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16 Abstract: Servitization or productization, indicating evolution from product to service economy or
17 vice-versa, can be considered as a successful strategy to gain competitiveness based on novel
18 combination of products and services. To decrease the risks of servitization and to support the
19 sustainable development of its main outcome, being Product Service System (PSS), it is required not
20 only to have a clear and common understanding of the core business and processes but also to share
21 the same definitions on (PSS) concepts as the main outcome of servitization. For this purpose,
22 managers could be supported by abstract models with a limited number and high ratio of known
23 concepts in the early stages of PSS development. Through an extensive literature review on this
24 subject, followed by a structured conceptualization approach and discussions with domain experts,
25 this paper proposes a Conceptual Model (PSS-CM). To validate the results, PS5-CM and its elements
26 were discussed in several iterations, from both academic and industrial points of view, in the frame
27 of a European research project. In the frame of this project, a case study was also performed to

28 illustrate the instantiation of PSS-CM.

29 Keywords: product service system (pss); servitization; productization; conceptual model;
30 conceptualization; enterprise management; strategic change,
31

32  1.Introduction

33 Considering the business environment of manufacturing enterprises in the recent decades,
34  moving from product economy to service has become a practical strategy to achieve competitiveness
35 [1,2]. This movement, called Servitization [of business], is defined as “the evolutionary path of the
36  business model of a manufacturing company from a pure product perspective towards an integrated
37  product-service orientation is usually termed as Servitization of manufacturing” [3]. The evolution
38  of research on this subject is studied in [4].

39 Servitization, leads to the design and development of Product Service Systems (PSS) where
40  innovative combinations of products and services are realized to increase the market share [5-7]. PSS
41  can be also designed, from service to product (i.e. productization) when the enterprise of origin is a
42 service provider. Such movement is mentioned in [8]. The concept of PSS has emerged as one of the
43 most important business concepts for industrial organizations [9]. The core components of this
44 concept are product, service and system [10].

45 One of the main challenges ahead of servitization is the complexity of PSS. From a generic
46  perspective, a system, can become complex due to the multiplicity of the components (i.e. social,
47  technical, economic or organizational) and their heterogeneity. This has been mentioned, for a long
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48  time, as a challenge in the development and analysis of the production systems [11,12]. A PSS not
49  only inherits the complexity of production system, but is also involved with service related elements
50  interacting with that system [13]. Therefore, even though servitization is stated as a reasonable
51  strategy, it is not always easy to adopt [1]. Dealing with such strategical matters [14], managers
52 should be more and more supported to be flawless in their managerial actions, strategic decisions,
53  and global orientation of resource allocations and investments [15]. To support enterprise
54  management in the servitization process, generally, modeling techniques can be applied to provide
55  arepresentation of the systems under analysis and to increase the knowledge on the new concepts
56  [16]. In addition, such techniques can bring a common view to different actors, all along the PSS
57  lifecycle. Therefore, the initial research question is “how to support enterprise management in the
58  servitization / productization process with a sound modelling approach?”

59 Idrissi et al. analyzed several modeling approaches supporting PSS design based on the
60  genericity, standardization, and detail level of the approaches [17]. However, these issues could be
61  less critical in the early stages of servitization, such as strategic planning [7,14], or in the conceptual
62  design (the scope of this research work). In these stages, servitization is still under strategical analysis
63 by managers or PSS ideas have not yet become design concepts. In fact, too much detail, excessive
64  number of new concepts or new terminology representing known concepts, might make the
65  modeling approach difficult to adopt by the user. It could also lead to complex results (i.e. complex
66 PSS models), which is against the initial objective of modeling. Therefore, the previously mentioned
67  research question can be formulated as “how to support enterprise management in the early stages of
68  servitization / productization with adapted conceptual models?” which is addressed in this research work.

69 2. Methodology

70 2.1. Research methodolgy

71 Following the methodology illustrated in Figure 1, this research work intends to contribute to
72 the above question by proposing a PSS Conceptual Model (PSS-CM), resulted from a structured
73 conceptualization. Knowing the profile of the potential users, the objective of elaborating a
74 conceptualization approach was to achieve CM, with high probability of adoption, by decreasing the
75  ratio of new concepts, necessary for understanding a PSS and its development process, of the known
76 concepts. For this purpose, PSS was first studied as a generic system. This provided the possibility to
77  design the initial structure (core) of the PSS-CM. This was followed by the extension of the core in
78  two layers based on the analysis of PSS definitions, classifications, and viewpoints, proposed in the
79 literature. Having defined the conceptualization approach, identification of the concepts was started
80 by the analysis of PSS (1) definitions, (2) classifications, and (3) viewpoints.

Observation & Concept
Literature review to formulate the research question: lack of conceptual models
supporting strategic management in the early stages of servitization

Context &
Research
question

Elaboration of the conceptualization approach
increasing the ratio of known concepts to new ones following a structured

Conceptual approach

Layers

Development of the conceptual model
literature review to identify concepts, discussion with experts on the choice of

p ?cSI_CM concepts/definitions, structuring of concepts as data model, definitions
skeleton

Definitions >
PSS-CM
data model

Formalization of the conceptual model
elaboration of a data model conforming to Ecore meta-model

Illustration & validation
validation in project consortium and case-study to illustrate the conceptual

model and explore its applicability
81
82 Figure 1. Research methodology
83 The identified concepts, and their properties, were synthetized and structured to design the

84  skeleton of the PSS-CM. It was accompanied with detailed definition of its elements. PSS-CM was
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85 also developed as a data model, with known meta-model, to facilitate its adoption and instantiation.
86  Eventually, to study and illustrate the applicability of the PSS-CM, it was applied in an industrial
87  use-case using enterprise data. The main objective was to support the servitization process
88  undertaken by the enterprise, by highlighting of key PSS concepts and definitions.

