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Abstract

:

The relevance of the Internet of Services (IoS) comes from the global reach of the Internet into everyone’s home and daily activities and from the move from a manufacturing-based economy to a service-based economy. The IoS is seen as a new ecosystem where service providers and consumers explore their business networks for service provision and consumption. The scientific literature refers to IoS as an important cornerstone for Industry 4.0 and Future Internet; thus, it becomes relevant to study how IoS interacts with business models. Nevertheless, there is a lack of clarity on such an intersection. Moreover, a systematic review of IoS-based business models is still missing. This paper aims to make a systematic review of IoS-based business models and their application fields. We included studies from Scopus and Web of Science databases, we excluded duplicated papers and short conference versions of the later full paper journal publications. Twenty-three different studies are presented, categorized in the sub-areas of IoS, and then by the fields of applications. The main finding highlights the opportunities of IoS applications in different fields, offering directions for future research on this new arena.
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1. Introduction


While the technological advances in the more recent past have opened up a range of new business opportunities [1], both enterprises and software vendors have struggled with the fact that the ICT (Information and Communication Technologies) systems, mostly acquired for more extended periods of time, are exposed to disruptive innovative technologies which have to be rapidly introduced in order for companies to remain competitive in the market [2]. Furthermore, the success of companies in achieving their goals depends on how they integrate the different digital technologies into their business models [3].



New software and services are being developed at an impressive speed and deployed on the Internet, along with virtualized services that connect real-world physical resources. Services from multiple networks converge into a complex ecosystem called the Internet of Services (IoS) [4].



The IoS gains relevance in the scientific literature as an important cornerstone of Future Internet [5], and Industry 4.0, coupled with the Internet of Things (IoT) [1,6]. Through the IoS, the cross-organizational services are offered and used by the value chain participants [7].



A service ecosystems perspective on business models offers rich implications for an enterprise’s strategy [8]. Recent research, though, raises problems in regard to “the adaptation of business models to services scenarios, such as the reconfiguration of value chains, the customization and new forms that business models will adopt, and the sharing resources in the network of companies operating under flexible supply chains” [9]. The IoS may provide solutions for such challenges; however, the corresponding literature is scarce.



While there is a great focus on IoT, there is a lack of clarity on IoS applications and contributions to the business ecosystem. Research is needed for a business model to adopt an IoS ecosystem perspective, instead of firm-centric models as servitization and digitalization. Moreover, a systematic literature review regarding IoS and its correlation with business models is still missing.



In this sense, the aim of this paper is to highlight the research directions in the field of IoS-based business models. The study presents the results of a systematic literature review correlating the keywords Internet of Services and business model. Twenty-three different studies are presented as well as the problem they address and proposed solution. The review allows identifying the state of the art and the possible gaps addressed by a research agenda.




2. Theoretical Foundation


2.1. Internet of Services


While humans first delivered services to humans, technological advances over the years allowed computers to deliver services to humans.



The term IoS-based service is used to identify services discovered, ordered, and provided through the Internet [10]. When there is a service request, the requester informs specifications to the provider, that customize the feedback, returning value-added result. Both requester and provider can operate automatically or with humans through a human–machine interface. Furthermore, automated systems can also invoke the services to access functions provided remotely by business providers [10].



An example of an IoS-based service would be a value-added service package of a system used for monitoring public lighting poles, connected to the city’s municipality network. In addition to light intensity measurements on each light pole, this system collects other environmental parameters such as CO2 level, temperature, noise, etc. Then, through the IoS, third-party service providers can use the collected data to optimize or offer new services to people who are connected, such as secure access to homes, predictive maintenance, sustainability applications, etc.



The IoS is seen as an ecosystem that allows services vendors and consumers to collaborate across organizations via the Internet, increasing the popularity of business services in the business markets [11].



Christoph Schroth and Till Janner first coined the term in 2007 [12]. According to them, the IoS is a result from the merge of two other components: Web 2.0 and Service-Oriented Architecture (SOA). The confluence of these two areas reveals the idea of composing and reutilizing services as they were flexible modules.



While SOA and Web services enable service procurement through different channels, their main goal is to provide the technological infrastructure for the IoS, which is a more complex ecosystem.



The main goal of IoS is to present everything as a service on the Internet, such as the software applications, the platform for development and delivery, and the network infrastructure [13]. Nevertheless, developing solutions for the IoS is more elaborate since services are intangible, often inseparable, immersive, bi-polar, hybrid, variable, ostensible concerning ownership, have long-running interactions, and are decoupled [14].



For some authors, IoS is a “future internet that detect, and use contextual information for seamlessly adapt to an unpredicted scenario” [5,15].



Within the IoS, service providers work collaboratively to offer and deliver services. A service-based value network may cover the entire lifecycle, from R&D to operations, passing through the design, marketing, sales, production, and delivery of a service. All the areas should interactively cooperate to add value to the service. Value is created from the collaboration among the different stakeholders: the company, its customers, intermediaries and suppliers [10].




