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Summary:

Through a systematic and comprehensive review of the literature on Industry 4.0 and servitization, this paper analyses the research focus on the analysis of how Industry 4.0 enables servitization from the perspective of value-added activities. Through reading all the selected 38 articles, the authors identified three areas of focus in this research: (1) innovation &knowledge-based perspective, (2) operational perspective, and (3), technology perspective. The findings from the thematic analysis will inform the development of a survey questionnaire, which will be distributed to UK manufacturers.
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1. Introduction and literature review

Servitization is recognized as the transformation process of shifting from manufacturing towards offering integrated bundles (Vandermerwe & Rada, 1988). While the debate on firms adding additional values through servitization was initially coined in the 90s, the opportunities to provide individualized solutions received more attention only in the last decade with the development of Internet Technology, particularly with the Hanover Trade Fair in 2011, where the Industry 4.0 was recognized as a collective interface between products and services to provide integrated solutions, demonstrating the importance of technology in product-service integration. Industry 4.0 is about interdisciplinary integration between people, machinery, process, and systems with smartly connected devices which cultivate a new level of cross-boundary collaboration whereby the increasing competition and growing demand for individualized products/services are driving forces. The revolution of Industry 4.0 and Servitization are reshaping the structure of the industry and redesigning the business process.

With a handful of relevant papers available, Grubic (2014) discussed the benefits and challenges of using remote monitoring technologies to support servitized strategies. The findings reveal that interdependence has existed between remote monitoring technology and servitized business model; however, there are no clear findings on what benefits and risks contributed by using remote monitoring technology and how it added value to the servitized businesses. Paschou, et. al (2017) classified the key Industry 4.0 technologies that have been applied in the process of servitization, such as big data, additive manufacturing, cloud computing, cyber security, IoT, predictive analysis, and remote monitoring. It was found that research on how Industry 4.0 related technologies support servitization is under-investigated explained why the benefit and risks are not articulated from Grubic’s research. Unlike Grubic’s findings, Suppatvech, Godsell, and Day (2019) reviewed papers published from 2009 to 2018 and identified benefits and challenges corresponding to IoT- enabled servitized business model. Chowdhury, Haftor, and Pashkevich (2018) examined the value-generating characteristics of Smart Product-Service Systems (PSS) during the design and delivery phases in industrial firms. It was evident that smart technologies facilitated the retrieval of data across organizational boundaries. Parida, Sjodin, and Reim (2019) conducted a literature review that emphasized how digitization can support firms in adding value through various means, such as creating value by utilizing digital platforms, understanding customer needs, and fostering collaboration. Additionally, the review highlighted value delivery by managing new capabilities and revising operational processes and responsibilities, as well as value capture. 

While the existing research indicates using Industry 4.0 technology supports servitization is recognized as a diverse and complicated journey for adding value to firms., the intersection of these two fields has only recently gained more attention (Grubic 2014; Paschou, et. al, 2017; Chowdhury, Haftor, and Pashkevich 2018; Suppatvech, Godsell, and Day 2019; Kohtamäki, et al. 2019; and Parida, et al. 2019).  As a result, we currently lack a clear understanding of how value is generated through industry 4.0 supported Servitization. Thus, the research aim is to investigate to what extent Industry4.0 supports value-added activities in Servitization? 

There are two stages involved in this study. First, the author carried out a systematic review. The author’s aim is not to conduct a complete view of servitization and Industry 4.0 literature but to identify and evaluate the intersection of these two domains. Second, the systematic review-based findings will be utilized to create a survey questionnaire that will be distributed to selected manufacturing companies in the UK. At this point, the author completed the task for the first stage.

2. Research methods

Using a mixed-method approach, this research investigates the extent to which Industry 4.0 facilitates value-added activities in servitization.  The qualitative stage involved descriptive and thematic analysis of previous studies linking Industry 4.0 and servitization, with the aid of the text analysis tool Leximancer to gain a deeper understanding of their relationship. The scope of the systematic review includes papers published in the academic literature which specifically deal with business and management implications on those using Industry 4.0 to support servitization. In the subsequent quantitative stage, the findings from the thematic analysis will inform the development of a survey questionnaire, which will be distributed to UK manufacturers.

3. Findings from the descriptive analysis and thematic analysis

3.1 Descriptive analysis

[bookmark: _GoBack]The total scholarly articles used in this study were 42 papers which were published in 19 targeted journals between 2013 and 2023, demonstrating the relevance of the topic to a wide array of research disciplines. With 45 articles, the most important source of empirical evidence in the sample is qualitative approaches where interview studies are the most frequently applied method. With respect to countries, there is no single country takes the lead. The analysis shows that how Industry 4.0 supports servitzation research is still a young field. 

3.2 Thematic analysis

The study is motivated by the need to identify a clear picture for understanding how value is realized through industry 4.0 supported servitization? Leximancer is a content analytic tool that applies a clustering algorithm to carry out conceptual and relational analysis, it has been used to analyse large collections of articles by academics, for example on social responsibility(Lin, McKenna et al. 2019), sustainable supply chain(Kim and Kim 2017), open innovation (Randhawa, Wilden et al. 2016), service-dominant logic(Esmaeilian, Behdad et al. 2016), social marketing(Dann 2010), etc. Leximancer quantifies the conceptual structure of text to identify: 1) the concepts with a theme, 2) the frequency of the concepts, and 3) the correlation between concepts and themes.