89  2.2. Conceptualization approach

90 For the purpose of designing a generic and abstract model for PSS, a conceptualization approach
91  is proposed. This approach is based on the collection and analysis of PSS related concepts in the
92 following steps (see Figure 2):

93 1. Configuration of a PSS as a system (Core): the PSS is first analyzed from a systemic point of view

94 while focusing on the structure, characteristics and components that are intrinsic for a system.

95 This allows defining the core of the PSS conceptual model.

96 2. Specification of system concepts in PSS context: In this step, the concepts identified in the

97 previous step are specified and extended based on the characteristics of PSS. This was done

98 according to:

99 a. PSS as a dichotomy (1st layer): concepts were studied in two parts; product related
100 concepts (i.e. product and production system), and service related concepts (service and
101 service system).

102 b. PSS as a whole (2nd layer): definitions, classifications and viewpoints addressing PSS
103 as a whole were studied.

System Concepls (e.g. process, activity)

Product related concepts 3
T e.g. physical aspects, manufacturer
Shared concepts
e.g. value proposifion
3 propos E—
2%d [ayer
Concepls specific to PSS
i : Service related concepts

104 Eige P4 aepedenty; Topotony e.g. encounter, service provider
105 Figure 2. PSS conceptualization approach
106 3. Literature review
107 3.1. PSS modeling and conceptualization
108 Lee et al. defines conceptualization as the extraction of vocabularies from a domain or providing

109  a simplified view of the world [domain] we wish to represent [18]. During this task, concepts and
110 conceptual relationships are created as conceptual models [19] which are the basis for structuring the
111 knowledge of that given domain [20].

112 In PSS context, Annarelli et al. provided a conceptual structure depicting the current situation
113 of literature dealing with the analysis of economic impact and environmental/social impact of PSS
114 [21]. From a business model perspective, a conceptual framework to assist with the development of
115 PSS has been proposed in [22].

116 Model Driven Service Engineering Architecture (MDSEA), developed in the frame of a European
117 research project in servitization context, can be also mentioned [23]. This architecture, including a
118  methodology, proposes the usage of modeling languages at different levels (from business to
119  technological) and from different perspectives (human/organizational resources, physical means and
120 ICT supports).
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121 The common result of conceptualization approaches, the conceptual model, can be formalized,
122 extended and made graphical to be used in modeling approaches to represent an object in an abstract
123 way. In PSS context, some modeling approaches supporting PSS design were recently studied in [17].
124 Here, we extended, the analysis of Idrissi et al., with some additional modeling approaches covering
125 other stages of PSS lifecycle (see Table 1). It should be mentioned that, this extended analysis
126  highlighted the lack of approaches with strategical purpose supporting enterprise managers who
127 plan and control the servitization and PSS development process.
128 Table 1. PSS modeling approaches (inspired by [17])
Reference  Year Approach Summary Lifecycle focus
[24] 2006 . A modeling technique based on service lifecycle Lifecycle
[25] 2010 Integrated Life Cycle (integrating product lifecycle) management
[26] 2007 Service Engineering Multi-model framework for PSS design PSS design
[27] 2009 Service Explorer Computer-aided service design &
(28] 2008 Service-Oriented Modeling Service—oriented life cycle modeling methodology  Lifecycle
Framework (SOMF) based on the service—oriented modeling paradigm management
29] 2009 IPS2 Metadata Model A meta.data reference model for Industrial PSS Lifecycle
(IPS?) lifecycle management management
[30] 2009 Extended/Product Service Enlargement of the classical modeling technique P-S Integration
[31] 2011 Blueprint “Service Blueprint” sra
. . - PSS design
32] 2010 PSS Layer Method Mult}-layer modeling framework t9 highlight (Requirements
requirements and tasks for PSS design e
elicitation)
SLM (Service Modeling Constructs for creating models of complex PSS design
[33] 2009 Language) and SML services and systems, and standard for (process
Interchange Format (SML-IF) exchanging service models modeling)
. . . . . PSS design
Functional Hierarchy Modeling technique for PSS functions. .
[34] 2013 . e (Functional
Modeling Proposition of a novel PSS typology .
analysis)
Moéel D?lven Serylce Multi-level architecture and methodology for PSS design and
(23] 2014 Engincering Architecture service system design and development development
(MDSEA) y . . o
35 2014 Extended Product Business Methodology to integrate Extended Product (EP)  Business
35] Model into the business models Modeling
A . A multi-view modeling framework combining
[36] 2016 PSS Multi-Views Modeling product-oriented and service-oriented PSS design
Framework . .
engmeermg‘
A conceptual structure depicting the situation of
[21] 2016 PSS conceptual structure literature dealing with the analysis of economic, PSS evaluation
environmental, and social impact of PSS
[22] 2017 PSS business model conceptual A conceptual framewo.rk to support PSS . Business Model
framework development from business model perspective
129
130 3.2. PSS as a system
131 In the first step of conceptualization, the PSS concept is studied while focusing on the term
132 system. The System Thinking is the result of the research works done by many authors among which
133 we can refer to System Theory [37], Management Decision [38], and Theory of Hierarchical Multilevel
134 Systems [39]. The idea behind these research works is that the same concepts (System theory
135 concepts) can be applicable in various disciplines (i.e. biology, physics, economy, organization,
136 computer sciences, and cybernetics) when referring to the term system.
137 Based on the above theories, GRAI (Graphs with Results and Actions Inter-related) model
138 decomposes a manufacturing/service system or particularly an enterprise system into three
139 subsystems and proposed specific modeling techniques for each subsystem [40,41]. A brief
140 description of these subsystems is given below (see Figure 3):
141 1. The controlled subsystem (also called physical subsystem) transforms the inputs (materials and
142 information) into outputs (new information, products or services) to be mainly delivered to the
143 customers. In this subsystem, the main concepts are process, activity, resource and physical
144 entities (materials, tools, machines, etc.).
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145 2. The control subsystem (also called decisional subsystem) manages the physical subsystem based

146 on the objectives of the global system (e.g. enterprise system) and the feedback to deliver actions
147 or adjustments. In this subsystem, the main concepts are decider, decision and performance
148 indicator.