2.2. Business Model


A business model is a “conceptual tool containing a set of concepts and relationships to express a business logic. It must consider which relationships allow a description and representation of what value is provided to customers, how this is done, and the financial consequences” [16].



The business model has been employed mainly in trying to address or explain three phenomena: (1) e-business and the use of information technology in organizations; (2) strategic issues, such as value creation, competitive advantage, and firm performance; and (3) innovation and technology management [17].



Although there is a consensus on how important a business model is for the business’ success, the literature has yet to conceptualize what business models do and how they intend to create new structures for an innovative market [8]. The emerging Business Model Innovation (BMI) literature raises new applications as servitization, open innovation and dynamic capabilities [18]. Nevertheless, “little is known about how a shift toward service-driven models affects the firm’s existing business model and the structure to support the new business model” [19].



Despite the various terminologies and the lack of a uniform taxonomy for building a business model, an approach accepted both in the practice and literature [20,21,22,23] is the Business Model Canvas developed by Osterwalder & Pigneur (2010) [24]. It identifies nine building blocks or components including customer segments, value proposition, channels, customer relationships, revenue streams, key resources, key activities, key partnerships, and cost structure.



The Business Model Canvas representation is understood as interrelated building blocks that address the four meta-components: value proposition, value creation, value delivery and value capture [20].



The analysis of the business model dimensions is crucial for designing a solution considering the key functions of an organization. “The mechanisms for creating, delivering, and capturing value reflect components that are well understood in the BM and BMI literatures—namely, value proposition, target segments, value chain organization, and revenue capture mechanisms” [18].



Instead of explaining business solely through individual activities such as marketing and R&D, or through mechanisms influencing business outcomes such as value chain or pricing, the research on business models highlights the development of holistic, multi-dimensional, system-level business model frameworks [17].



There are several types of business models for digital services, which present different payment methods and exploited properties. Among the examples discussed by Øverby and Audestad [25], there is the subscription model in which users pay a fee for using the service, like in the massive online game World of Warcraft. There is the freemium model, when some users receive the service for free while others pay for using the service, e.g., Spotify. There are the multisided digital mediation platforms, such as Airbnb, in which the users pay for the mediation services provided by the platform.





3. Materials and Methods


A systematic literature review was carried out to identify the state-of-the-art Internet of Services and the interaction with business models. The systematic review is a means of identifying, evaluating and interpreting all available research relevant to a particular research question or phenomenon of interest [26].



We studied two research questions:




	
What is the state of the art of Internet of Services-based business models?



	
What is their classification based on the application field?








This review followed the PRISMA (http://www.prisma-statement.org/ (accessed 28 January 2022)) guidelines which employs a method for conducting the review, such as Systematic Literature Review. PRISMA is an evidence-based minimum set of items for reporting in systematic reviews and meta-analyses, which focuses on the reporting of reviews evaluating the effects of interventions, but can also be used as a basis for reporting systematic reviews with objectives other than evaluating interventions [27]. Figure 1 shows the PRIMA flow diagram for the systematic review.



To conduct this search, we used the Boolean string “Internet of service*” AND “business model*” and followed the steps as listed in Table 1, searching the Web of Science and Scopus bases. The use of the asterisk * right after the words “service” and “model” guarantees that the word appears in singular or in plural in the search results. Publication and journal databases were searched in English on 1 August 2021.



All co-authors looked at how the processes underpinning the review and made suggestions if necessary. From the first result of 45 papers, only journals and conference papers were considered, since peer review is a typical indicator of quality in research. This resulted in a total of 41 candidate papers.



We removed duplicated papers (14 papers in WoS were duplicated with findings from Scopus) and 4 conference papers that had an extended version in Journals, resulting in a total of 23 papers.



All the twenty-three studies were examined and distributed under categories of the problem they mainly address, their contributions and gaps. This answered the first research question regarding the state of the art of IoS. Next, the papers that focus on business were also categorized by fields of application to answer the second research question.




4. Results


The very first papers that explore the concept of IoS show that this kind of services have to combine and correlate information technology (IT), operational, and business aspects of forming the IoS [28]. The IoS consists of participants, an infrastructure for services, business models, and the services themselves [10]. Moreover, in order to form the Internet of Services, services have to be described in a way that the business dimension and the technology dimension gather [2].



From all these concepts, it is possible to infer that, besides the infrastructure to support the IT aspects, and the service operation that covers the operational aspects, the IoS needs a business application to exist. Nevertheless, as long the papers start exploring more the IoS-based services, we conclude that the IoS can have a business or social application depending on the participants and their goals.



As a result, we propose a taxonomy of categories that classify the IoS in four sub-areas, namely, infrastructure, service operation, business applications, and social applications.