The text mining analysis was carried out to explore the themes that are used to group the key concepts. Figure 1 displays a conceptual map that shows the list of developed concepts and themes. Through reading all the selected articles, the authors identified three areas of focus in this research: (1) innovation &knowledge-based perspective, (2) operational perspective, and (3), technology perspective.
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Figure 1:  A conceptual map

3.2.1 Technology based perspective

Technology-based perspective indicates the important role of technology in the process of servitisation. Many studies draw on the notion of connectivity, intelligence and analytics to illustrate how products and services can be benefited from servitised activities (Lightfoot et al, 2011; Kamp  et al. 2016;  Klein et al. 2018; Alcayaga et al. 2019; Dreyer et al. 2019; Kohtamäki, et al. 2019; and Ren et al. 2019). There is an emphasis on utilising the platform approach to deliver the values to the focal firms and their clients to manage resources, capabilities, relationships, trust and boundaries for servitized activities (Clausen, 2013; Obal and Lancioni, 2013). Integration between product and service modularity with appropriate business models has changed how platforms work, from product platforms to platform ecosystems(Cenamor, et al. 2017; Hasselblatt et al. 2018; Frank, 2019; and Sklyar, 2019). The ‘Platform’ concept indicates capabilities are essential to manufacturers focusing on servitisation because it links processes and resources.

The focus here is the role of the capabilities in delivering servitized solutions among various parties. Research has shown that human resources, physical resources, knowledge, and processes are essential components that create capabilities enabling servitized business models (Kohtamäki et al. 2019;  Suppatvech et al. 2019). While resources may eventually wear out, capabilities refer to a firm's ability to continually update its resources in a constantly changing environment (Opresnik and Taisch 2015). Capabilities can be identified from various angles; strategic capabilities require firms to develop their core competencies that cannot be easily replicated by other firms (Hasselblatt et al. 2018), Digital capabilities, namely intelligence capability, connect capability, and analytic capability enable value-creation by identifying customers’ needs and actively respond to demands (Lenka et al. 2017). Operational capabilities refer to the processes, systems, and resources that a company has in place to carry out its operations which are important to monitoring, controlling and optimising equipment and processes (Grubic 2014; Kohtamäki et al. 2019; Chirumalla, 2023). 

Key question is: How should capabilities be configured to deliver advanced services?

3.2.2 Innovation-Knowledge based

Information and knowledge exchange is necessary to enable predictive maintenance service(Dreyer, et al. 2019), for example, the importance of understanding ‘know-hows’ and ‘know-whys’ that can help to convert data into knowledge that helps monitor machine behaviors (Kamp, et al. 2016); to predict the condition, various data is gathered from the real-time monitoring, including performance data, product usage (Grubic 2014). Product-level data are translated into diagnostic and prognostic information for further analysing the state of interrelated components as well as maintenance history and mitigating the potential risks(Grubic and Jennions 2017; Alcayaga, Wiener et al. 2019). Knowledge management is required to support modular product architecture and subsystems/components (Marion et al. 2015). Knowledge is required for the product and the product’s performance from clients’ processes(Grubic and Jennions 2018). 

In the area of innovation-knowledge aspect of industry 4.0 supported servitization, the results show that customers expect solutions that don’t exist in the current market (Goduscheit and Faullant 2018); this indicates servitization could lead to further innovation. In an ecosystem, information sharing and knowledge exchange across the internal level also lead to innovation activities(Kroh et al. 2018). Therefore, it indicates the impact of knowledge sharing on servitization. However, the research carried out by (Kroh et al. 2018) explores that companies with a high degree of servitization aren’t necessarily lead to innovation performance.

Key question is: To what extent do knowledge sharing and innovation contribute to the drive towards servitization?

3.2.3. Operational-based perspective

The ultimate goal for servitization is to enhance firms’ competitiveness by adding services offering. The findings suggest that servitization strategy needs to be aligned with different product life cycle stages (Ren et al. 2019), and the Operational process is central to managing various product life cycle stages. Servitization involves complex processes, not only require to restructure and redeployment of firms resources and the relationships between various players, but also require changes to the current processes in order to meet the transaction of adding value to the physical goods (Baines et al 2009; Turunen and Finne, 2014; Kowalkowski, 2017; Martín-Peña, et. al. 2019; Kolagar, et. al. 2022; Schiavone, et. al., 2022; Bortoluzzi, et. al. 2022; Iriarte, et. al.  2023). 

From operations management’s perspective, servitization is achieved through various value-added activities that equip manufacturing flexibility. Flexibility is the centre of advanced services for servitized firms. It refers to the ability to change in terms of product and service offering, production volume, variety of products, delivery of the time and mode, etc. From a servitization perspective, flexibility means capabilities that supplement firms’ traditional product offerings. More specifically, the ability to deal with unexpected changes both internally and externally to enhance the value that customers expect. Eliminating waste is the first step towards adding value. Even though the original purpose was about reducing negative environmental impact, what wasteful (non-value added) activities are and where are exist in the transformation of servitization/PSS process haven’t been properly explored.

Key questions are: 
· In what ways does Industry 4.0-supported servitization improve operational flexibility?
· How does Industry 4.0 eliminate non-value-added activities in the process of servitization?
· How does Industry 4.0-supported servitization contribute to efficiency or effectiveness?

4. Contribution:

In this research, the authors identified three key areas of focus which provide insights into capabilities, knowledge sharing, innovation, operations and technology with servitization. The findings can contribute to the development of frameworks and models that explore the value chain in relation to Industry 4.0-supported servitization.

5. Next stage: Quantitative research 

The aim of the quantitative research is to confirm the qualitative research findings and answer the above questions which will assess to what extent Industry4.0 supports value-added activities in Servitization? 

My plan to further develop the paper prior to discussion/presentation at the conference including:
· Finalize the survey questionnaire.
· Pilot study for the questionnaire.
· Collect data from UK based manufacturing industry. 
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