149 3. The information subsystem includes information from the physical sub-system and from the
150 customers, suppliers and other stakeholders (external environment). In this subsystem, the main
151 concepts are data, information, and communication.

Objezlttives
(Control System) i Feedback
External : i
Information ==="""""""" * Information System

H
actions |indicators
i
¥

Suppliers {Informution Physical System - Informatim} Customers

Curtons | Puhsng ) N ey [ et Sl
152
153 Figure 3. key system concepts (adapted from GRAI Model [40,41])

154 3.3. PSS as a dichotomy

155 In this step, PSS was analyzed as a dichotomy of product-related and service related concepts.
156  Among the definitions proposed in the state of the art, the ones proposed in the context of
157  Servitization are highlighted.

158  3.3.1. Product related concepts

159 Quality Management (QM) standard (DIN ISO EN 9000:2005, revised by ISO 9000:2015),
160  representing an engineering perspective, defines a product as the result of a process [42]. This process
161  is the manufacturing process in which materials, also called work pieces, become a product [43]. The
162 manufacturing process, which is necessarily part of a business process, represents the customer needs
163 [44] with the objective of adding value to the product [45,46]. The product is the outcome of a
164  Production System which also delivers it to the customer. This system is composed of various
165  components: materials, machine, people, organization, software, hardware [47]. Depending on its
166  defined perimeter, a production system could be an enterprise, a part of an enterprise (workshop,
167  manufacturing unit) or a set of enterprises (production network).

168 In servitization context, according to Tukker, a Product is a tangible commodity manufactured
169  to be sold, fulfilling user’s needs [10]. “A Product is sold to a customer and is generally considered as a
170  tangible physical entity. In Servitization, a product is related to one or a set of services in a virtual enterprise
171 and ecosystem” [47]. To distinguish the product from service, Callon et al. puts the focus on the notion
172 of goods [48]: “a good implies a stabilization of characteristics at the moment an entity, product or service is
173 ready to be traded. A product is an economic good that can be seen from a variety of perspectives: production,
174 circulation and use thus a product corresponds to a process, a trajectory in time, whereas a good corresponds to
175 astate at a point in time”.

176  3.3.2.Service related concepts

177 According to Tukker, a service is an activity done for the stakeholders with intangible results
178  and economic value [10]. The service is in fact the outcome of a Service System which consists of
179  people and technologies that adaptively compute the knowledge about changing values in the system
180  and adjust to it accordingly [49]. A service system is composed of various elements: product, machine,
181  people, organization, IT tools and customer. Considering the last one, MSEE project indicates that it
182  isimpossible to produce a service if the customer is not involved in the loop and data-information-
183  knowledge is constantly shared between producer and consumer. MSEE also emphasizes on the
184  delivery of the service in a Service System.
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Spohrer et al. define Service and Service System as [50]: “Service is the application of competence for
the benefit of another. So service involves at least two entities, one applying competence and another integrating
the applied competences with other resources and determining benefit (value co-creation). We call these
interacting entities service systems”;

3.4. PSS as a whole

PSS concept can be also defined, classified or viewed as a whole, instead of two separate sets of
product and service related concepts. This highlights the specific concepts necessary for representing
the association, interaction and integration of these concept sets.

3.4.1. Definitions

In the recent study of Oliveira et al., a comprehensive bibliometric analysis of the PSS research
field is performed which provides an understanding on this domain [9]. The PSS definition proposed
by the top five papers regarding citation are studied here in addition to the definition proposed by
[51], as a more recent paper addressing PSS from industrial perspective, and by MSEE [47] and
SusProNet [56], which are outstanding examples of European research projects and networks in
servitization context.

According to Goedkoop et al. “a PSS is a marketable set of products and services capable of
jointly fulfilling a user’s need. The PS System is provided by either a single company or by an alliance
of companies. It can enclose products (or just one) plus additional services. It can enclose a service
plus an additional product. A product and service can be equally important for the function
fulfilment.” [52]. The authors also describe key-factors of success for PSS [52]; creating value for
clients, by adding quality and comfort, customizing offers or the delivery of the offer to clients,
creating new functions or making smart or unique combinations of functions; decreasing the
threshold of a large initial or total investment sum by sharing, leasing, and hiring, decreasing
environmental load (often this will bring additional and perceived Eco-benefits), and increasing the
quality of contacts with clients.

Mont defines a PSS as a “System of products, services, supporting networks and infrastructure
that is designed to be: competitive, satisfy customer needs and have a lower environmental impact
than traditional business models” [53].

PSS is defined by Manzini & Vezzoli as “an innovation strategy, shifting the business focus from
designing (and selling) physical products only, to designing (and selling) a system of products and
services which are jointly capable of fulfilling specific client demands” [54].

Tukker considers PSS as a system consisting of tangible products and intangible services
designed and combined so that they are jointly capable of fulfilling specific customer needs. The key
elements of a PSS are: The Product (a tangible commodity manufactured to be sold, fulfilling user’s
needs), the Service (an activity done for the stakeholders with an economic value, with intangible
results ...), and the System (a collection of elements and their relations referring to the system of
products and services delivered to the customer and the system of actors involved) [10].