Next, the selected studies have been divided into these four categories (Table 2). Each paper was placed in only one category according to its focus.



The categories are further explained according to the content of the selected studies and the contributions of current literature.



Table 3 brings the number of papers per topic category. Each category is better explored in the following sub-sections.



4.1. Infrastructure


An IT infrastructure for service delivery has to be provided to technically enable the business to participate in IoS [28] (P23).



Among the papers that focus on infrastructure, Cardoso [28] (P23) starts highlighting the importance of good technical infrastructure to make the IoS scalable and support business services. Pasic [47] (P20) explores technical solutions to the problems posed by managing security and trust. Trust, security, and privacy play a significant role for developing IoS solutions, since the services have to be loosely coupled and globally distributed [47] (P20).



Software-as-a-Service (SaaS) models are considered important features of the Internet of Services [49]. SaaS models offer a service-oriented and shared IT infrastructure that serves customers with service packages and flexible access via easy-to-use internet interfaces [50]. Arrieta [42] (P15) presents a tool supported methodology for business assessment when transforming a traditional service application to SaaS. Many characteristics need to be considered, such as architecture, platform, language, and the target SOA environment. Technically, SaaS applications are built up from SOA, but not all SOA applications are SaaS [42].



The literature review reveals a focus on a user-centric SOA in which the end-users would gain more empowerment for programming and exploiting the Web Services. However, the evolution of web-based service front ends falls short of end-user expectations and SOA remained on a technical layer hidden to end users [51].



IoT takes a prominent role in service applications, so the term IoS is often coupled with IoT. IoS is referred to as a globalization of service-oriented solutions, where Web services are offered by different providers [52]. When IoT starts to reproduce this scenario for millions of interconnected devices, a few issues start to be addressed in service domain as the lack of interoperability among such different sources of information. Known problems are the service composition, heterogeneity of physical communication, security, diversity of protocols and other challenges to effectively explore the communication between physical devices and enterprise software systems [53]. Software companies have been focused on standardizing the application programming interfaces (APIs) that enable basic commands and data transfer among IoT devices.



From a service composition perspective, room for improvement in artificial intelligence-based automatic service descriptions generation will require researchers to develop more ontologies and design more effective machine learning methods for semantic expression, classification, and matching. The process of defining requirements and determining the optimal selection of physical objects through web services could be described as a typical service composition problem that integrates IoT and IoS domains [54].



In regard to the challenge of interoperability among SOA applications, Cheng et al. [31] (P3) state it has been addressed by the Open Platform Communication Unified Architecture (OPC UA), a network transmission architecture that uses a peer-to-peer transmission method.



Besides the software, hardware devices and telecommunications also play an important role in the infrastructure for service delivery. Vukanović [33] (P5) highlights ICT-digital media megatrends, mainly the use of wearable sensors transmitting a large amount of data via mobile devices and computers. Armando et al. [40] (P13) address the adoption of the software-defined networking (SDN) as the potential solution to the on-demand connection among mobile devices, while Cheng et al. [31] (P3) propose a method for scheduling multiple periodic requests for reducing the high load of computing devices.



Scientific research in the following ICT fields will continue increasingly developing in the future: computer generated images, immersive and virtual reality, augmented reality, 5G wireless communications, ambient technology, IoT, nanorobotics, AI, geo targeting, 3D printing, predictive analytics, biometric sensors, big data analytics, etc. [33].



The theme of infrastructure goes beyond and reaches the software tools for business model development. Kett’s work [44] (P17) focused on the need to develop different business models through the service description language, such as USDL, so that the business model could provide necessary information about services functionalities. Weiner and Weisbecker [43] (P16) defended the same argument introducing a business model ontology and a corresponding software approach to support the design of business model alternatives. Woitsch et al. [46] (P19) introduce the idea of the open models’ paradigm applied for service models, aiming to motivate to share services models openly.




4.2. Service Operation


The service operation contains two phases that are essential for the IoS: discovery/invocation and execution. Discovery and invocation refer to the technology used to find and request a service. The execution describes how the service is performed. In terms of execution, the services can be carried out by humans, with conjunction of human and automated devices, or solely automated. The difference in the IoS is that the discovery and invocation are always ICT-based [10].



“Designing services is not only a technical undertaking; it is the job of analyzing the business environment and business processes and identifying business functions that could be implemented as a service” [10].



Service operation studies the new Business/Operations Support System possibilities of, for instance, fraud management, customer usage, rating and billing, marketing, client resource management. Ruiz-Agundez et al. [45] (P18) mention the different pricing schemes that represent how the service client will be charged (e.g., pre-paid, post-paid, time-based, volume-based) and focus on fraud management and in the customer usage or experience.



When the IoT starts to play a more important role in service applications, the quality of service (QoS) gains focus, owing to the practical issues in integrating the commodity objects and the technology underlying the IoT become more challenging [53].



