must invest to be ready to fully profit from it through datasets that are able to span different domains [92].



Moreover, the generated data potentially enable firms to access previously unavailable information and, when elaborated, support even more firms’ strategies and operations and innovation processes, as well as value co-creation processes, which can profit from them, and at the same time, nurture them. Following this thought, it seems that big data can be considered the necessary fuel to run OI and value co-creation processes, contributing to innovation in the domain of Industry 4.0 and enabling a more rapid and successful transition to Society 5.0.



In the proposed model, big data represent the starting point, the enabling technology of Industry 4.0 on which the transition to Society 5.0 is based. Indeed, without big data, there could be no conjunction between cyberspace and physical space made concrete by AI, and above all, IoT [94,95]. At the same time, it would not be possible to implement OI processes, and consequently value co-creation for firms and for society as a whole, without reliable data [99], which must be correctly collected, elaborated, and made available through the IoT.





5. Conclusions


This paper sought to draw an initial picture of the more effective elements for the transition from Industry 4.0 to Society 5.0, putting forward a conceptual model in a domain that is still unexplored by the management literature. In doing so, it offers both theoretical and managerial contributions. Initially, the most important is to offer various useful insights into realizing the difficult transformation from Industry 4.0 to Society 5.0, thanks to managerial thoughts and approaches that are already known and successfully applied by firms.



The paper started by reviewing the literature at the intersection of OI, value co-creation, and Industry 4.0, embracing a new approach that is focused on individuals desiring a better society and aware that technologies and enabling mechanisms already used in firms can greatly help build better societies. Indeed, combining different streams of literature, as yet not fully studied, provided an initial insight into how firms might be considered the necessary engine to create better societies.



Obviously, firms would now seek benefits and new and/or different opportunities from the past and should also be aware that various and/or unknown threats could emerge that need to be managed and/or avoided.



Further studies are therefore necessary to identify the drivers of future strategic decision-making processes and understand why only some of them could emerge as essential. New/different trade-offs and challenges must also be met, e.g., just think of the challenges linked to the nature of various kinds of individuals to be considered as participants in OI and value co-creation processes.



From a managerial perspective, this paper provides managers with a more comprehensive picture of possible options and pitfalls within a changing context. It provides a clearer link to the challenges that may appear and greater awareness of their links and mutual relationships.



Thanks to the proposed model, firms may become aware of different individual needs and requests that do not come directly from the relationship with the firm but instead from the aspiration to build a different society; this can not only greatly help firms design better OI and value co-creation processes but also distribute their resources and build infrastructures, e.g., digital platforms, that are needed to support activities with individuals. In this way, firms may have the opportunity to find new and/or different ways to co-create value and share it with engaged individuals such that the benefits received are precisely those they desire and expect from their collaboration. Moreover, firms might also consider that “participants” in Society 5.0 may not be individuals as we understand them but also “automated” participants who must also be involved.



This is a really challenging issue that is neither considered by most firms nor by managers, where new organizational issues also emerge. Moreover, this paper highlights the big data issue, which could be even more important in the future for firms that presently do not perceive exactly why they are so important, and above all, sooner or later, all firms must be equipped to deal with them, profiting from their potential to enhance decision-making processes and avoid at least some of the risks.



This paper also provides an understanding of the combined action of various Industry-4.0enabling technologies for the transition to Society 5.0 through defining the role of big data, AI, and IoT, as well as understanding the essential link between cyberspace and the real world. At the same time, it clarifies how the above-mentioned enabling technologies can use enabling mechanisms, such as OI and value co-creation processes, to foster innovation at all levels, not only in firms but for society as a whole in order to achieve Society 5.0.



Notwithstanding the original traits of the paper and its implications, both theoretical and managerial, it is important to point out that it presents some limitations. In particular, the main one is the lack of an empirical test of the theoretical model proposed through one or more case studies. This limitation also provides, among others, further possible investigation.



Moreover, it could also be interesting to perform a cross-sectional analysis that seeks to understand whether there are any geographical and/or industrial differences in implementing OI and value co-creation processes, whilst being aware of the potential contribution to Society 5.0. Moreover, future conceptual studies are required to better develop the proposed framework, which also takes into account non-human participants in the transition to Society 5.0.
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Figure 1. Systematic literature review process: “Industry 4.0” and “Society 5.0”. Our elaboration. 
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Figure 2. Systematic literature review process using “Society 5.0” and “open innovation.” Our elaboration. 
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Figure 3. Systematic literature review process using “Society 5.0” and “value co-creation.” Our elaboration. 
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Figure 4. The challenging transition from Industry 4.0 to Society 5.0 from a firm’s standpoint. Our elaboration. AI: artificial intelligence, IoA: Internet of abilities, IoE: Internet of everything, IoT: Internet of things. 






Figure 4. The challenging transition from Industry 4.0 to Society 5.0 from a firm’s standpoint. Our elaboration. AI: artificial intelligence, IoA: Internet of abilities, IoE: Internet of everything, IoT: Internet of things.



[image: Sustainability 12 08943 g004]







[image: Table] 





Table 1. Systematic literature review using “Industry 4.0” and “Society 5.0” keywords: paper details.
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