As stated by Baines et al., “A PSS is an integrated product and service offering that delivers value in
use. A PSS offers the opportunity to decouple economic success from material consumption and hence reduces
the environmental impact of economic activity. The PSS logic is premised on utilizing the knowledge of the
designer-manufacturer to both increase value as an output and decrease material and other costs as an input to
a system” [55].

The PSS definition proposed in MSEE project is: “a collection of interrelated components that are
organized for a product service related purpose, i.e. to design, to produce, to manage and to deliver product
services to customers. A PSS consists of any combination of resources belonging to three domains: IT domain,
Organization/Human domain (including management and organization), and Physical Means domain
(including machine, robot and any other material handling devices)” [47].

doi:10.20944/preprints201802.0079.v1
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In SusProNet project (Product Services in the application area “Information and
Communication”), the following definitions are proposed [56]: 1) A product service is defined as a
value proposition that consists of a mix of tangible products and intangible services designed and
combined so that they are jointly capable of fulfilling integrated, final customer needs. 2) A Product-
Service System (PSS) is defined as the product-service including the network and infrastructure
needed to ‘produce’ a product-service.

According to Andersen et al., a “Product/Service-System is an innovation strategy, where a
greater integration of products and services has the potential to decouple business success and
economic growth from mere product sales.” [51]:

e “PSS solution does not necessarily imply that the service provider is the producer of the physical
product(s) included in the PSS, but the service provider must take responsibility for the delivery of the
service to the customer.”

e “... benefits of PSS originate from one important characteristic: namely, the ability of a PSS approach
to identify inefficiencies in inter-/intra-organizational relations and provide holistically minded
business models, addressing the identified shortcomings.”

Considering the above definitions, the following points can be highlighted (see Table 2):

e  Economic activity [10, 52-54]: PSS is related to an economic activity with known market,
business model, selling point and economic value A PSS is business oriented and there is a
customer willing to pay for the P-S and participating in the business model. PSS separates
business success and economic growth from mere product sales. PSS is designed, combined
and provided to the customer to fulfil its needs with higher value proposition comparing to
isolated products and services [10,47,52,54-56]. Therefore, the benefits of the PSS for the
customer comparing to mere products or services should be clearly defined. Sometimes the
service contributes/forms the major part of the provided value.

e Interconnected Product and Services [10,47,52,54-57]: The outcome of a PSS is a mix of
tangible products and intangible services which should interact jointly. In a PSS the service
is not necessarily an “add-on” to the product since product and service can form an
integrated solution including entities with different relative importance.

¢  Organizational aspects [47,52,53,55,56]: Configuration and type of internal and external
resources are important issues in PSS. Different types of supports should be combined on
product and service lifecycles. PSS is usually developed within a network of enterprises due
to the necessity of the involvement of stakeholders with diverse competences and functions.
It also requires an infrastructure supporting product usage and service delivery.

e  Sustainability [53,55]: The environmental impacts of PSS are usually lower than traditional
business models, e.g. when a service supports the sharing of the physical products such as
vehicles. In fact, Servitization might decrease the usage of resources and consequently the
negative manufacturing impacts on the environment. Annarelli et al. provided a conceptual
structure, depicting the current situation of literature dealing with the analysis of PSS [21].

Table 2. Synthesis of PSS definitions

Highlights
Reference Year
Economic Activity Interaction & Integration Value proposition Organizational aspects Sustainability
[52] 1999 Marketable Jointly fulfilling User’s need A company/alliance
[53] 2002  Business models - - Networks, infrastructure Environmental impact
[54] 2003 Selling Jointly fulfilling Client demands -
1 -
(10] 2004  Economic value Jointly fulfilling Customer need
[55] 2007 - Integrated offering Value in use Knowledge, expert  Environmental impact
[56] 2004 - Jointly fulfilling Value proposition Network, infrastructure

[47] 2012 - Interrelated components Customers Resource combination
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271 3.4.2. Classifications

272 In the second step of conceptualization, various classifications of PSS proposed in the literature
273 were studied. These classifications are summarized in Table 3. While initial approaches were
274  product-centered, in the course of time the services became a more important and self-reliant part of
275  the product-service combination. In some cases, the physical product was even aligned to a service
276  or parts of it were replaced by services, e.g. cloud services that replace hardware storage capacity.
277  This development led to enhanced value propositions for the customer and to better options for
278  differentiation in comparison with competitors.

279 Table 3. Synthesis of PSS classifications
Reference Year Dimension
[57] 2000  Contribute to sustainability
[58] 2001  Evolution of Product Service Systems, Value proposition
[10] 2004  Product ownership, Provider’s role in the value production, Business Model
[59] 2011  Product and service engineering,
[60] 2012  Relationship between products and services (duality vs. unity), Products Ownership, Role Technology
[34] 2013  Level of integration and performance orientation of the dominant revenue mechanism within the PSS
[61] 2016  Product type (Durable vs Capital goods), Service type

280  3.4.3.Viewpoints

281 A viewpoint indicates from which aspect or with which focus a subject is or should be addressed.
282 According to [4], research on PSS can be studied through different lenses such as value co-creation
283  and collaboration; systems and networks; information and communications technology; and
284  complexity.

285 Some PSS viewpoints can be identified in conceptual frameworks. Such a framework is proposed
286  in the frame of the research project which is the origin of the present research work [63]. In the
287  proposed PSS conceptual framework, each viewpoint is represented as a layered dimension where
288  the highest maturity level is the symbiosis of product and service related entities. These dimensions
289  are mentioned in the followings.