The QoS describes aspects used to evaluate the degree that a Web service meets specified quality requirements in a service request, such as usability, efficiency, reliability, and performance, and managerial aspects such as ownership, provider, contract, and payment [55]. Moreover, the subjective quality of the system perceived by the end-users is called quality of user experience (QoUE), also named quality of experience (QoE) [5]. QoS-based scoring algorithm rates each requirement by comparing its characteristics with the monitored service call records, while a QoE-based approach would focus on past user decisions [52]. Wang et al. [48] (P21) propose a metamodel to observe QoS metrics and implement a service monitor system to execute the monitoring.



During dynamic selection and composition, services are combined to create new added-value services to respond to the consumer’s request. The environment creates the service request, so a service-oriented business ecosystem (SOBE) proposed by Huang et al. [11] (P12) could translate it into abstract composition requests that refer the service process and the QoS of every service. Chao [38] (P10) raises that domain ontologies are needed to provide a coherent and context-rich environment and method. Such operation will support discovery and intelligent approaches based on AI to classify services to facilitate service matching. AI is also the approach used by Bucchiarone et al. [15] to solve composition problems of real-world complexity in dynamic applications that heavily depend on the execution environment’s run-time parameters.




4.3. Business Applications


In the IoS ecosystem, service providers, organizations and enterprises offer business services. Business services respond to requests from consumers or other services.



The studies previously categorized in business applications topic were distributed by fields of applications, according to the focus of the respective papers (Table 4).



	⮚

	
Manufacture/Industry 4.0







Industry 4.0 could be divided into CPS (Cyber-physical systems), IoT, IoS, and the Smart Factory [1].



Because innovation industries are challenged by high mix, high volume, and high complexity, Cozmiuc and Petrisor [35] (P7) research how Industry 4.0 can support integrated supply chains and eco-systems of partners that bring new business models. In addition, King and Grobbelaar [29] (P1) corroborate that future research may explore how servitization business models can be used and designed to embrace Industry 4.0.



For Cozmiuc and Petrisor [34] (P6), the shopfloor will become a network of self-organizing decision-making agents by transforming all machines into CPS, which form the IoT and IoS within Industry 4.0. The idea matches the concept of IoS as a future internet allowing an ad hoc configuration of services, not relying on pre-determined network infrastructure [56].



Opportunities for new business models also emerge by means of new energy utilization technologies such as electric heating equipment, electrified rail transit, electric vehicles, etc. [57]. Zhang et al. [37] (P9) promote the deployment of smart grid in substitution of electricity for direct consumption of primary energy such as coal, gasoline, and diesel. Coupled with CPS, IoT and IoS, the formation of smart grid and added value streams gradually evolve towards global energy interconnection by opening a dialogue with Industry 4.0.



	⮚

	
Financial services (Fintech)







FinTech introduces a new service of tools and products for the emergent businesses through the IoS. Banking FinTech works with capital valuation, trading, investment, and asset valuation and provides new improving accounting systems compared to existing financial technology. The motivation of banking FinTech service is to reduce the human errors and increase banking business transaction and accessing [30] (P2).



As per Suseendran et al. [30] (P2), the banking and financial sectors create a new way of collecting valuable information about the customers through IoT sensor devices using smartphones. The bank can analyze the usage of services to increase and decrease the points of presence. Additionally, since customer information is stored in devices, the bank uses this opportunity to help in identifying customer’s business needs. The IoS is a worldwide connector; therefore, the cyber attacker can easily access the targeted user’s data because third-party services are unprotected. There are positive features in innovative financial technology: blockchain and crypto currencies, an alternative payment system, and FinTech technology and banking solutions. Nevertheless, the threats related to the FinTech essentials are adverse effects in the FinTech financial service sector.



	⮚

	
Marketplaces







Marketplaces for products enable business interaction between providers and consumers of physical goods. Cardoso et al. [10] (P22) explain that “in the IoS vision, services are tradable goods that their providers can offer on service marketplaces to make them available for potential consumers”. On a service marketplace, different service providers that previously agree with the contractual rules may be accepted to offer their services. Providers may vary in size and specialization, enabling a competing and collaborating ecosystem of services.



Startup companies have been producing and bringing to the marketplace innovative goods and services. They generate value added in the form of services that they expose to the community. These services may be purchased and consumed, in some form, by the public or may be further aggregated by other service providers [58].




4.4. Social Applications


There are applications that provide other aspects of the social dynamics to the end users and can also be transformed into services over the internet [41].



The studies previously categorized in social applications topic were distributed according to their fields (Table 5).



	⮚

	
Healthcare







Healthcare is one of the main categories of organizations that can benefit from ICT advances as it will be personalized and involve the use of wearable sensors transmitting a large amount of patient data via mobile devices and computers [32] (P4).