290 Business Model (BM): under this viewpoint, PSS can be studied as an economic exchange which
291  creates value as its core purpose and central process [64]. The enterprises must be able to clearly
292  define the actual product or service and their value proposition for the customer. Business Model is
293  aconfirmed viewpoint and issue in PSS context [35,65]. Its actual relevance is partially expressed by
294  [66]. From this viewpoint, a conceptual framework to assist with the development of PSS has been
295  proposed in [22].

296 Innovation Openness: PSS is studied under this viewpoint as an innovating process with multiple
297  actors and objectives. In this complex ecosystem, the following misunderstanding can occur: “Who's
298  responsible for what when things fail [during or after the PSS development]? [As a trigger of
299  innovation] It is very costly to solve all the problems of responsibilities when things fail” [8].
300  Therefore, focus here is on responsibilities within PSS ecosystem and openness of innovation process
301  towards external actors [49].

302 Dependency: this viewpoint focuses on functionalities and interactions provided by each
303  component within a PSS. Service design should cope with the functionalities provided by the product
304  coupled with that service, and vice versa [65]. In addition to this functional interdependency, PSS
305  concept envisions several interactions in both directions all along the lifecycle [67]. Such interactions
306  have been studied and visualized by [68,69].

307 Topology: Under this perspective, a PSS consists in a combination of cyber (“Digital world”) and
308  physical (“Real world”) elements. Therefore, PSS typologies differ in terms of degree of digitalization.
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309  Forinstance, a PSS might adopt “Cyber-Physical Production Systems (CPPS)” to foster new processes
310  and production methods for reducing “time to market”, waste and failures, as well as improving
311  quality and cost effectiveness.” [70].

312 Interoperability: During PSS engineering, service and product staff, with various fields of
313 expertise or with different types of resources, must exchange information. For instance, in the case of
314  the maintenance service, product design requires the knowledge of the maintenance operator, gained
315  from his experiences, to improve the design of the product [67]. Therefore, these actors should be
316  interoperable (i.e. capable of exchanging information and semantically understand each other). In
317  this case, solutions, in the form of collaboration tools or interoperability improvement methods, are
318  required [71].

319 Modeling & simulation (M&S): As mentioned in the introduction, PSS is usually a complex system
320  due to the variety of its elements with heterogeneous nature related to both production and service
321  domains. In such a complex environment, modeling can support the understanding of the structure
322 and behavior of a PSS. Pirayesh et al. propose a unified decisional model to support the PSS lifecycle
323  management [13]. Modelling can also facilitate the development of a PSS. Model Driven Service
324  Engineering has been addressed in [23] while proposing an architecture and methodology for this
325  purpose. As a complementary task after modeling, simulation can be necessary for providing
326  assessments of the system performance and behavior in addition to static abstractions of the system
327  [16]. A platform offering new approaches to visualize, simulate and test services are discussed in [72].

328  4.PSS Conceptual Model

329 The conceptualization approach mentioned in the methodology section guided the identification
330  of the main concepts required for describing and understanding a PSS in an abstract way. These
331  concepts and their properties formed the skeleton of PSS Conceptual Model (PSS-CM). They are
332 represented in different ways (i.e. classes, attributes, associations and cardinalities, and
333 enumerations) in a class diagram according to their conceptual level and role (see Figure 4). To
334  provide a formalized model, PSS-CM is developed as a meta-model in accordance to Ecore in Eclipse
335  modeling environment [73].

336 Definitions are proposed in the following paragraphs for the key elements (i.e. classes and
337  attributes) of PSS-CM. Other elements such as associations and cardinalities are described in Table
338 Al of Appendix A. To perform a preliminary validation, the elements and definitions were discussed
339  in several iterations both from scientific and industrial point of view in the frame of the
340  aforementioned European research project (PSYMBIOSYS) while considering the literature review. It
341  should be mentioned that some examples of these elements are provided within the case-study
342 sections.

343 First, a global definition is proposed for PSS: it is a system including a mix of tangible products
344  and intangible services designed, combined and provided to the customer so that they jointly and
345  symbiotically can fulfill specific customer needs with higher added values comparing to isolated
346  products and services. This definition can be extended using the PSS-CM.

347 Ecosystem [class]: A PSS is usually related to an Ecosystem [class]. It consists of all actors who play
348  an active role around one or several P-S. The involvement of these actors in the PSS innovation or
349  development process can be different according to the openness of this process. In fact, among the
350  potential actors, the ecosystem is created according to the enterprise business rules (e.g. collaboration
351  policy) and the characteristics of each actor. In an enterprise, the early steps (i.e. strategy analysis,
352  market analysis, etc.) of servitization are usually managed and performed by the enterprise
353  management (at strategical level) and its engineering team created in the beginning of the
354  servitization. The next steps might require the inclusion of other actors; internal (e.g. management at
355  different levels, design experts, technical specialists, marketing, sales people ...) and external (e.g.
356  suppliers, customers, domain experts, as well as potentially the general public, Research and
357  Technology Organizations (RTOs), Digital Innovation Hubs (DIHs), Competence Centers etc.
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360 Figure 4. PSS Conceptual Model (PSS-CM)!

361
362
363

In PSS-CM, the Ecosystem class is considered to be the root since it is the broader concept and
it is related with all the other entities. To complete the definition of PSS ecosystem, some key
attributes are proposed (see Table 4).

364 Table 4. Ecosystem attributes

Attribute Description
The degree of involvement of different stakeholders in the innovation process. It can be: (1)
InnovationOpenness Walled Enterprise, (2) Extended Supply Chain, (3) Liquid Value Network or (4) Symbiotic
Ecosystem.
purpose The objective behind the formation of the ecosystem.
Policy The set of rules for regulating collaborations among stakeholders in the ecosystem.
maturity History of the collaboration between stakeholders within the ecosystem.
Opverall cost and revenues of the stakeholders plus the cost for forming and maintaining the
cost/Revenue

ecosystem.

365
366
367
368
369

Stakeholder [class]: Once the ecosystem is created and the servitization/productization is a
confirmed strategy, the involved actors (e.g. persons, enterprises or organizations such as research
centers, universities, public bodies, etc.) for realizing this strategy become the Stakeholders [class].
Stakeholders manage or perform processes which are supported by resources. To complete the
definition of stakeholder, the following key attributes can be mentioned (see Table 5).

1 Attributes’ type (e.g. string) have been removed from the model.
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Table 5. Stakeholder attributes

Attribute Description

The role of the stakeholder within the P-S ecosystem, which reflects its nature to some extents.
role(s) Roles can be: (1) product provider, (2) service provider, (3) supplier, (4) training / research center
and (5) public entity, (6) customer or (7) manufacturer.

Expectation and desired evolution for the global performance of the stakeholder. The objectives,
at this level, results from the aggregation of process-specific goals.
etc. Other attributes according to the specific needs (e.g. Strategy, Legal form, Finance, etc.).

objective(s)

Product [class]: It represents a tangible component of the P-S bundle. It is a tangible physical
entity or a good which is sold to customers responding to their needs. The definition of this class can
be completed with the following key attributes (see Table 6).

Table 6. Product attributes

Attribute Description

Physical Aspect It is about generic physical characteristics (e.g. color, size, design, geometry, etc.).
Other attributes (e.g. type, function, ownership, costPriceValue) are inherited from physicalEntity

etc.
[class] which itself inherits some attributes from component [class].

Service [class]: The value added intangible element of the P-S bundle provided to the end user.
A Service is performed: by a system which has a "substantial knowledge", for a customer, in co-
creation with him and eventually other stakeholders, with intangible results and economic added
value, with results that could be delivered remotely. Service should be delivered continuously;
otherwise, it disappears after being delivered. The following key attributes are considered for service
(see Table 7).

Table 7. Service attributes

Attribute Description

Short-term transactional interaction involving on one hand, a provider who delivers the Service,

encounter
and on the other hand a user. Delivery method is also addressed here.

costPriceValue Service cost, price or its value for the customer.

ProductService [class]: It represents the [expected] output provided by the PSS ecosystem (or a
part of it) to the final customer/user who himself is a stakeholder closely involved in PSS lifecycle. It
consists of a mix of tangible products and intangible services with a specific association. The
following key attributes can be considered for this class (see Table 8).

Table 8. ProductService attributes

Attribute Description

BT Dt The links between the P and S related activities all along P-S life-cycles (e.g. resource allocation).
It can be: (1) independent, (2) correlated, (3) collaborative or (4) symbiotic.

. The business relation between the product and service (e.g. type of value proposition, channels,

typeBusinessModel resources, etc.). It can be: (1) separalfed, (2) bundled, (3) j(oift 0};1:()4) Symbiotfc. ’

costPriceValue A product-service has a cost and a price (not always the sum of product and service costs).

Topology The configuration of cyber and physical part of a P-S. It can be: (1) Separated Cyber-Physical, (2)
Distributed Cyber-Physical, (3) Edge Cyber-Physical or (4) Symbiotic Cyber-Physical.

e The level of exchanges between the product and service systems in terms of data, knowledge and
processes. It can be: (1) Isolated, (2) Data Exchange, (3) Knowledge Sharing or (4) Symbiotic.

status The development stage of a P-S. It can be: (1) Idea, (2) Concept, (3) Prototype or (4) Industrialized.

SustainabilityGain The reduction in environmental impacts thanks to the novel combination of products and services.

Process [class]: It is a structured set of activities into which an enterprise system can be
decomposed. Examples of process can be design, planning, production, quality check; delivery, etc.
The definition of process can be completed with the following attributes (see Table 9).

Table 9. Process attributes

Attribute Description

sequence The chronological and/or logical order of activities forming the process.

objective Expectation and desired evolution for performances at process level.

it The lifecycle(s) which includes the process. It can be: (1) PLM, (2) SLM or (3) shared (in case of a

process belonging to both Product and Service Lifecyle).
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Activity [class]: It represents a sub-step of a process which transforms inputs into outputs by
means of different types of resource and under the control of different mechanisms. Activities can be
shared between the processes. To complete the definition of an activity, the following key attributes
are proposed (see Table 10).

Table 10. Activity attributes

Attribute Description

- Total cost of carrying out the activity for the company in a predefined unit of time
(minute/hour/day).

time Overall time required for completing the activity (minute/hour/day/week) for a unit of output.

it The lifecycle(s) which includes the activity. It can be: (1) PLM, (2) SLM or (3) Shared (in case of an

activity belonging to both Product and Service Lifecycles).

ComponentResource [class]: It represents an entity of different nature playing a role in an activity
within the enterprise system. Some components are part of the Product-Service bundle while others
are involved in the decisions. Some components are owned by the enterprise (e.g. employees,
machines, etc.) while others are external (e.g. suppliers). This class is a generalization of the following
classes (see the attributes of the class ComponentResource and its sub-classes in Table 11):

e ICT [class]: It represents elements enabling information exchanges inside enterprise system
as well as in the P-S ecosystem.

e Human [class]: It represents people involved with different roles in the provision of the P-S.

e  PhysicalEntity [class]: It represents physical means involved in the P-S development.