Moreover, the trend of an ageing population will result in increased need for healthcare-monitoring ICT solutions for older people manage their health and consequently prevent health decline and detect near-fall events [59]. There are three key tasks facing the global healthcare system: reducing rising costs, improving quality and results, and expanding access [33].



Lokshina et al. [32] (P4) assess business opportunities applying IoT and Big Data-driven services for third parties. When massive amounts of data become accessible and understandable, the health organizations can subsequently use them, and the implications are enormous for civic life and personal health. Hospitals collect a large amount of patient data, so that information can be connected to a central or aggregated intelligence-management structure that allow for deep, complex analysis. The distribution of drugs and monitoring of blood pressure is observed regularly, so this data could be channeled into activities to improve care, reduce the length of stays in the hospital, and lower the transmission of diseases and infection rates.



Healthcare systems give people the opportunity to access their own health data through smartphone and collaborate in their own healthcare process, while provide public health surveillance [59].



	⮚

	
Smart Environment







Smart Environment raises important social applications, and governments are interested in using the latest technologies to promote the best social climate to their citizens. It includes smart homes, smart cities, office, and plant, all integrated into the environment [32] (P4).



Komarov and Khokhlova [39] (P11) focus on IoS connection with the IoT. The IoS suggests that every connected system has its own API, and a large amount of data produced by things can be shared with the data consumers, i.e., apps, people, or other items. Komarov et al. [36] (P8) bring an IoT influenced smart home business model in which a protocol connects the related devices (refrigerators, washers, microwaves, smartphones, TVs, etc.) and opens access for other vendors to get on board. Such a model can be expanded to cover home-energy, or “eco-home applications” through the partnerships with third-party service providers.



Lokshina et al. [32] (P4) also raise business opportunities in smart environment through the IoT and big data. Information platforms offering comprehensive public transportation information can be developed using open data released by the government together with data collected from the Internet to provide up-to-date information for users. A large customer base can be built for use with advertising and other add-on features. Using a digital business model, the application can be offered at no cost for users with its main source of revenue from mobile advertisements. Collaborators include complementary service providers, such as food delivery and taxis, which rely on location-based technology and generate revenue through service charge.



	⮚

	
Social Networks







Social networks are a potential market for services owing to the volumes of amateur content generated. Moreover, the abundance of subjective content of social network makes it ideal for mining the opinion of its users towards products or services. Papadakis et al. [41] (P14) list possible applications for providers that wish to raise resources from social networks for new services: journalists can monitor the activity of a group of users who are related to a particular topic or a location; producers can cast supporting actors for a play taking advantage of the fact that in social networks the users already provide information and photographs; TV commercial producers may locate a place where they can have the shooting, sending out the description and getting back options close to the target location.



Users of social media typically gather into communities based on some common interests. Their interactions inside these online communities follow several interesting patterns. Komarov et al. [36] (P8) provided an agent-based model simulation showing that companies might manipulate human behavioral patterns through smart things cooperation and social effects. As a result, a required usage setting trend could be created, leading to a business model of a social web of services, which would be the network of shared services by people and devices via social networks.



However, social networks present challenges to the applicability of traditional sentiment analysis techniques, due to their sparse, multilingual, and noisy content [41]. In addition, information security, information privacy and legitimacy are obstacles that must also be considered [36] (P8).





5. Discussion


Through this systematic literature review, we aimed to answer two main research questions:



RQ1. What is the state of the art of Internet of Services-based business models?



To answer the first research question, we analyzed the selected studies and their developments in IoS by dividing them into four categories according to their focus: infrastructure, service operation, business applications, and social applications.



As it is closely-related with technologies paradigms, the review reflects important scenario movements on the Internet environment and on ICT over the past decade.



By offering business functions as web services, it is possible to “break up enterprise boundaries and harmonize services of diverse development platforms. Business services can be made openly available and reusable for supporting collaborative business processes by service orchestration or choreography” [60].



From the categorization in Table 1, it is noticed that the focus of the first papers was much more on IT infrastructure. Although the term “business model” was often mentioned in the papers, the content was mainly on SOA, software functions, and how web services should work through the applications [11,42,43,44,46,47] (P12, P15, P16, P17, P19, P20), likely the technical pre-requisites to make the business feasible but not a discussion on the business or IoS-based business model.



Apart from technical aspects, important questions arise regarding who the suppliers of such services are, how the value capture guarantee that billing and revenue are well structured, and which are more sustainable alternatives for suppliers of such services [61].



From a business perspective, there is a need of understanding how value is created through business services. “A special emphasis has to be given to the generation of new business models for all stakeholders (i.e., service providers, aggregators, and consumers) and corresponding incentive mechanisms” [10] (P22). However, the value creation, which is one of the main functions of a business model [20], rarely appears among the selected papers that address the business applications.



For Komarov and Khokhlova [39] (P11), the phenomena of the IoS concern different spheres, yet the focus has been placed on its connection with the IoT. Bachara et al. [53] and Chao [38] (P10) state that the IoS is an extension of the IoT, poised to take e-service markets to the next stage.



While IoT emerged in the business literature [62,63,64], the IoS research remained among the developers’ software engineers [49], focused on the infrastructure and appropriate programming codes to develop applications [15,51,52,65].



Although the focus changed from the pure IT infrastructure to a business view in the studies that cover the business and social applications, the authors still emphasize the services being potentialized by the IoT and how IoT is an important infrastructure for IoS [30,32,36,39] (P2, P4, P8, P11). In the Industry 4.0 scenario, the CPS gains the same relevance to form the IoS [29,34,35] (P1, P6, P7). The studies explain the business or social application through the technological aspect but lack in the business and organizational aspects.



By analyzing the types of business model studied by Øverby and Audestad [25], the ones that have already a digital mediation platform and exploit the network collaboration, could apply to IoS if some other IoS features are explored. One example is Airbnb, a C2C digital platform that would be stronger if they applied some of the IoS features to shape their existing business model. Additionally, the different payment methods could be combined for value capture in an IoS-based business model, such as subscription, pay-per-use, or ad-based free.



Considering the low number of papers that correlate IoS and business model, there is still a gap in understanding how to construct an IoS-based business model. There is a lack of a detailed view of the business model to support the concept of IoS in creating, delivering, and capturing value to customers. Efforts are still focused on the IT level. Little work has been completed at the business level.



RQ2. What is their classification based on application field?



Regarding the application fields, it is noticed that the role IoS, the heartwood of Industry 4.0, is not entirely clear in this scenario. It would be important to assess how IoS is applied for advanced manufacturing. Manufacturing progressive concepts such as digitalization, standardization, flexibility, customization, real-time responsibility, predictive maintenance, are moving to Industry 4.0, which involves decision making, self-optimization, self-configuration. However, further research and development still needs to be undertaken.



There is a line of research focusing on digitalization and servitization within Industry 4.0. Frank et al. [66] study the connection between Industry 4.0 and servitization, presenting a conceptual framework that analyze the role of digitalization and servitization within the product-firm, while Gebauer et al. [67] discuss the paradox of firms that invest in digitalization and servitization but not earn the expected return. It happens when firms do not study the business model well and all its components, mainly the value proposition. While digitalization and servitization combine digital and services capabilities to facilitate internal growth, the IoS covers the external growth, which is an important view that companies neglect while innovating their business models [67]. Coupled with CPS and IoT, IoS would be a business model proposal that is still being researched and developed to reach Industry 4.0 [35] (P7). R King and Grobbelaar [29] (P1) corroborate that, instead of only firm-centric models as servitization and digitalization, researchers should consider a business model to adopt an ecosystem perspective.



Healthcare and Smart Environment appear as important IoS domains for social applications [32,36,39] (P4, P8, P11). In most countries, one of the largest providers of services is the government. Governments are interested in using the latest technologies to promote the best social climate for their citizens. However, the legal framework of the latest technologies is still considered rather vague or absent to a certain extent. Such issues as standardization, service design architecture and models, as well as data privacy and security create management and governance problems.



The technological advances may also change the future of food production and bring more sustainable alternatives. The innovative systems driven by the CPS, IoT, and IoS start to evolve the rural food production, allowing the automation, communication and digitalization of value chains [68]. The solutions already in place are IoT-based, which enable the smart logistics and traceability with applications for controlled environment and food supply chain tracking [69,70]. An opportunity in this field would be mapping the platforms used by the different stakeholders to propose new services through collaborative networks [71].



From a social applications perspective, the papers that mention the IoS as a trend for business models are conceptual and focus on IoT as an important infrastructure for social applications but do not clarify the IoS role on such business models. Important to shed a light on IoS contribution for business model construction.




6. Research Agenda


Questions around the mapping between the real world of business models and the IoS-based services are still unresolved. Although there is some correlation between business model and IoS in the literature, such intersection is still unexplored. Most research focuses on the infrastructure needed for the IoS environment. Moreover, the papers that describe the IoS are mainly theoretical and bring a few examples of business and social applications.



Based on the presented literature review, we propose a research agenda. The research agenda is composed of two main research streams: (1) exploring the business model meta-components for an IoS adoption, and (2) exploring the IoS application fields. The two research streams are also presented in Table 6 with the respective supporting literature.



6.1. Exploring Business Models Meta-Components for IoS Adoption


Future research could investigate the development of business models by organizations for an effective IoS adoption. Figure 2 shows the four sub-areas of IoS proposed in the presented study (infrastructure, service operation, business applications and social applications), interlocking with the business model’s four meta-components (value proposition, value creation, value delivery and value capture) [20]. The intersection is the IoS-based business model, which can be better explored in future research.