Table 11. ComponentResource attributes and its sub-classes

Attribute Description

ComponentResource

affiliation The owner (in case of property) or the employer (in case of Human) of the specific component.
function The tasks a component has to perform in the provision of a Product-Service.

costPriceValue several concepts about production cost, salary, price or the value of the component in PSS.
Human [ComponentResource]

type (1) person or (2) team, i.e. a single employee or a group of workers acting as a whole.

Profile Details of the person, such as his/her role, responsibilities, activities, seniority and experiences.
skillAndCompetence The capabilities of the human resource.

ICT [ComponentResource]

type The category of the component: (1) data, (2) software and (3) hardware.
PhysicalEntity [ComponentResource]

type The category of the component: (1) material, (2) tool and (3) machinery.

Decision [class]: It consists of actions defined for controlling processes, thus ensuring their proper
running. Decisions are made based on the value of certain indicators or on other information coming
from activities. The attributes of this class are described below (see Table 12).

Table 12. Decision attributes

Attribute Description

The list of actions to be implemented following the decision. It can include time, responsibilities
and procedures.

The scope of the decision in terms of horizon, namely the timespan interested by a decision. Three
levels are identified: (1) Strategical, (2) Tactical or (3) Operational.

description

level

PI (Performance Indicator) [class]: It evaluates to what extent the objectives (of processes or
stakeholders) are reached using the resources [class]. See the attributes of this class in Table 13.

Table 13. PI attributes

Attribute Description
A Detailed description of the PI, providing information about formulas, input data and link with
description . .
objective and drivers.
period The interval after that the PI is (re)measured to find potential deviation from the target value.
measuredValue PI value resulting from the monitoring system.
target PI expected or desired value.

threshold Acceptable PI value.
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413 5. Case study

414 Having developed the PSS Conceptual Model (PSS-CM), the research methodology (see Figure
415  5) was pursued at its final step to perform a preliminary validation and to illustrate the results (see
416  Figure 5). First, the structure of the model and the concept definitions were discussed during the
417  research project, among the domain experts, from both academic and industrial perspectives. In
418  addition, a case-study was performed, on one hand, to demonstrate PSS-CM instantiation while
419  providing examples of concepts’ instances from real business data, and on the other hand, to perform
420  aninitial evaluation of PSS-CM usage in business environment focused on servitization. Indeed, case
421  study can be a preferred research strategy since "how" or "why" questions are being posed [74]. The
422 adapted type in this context was a descriptive / exploratory case study (see case study categories in

423 [74)).

PSS-CM
data model
& definitions

previous steps of the research methodology |

Strategy Selection of a suitable validation strategy
methods: internal validation by project consortium and
descriptive / exploratory case-study

Scope &
User profile

Design of the use-case
method: preparation of interviews, data to be collected,
selection of actors

Realisation of the case study
method: instantiation of the PSS-CM

424

425 Figure 5. Case study methodology

426  4.1. Design of the use-case

427 The use-case was designed in relation to an enterprise which follows a servitization strategy.
428  First, the scope and profile of the user in the enterprise were verified; data to be collected were
429  defined; and a data collection method was stablished. Regarding the scope, the use-case can be
430  positioned in the early stage of servitization where PSS ideas are presented to the enterprise
431  management for approval. The actors involved in the case study were the business consultant and
432 the engineer of the enterprise working on the design of a PSS and its development process. The
433 objective of using PSS-CM by the enterprise was to achieve a common and global understanding on
434 the main known / new concepts and their relationships which are necessary for defining a PSS and
435  setup of an efficient development process.

436 The case study was conducted through interviews with the aforementioned actors and usage of
437  company records as sources of information. Based on collected data, a model of PSS-CM was
438  instantiated in its modeling environment. The model was validated by the enterprise actors through
439  several iterations to reach a common agreement on the PSS concepts and definitions.

440 The modelled PSS is as part of a Cabin Video Surveillance System. It involves hardware,
441  platform, and software applications, playing the role of the product [see product concept in PSS-CM],
442 used for recording video data and providing various video analysis services [see service concept in
443  PSS-CM]. Before detailing the instantiation of the PSS-CM, the PSS under study is globally illustrated
444 in Figure 6 as an actigram. In this Figure:

445 e  Connectors, represented as ovals, are objects exchanging entities (e.g. information or
446 physical) with the PSS.

447 ¢  Human, Physical or IT Resources, supporting the PSS, are represented by different icons
448 below the activity.

449 ¢  Flows, represented by arrows, indicate inputs (on the left), outputs (on the right), controls
450 (on top), and supporting roles, skills or function of resources (on the bottom).

451
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454 4.2. Instantiation of PSS-CM
455 The PSS-CM was instantiated with the data from the enterprise and information provided by

456  theinterviewed actors. It should be noted that the instantiated model presented here does not include
457  all the use-case data since the objective is to illustrate only one instance of each concept (i.e. classes,
458  including their attributes and associations).

459 The instantiation of the PSS-CM was performed in Eclipse environment [73]. It was started by
460  creating a “dynamic instance” of the PSS Conceptual Model and was continued by collecting the
461 necessary information about the PSS such as stakeholders, processes and activities, resources, and
462  the products and services while verifying the coherence of the proposed definitions with the
463  definitions used in the enterprise. This was performed based on the information provided by the
464  enterprise or using expert knowledge.