The widely accepted Business Model Canvas [24], which covers the four areas placed in the second circle of Figure 2, is rarely associated with the IoS. In the present review, considering the papers that explore business or social applications, only Komarov et al. [36] (P8) presented a Business Model Canvas which is an IoT-influenced Smart Home business model. The main goal of their research was to check how the raising number of internet-connected devices influence users.



A service ecosystems perspective on business models proposes that “service marketing strategy be less focused on traditional marketing and instead work on the relationship and conversation among the involved stakeholders. A collaborative service-oriented approach has to be embraced to actively explore the rich strategic implication from a service ecosystem” [8]. Consequently, studies that explore how the enterprises are innovating in their business models’ value proposition, creation, and delivery for a service ecosystem, allow the expansion of this theme.



Considering the social applications emerging as an IoS domain, another possible future study is the elaboration of research about the social motivations behind a business model innovation. Moreover, analyzing what the customers want and need becomes crucial to develop an IoS-based business model that meets the requirements for a best service delivery. Companies should offer services and solutions that more effectively address their customers’ needs [67], always considering their data privacy and security to avoid creating management and governance problems.




6.2. Exploring the IoS’ Application Fields


Future studies could promote the IoS expansion in any field that have not yet been assessed in relation to IoS-based business models, considering the service dominance is not restricted to the more traditional services as education, hospitality, and healthcare. It also appears in traditional product-oriented industries such as the manufacturing, building sector, and agriculture.



In traditional service sector, there is a range of applications. In healthcare, “the IoS, as a new concept of Internet evaluation, depends not only on technological solutions but also on service innovations in the field of new value propositions where a patient-centered model is needed. Such a model would consider patient preferences, values, and the need for information as the leading characteristics of care. Patient and medical unit engagement is an essential prerequisite for the new value proposition development process” [72]. Similar research topics could be studied in other services, such as education.



In manufacturing, the IoS role is not totally clear and there are challenges in addressing an IoS-based business model. Jiao et al. [73] question “how to customize products and services to user requirements while producing products of “zero lot size” and “mass production costs”. Despite the relevance of the IoS as a pillar for the Industry 4.0 [1,6], the relationship between IoS and business model is not deeply covered by the current scientific research. Although there are theoretical archetypes for data-driven business models in Industry 4.0 [74], they can be further developed to address the IoS and its features.
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Research Stream

	
Research Question

	
Supporting Literature






	
Exploring the business model meta-components for IoS adoption

	
How to adapt the business model and its structure for applying IoS, regarding value proposition, value creation, value delivery and value capture?

	
[8,10,25,74]




	
How the shift toward IoS-based business model meets social motivations and customer value proposition while being compliant with data privacy and security?

	
[36,41]




	
Exploring the IoS’ application fields

	
Which would be an IoS-based business model archetype in traditional service sectors like healthcare and education?

	
[32,72]




	
How to expand the business model in manufacturing sector for an IoS ecosystem perspective, shaping the firm-centric models as servitization and digitalization?

	
[29,35,67,73,74]




	
What is being applied for innovations toward IoS-based business model in agri-business sector?

	
[68,71]









In agri-business, Lezoche et al. [71] highlight the diversity of stakeholders integrating agri-food chains, and suggest that an integrated platform could support the several players in delivering new valuable services.





7. Conclusions


The IoS is seen as a new ecosystem where service providers and consumers explore their business networks for service provision and consumption. IoS has characteristics that distinguish it, which is the foundation in SOA and modularity, besides a context-aware expected behavior that places it in a Future Internet scenario. Although the IoS plays an important role on business through an innovative way of service offering, there is a gap in scientific literature in covering IoS-based business models and this is what the present review aims to exploit.



A systematic search methodology allowed us to identify 23 studies that were published in journals or proceedings that discuss advances in IoS domain. As a first contribution of the presented study, we proposed a taxonomy to classify the IoS in sub-areas which are: infrastructure, service operation, business applications, and social applications. The selected studies were categorized in these four sub-areas, and then by the application fields. Research could also derive the archetypes of IoS-based business models across the industries, what is an opportunity for future work.



The review showed that most of papers explore the technical infrastructure that will allow the services being offered through the Internet, but lack on a detailed view of an IoS-based business model to support the concept of IoS in creating, delivering, and capturing value to customers. There is room for future research in investigating the role that IoS plays in business, not only coupled with IoT and CPS as the literature often mentions it. Moreover, it is also important to explore other application fields where IoS appears rather than Industry 4.0. The study highlights the opportunities of IoS applications in different fields and present a research agenda for future studies on IoS-based business models.
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Figure 1. PRISMA 2020 flow diagram for systematic reviews. 
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Figure 2. IoS-based business model. 
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Table 1. Boolean strings and including/excluding criteria for the research.
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Step

	
String

	
Finds




	
Scopus

	
WoS

	
Total






	
#1

	
“Internet of service*” AND “business model*”

	
30

	
15

	
45




	
#2

	
“Internet of service*” AND “business model*” (Journals and Conference papers only)

	
26

	
15

	
41




	

	
First selection:

	
34 candidate papers




	
Step

	
Including/Excluding Criteria

	
Finds




	
#3

	
Removed duplicated papers (14 papers in WoS were duplicated with findings from Scopus)

	
27




	
#4

	
Removed 4 conference papers that had an extended version in Journals. The respective Journal versions were included.

	
23




	

	
Final selection:

	
23 selected papers
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Table 2. List of selected studies by topic category.
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	#
	Selected Study
	Infra Structure
	Service Operation
	Business Application
	Social Application





	P1
	King and Grobbelaar (2020) [29]. Industry 4.0 and business modem innovation
	
	
	X
	



	P2
	Suseendran et al. (2020) [30]. Banking and FinTech embraced with IoT devices
	
	
	X
	



	P3
	Cheng et al. (2018) [31]. Design for reducing device high load in industrial networks
	X
	
	
	



	P4
	Lokshina et al. (2018) [32]. IoT and big data analysis services for third parties
	
	
	
	X



	P5
	Vukanović (2018) [33]. The influence of ICT megatrends on global megatrends
	X
	
	
	



	P6
	Cozmiuc and Petrisor (2018a) [34]. Industry 4.0 by Siemens: steps made today
	
	
	X
	



	P7
	Cozmiuc and Petrisor (2018) [35]. Industry 4.0 by Siemens: steps made next
	
	
	X
	



	P8
	Komarov et al. (2016) [36]. How IoT influences building social web
	
	
	
	X



	P9
	Zhang et al. (2016) [37]. Energy dialogue with industry 4.0
	
	
	X
	



	P10
	Chao (2016) [38]. E-services in e-business engineering
	
	X
	
	



	P11
	Komarov and Khokhlova (2015) [39]. Development of business model for social WoS
	
	
	
	X



	P12
	Huang et al. (2013) [11]. BSNet network-based model for service-oriented business
	
	X
	
	



	P13
	Armando et al. (2013) [40]. Trustworthy Opportunistic Access to the IoS
	X
	
	
	



	P14
	Papadakis et al. (2012) [41]. Leveraging the content of Social Networks
	
	
	
	X



	P15
	Arrieta (2012) [42]. Developing a tool for migration of non-SaaS applications to SaaS
	X
	
	
	



	P16
	Weiner and Weisbecker (2011) [43]. Framework for design of business models in IoS
	X
	
	
	



	P17
	Kett (2010) [44]. A business model approach for service engineering in IoS
	X
	
	
	



	P18
	Ruiz-Agundez et al. (2010) [45]. Addressing the billing needs of Internet of Services
	
	X
	
	



	P19
	Woitsch et al. (2010) [46]. Design, manage and execute service based on open models
	X
	
	
	



	P20
	Pasic (2010) [47]. Delivering trust, security, privacy for the internet of services
	X
	
	
	



	P21
	Wang et al. (2010) [48]. Monitoring model for business-oriented service operation
	
	X
	
	



	P22
	Cardoso et al. (2009) [10]. Service engineering for the Internet of Services
	
	
	X
	



	P23
	Cardoso (2009) [28]. The Internet of Services
	X
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Table 3. Number of papers by topic category.






Table 3. Number of papers by topic category.





	
Topic Category

	
Number of Papers






	
Infrastructure

	
9




	
Service Operation

	
4




	
Application

	
Business

	
6




	
Social

	
4
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Table 4. Selected studies by field of application in business.






Table 4. Selected studies by field of application in business.





	
Selected Study

	
Fields of Business Applications




	
Manufacture (Industry 4.0)

	
Financial Services

	
Marketplace






	
King and Grobbelaar (2020) [29] (P1)

	
X

	

	




	
Suseendran et al. (2020) [30] (P2)

	

	
X

	




	
Cozmiuc and Petrisor (2018a) [34] (P6)

	
X

	

	




	
Cozmiuc and Petrisor (2018b) [35] (P7)

	
X

	

	




	
Zhang et al. (2016) [37] (P9)

	
X

	

	




	
Cardoso et al. (2009) [10] (P22)

	

	

	
X
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Table 5. Selected studies by field of social application.






Table 5. Selected studies by field of social application.





	
Selected Study

	
Fields of Social Applications




	
Healthcare

	
Smart Environment

	
Social Networks






	
Lokshina et al. (2018) [32] (P4)

	
X

	
X

	




	
Komarov et al. (2016) [36] (P8)

	

	
X

	
X




	
Komarov and Khokhlova (2015) [39] (P11)

	

	
X

	




	
Papadakis et al. (2012) [41] (P14)

	

	

	
X
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