465 To complete the generated model (the XMI file), first two main classes were created as parts of
466  the Ecosystem which is the root (see Figure B1 in Appendix B):

467 e The Ecosystem has a composition association includesEnterpriseSystem with the following
468 stakeholders in the PSS ecosystem: Stakeholder Use-case (company providing the Cabin
469 Video Surveillance System), Stakeholder MRO (Maintenance and Repair Organization),
470 Stakeholder Aviation authorities, and Stakeholder Airline (Customer)

471 e  The Ecosystem has composition association providesPS with Stakeholder. This indicates that
472 the Ecosystem is formed around a ProductService which is the “Video Surveillance System”.
473 Other classes were then created as parts of the Stakeholder and ProductService classes (see Figure
474  B2in Appendix B).

475 Following the above tasks in a hierarchical way, all the classes were added to the model until

476  reaching at least one instance (example) of each concept. An excerpt of the model is illustrated in
477  Figure B3 (see Appendix B). Then, for each class instance, the properties (i.e. attributes and
478  associations) were quantified.

479 An example is illustrated in the Figure B4 (see Appendix B) for the class “Stakeholder use-case”.
480  After adding all the class instances and their properties to the model, its syntax (e.g. availability of
481 obligatory attribute values, cardinalities, etc.) was verified. This functionality is available in an
482  automatic way for the models developed in Eclipse environment. Such verification ensures the
483  conformity of the instantiated model with the syntax of PSS Conceptual Model that plays the role of
484  the meta-model.

485
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486 5. Discussion and conclusions

487 In this research work, the main objective was to provide conceptual propositions to researchers
488  working in PSS context, and enterprise managers or designers involved with the early stages of
489  servitization / productization. The propositions are mainly formulated around a conceptualization
490  approach and its result called PSS Conceptual Model (PSS-CM). The contributions allow reducing
491  the conceptual gaps of the managers through instantiation of this model and its components in their
492 environment according to the proposed definitions. It should be mentioned that PSS-CM is presented
493 asa class diagram and is formalized based on Ecore meta-mode.

494 The conceptualization approach behind the PSS-CM is founded on the fact that facing strategical
495  decisions involved with new subjects, such as servitization, managers require abstract and simplified
496  models with clear structures and a high ratio of known concepts. First to form the core of PPS-CM,
497  the concept of PSS was studied from a systemic point of view since it inherits the intrinsic
498  characteristics of a system. This core mainly includes concepts such as process, activity, resources,
499  decision, performance indicator, etc. This allows increasing the comprehensibility of the model for its
500  user starting by such known and generic concepts. Then, the first layer of PSS-CM was formed based
501  on the analysis of product related and service related concepts in a separate way. For the second
502 layer, several PSS definitions, classifications and viewpoints addressing PSS as a whole, were studied
503  to gradually add specific PSS concepts and their attributes to the conceptual model.

504 To define / understand a PSS using PSS-CM, a top down approach can be followed. It is mainly
505  critical to first reach a common understanding on the new concepts (e.g. product-service and its
506  attributes) and their association with more known concepts (e.g. activity, resource etc.). In other
507  words, the results of PSS conceptualization approach are followed in reverse from the upper layer
508  (PSS-specific concepts) to the core (system concepts) of the model.

509 PSS-CM is developed in an open source modeling environment. Therefore, it can be easily used
510  and integrated in the enterprises, particularly SMEs. Considering the complexity of each industrial
511  environment, the model can be even customized (e.g. by adding new concepts or modifying the
512 concepts’ properties) according to the specific characteristics of the enterprise.

513 For validation purposes, the results were discussed in several iterations with research and
514  industrial experts in the frame of a European research project called PSYMBIOSYS. This allowed
515  ensuring a preliminary validation within the project consortium as a pilot community which should
516  be then extended. Moreover, to verify the applicability and syntax of the model, a case study was
517  performed with real data of an enterprise working on a servitization project. The user confirmed that
518  the PSS-CM can be accepted and applied in their environment and the main advantage is considered
519  to be its limited number of concepts while allowing reaching a common understanding on both
520  known concepts and new concepts necessary for defining their PSS.

521 Regarding the future work, PSS-CM should be validated in a larger community of experts to
522 improve the results for future exploitation. Therefore, it will be proposed to the European PSS cluster.
523 Moreover, new instances can be created through additional industrial case studies to enrich the
524 conceptual model and to verify its applicability. Eventually, elements of the model can be enriched
525  while moving towards a standard ontology. However, as mentioned in the introduction of this paper,
526  the core characteristic of PSS-CM, which is its lucidity, should be preserved to increase the chances
527  of adoption by managers, particularly at strategical levels.
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Appendix A
Table Al. Associations in PSS-CM
Association Cardinality Description

Ecosystem

includesStakeholder 1.x Ecosystem is formed by one or several enterprises (class EnterpriseSystem)

ProvidesPS 1. An Ecosystem (or part of ecosystem) operations result in the provision of at least
one P-S.

ProductService

consistsOfProduct il A P-S bundle comprises one or more physical products.

consistsOfService 1.* A P-S bundle comprises one or more services.

isFormingPSSwith il P-S is associated with Stakeholder. This association indicates the formation of a
PsS.

Product

Generalization - A product is considered a physical entity [component] which is the final physical
output provided by a stakeholder to the user.

Service

involvesComponent 1. A service can involve different type of components (e.g. physical product, human
as user or provider, IT tool as provider).

Stakeholder

isAssessed ByPI 1. One or more global PIs are defined for monitoring and controlling stakeholder
performance.

involvesDecision 1.x A stakeholder takes one or many decisions at different levels (strategical, tactical
and operational) to control its processes.

consistsOfProcesses 1.* A stakeholder [of type enterprise] consists large number of processes, design,
manufacturing, delivery, planning.

hasComponents 1. A stakeholder [of type enterprise] comprises one or many entities (class
components), which can be of different types ICT, Human or Physical.

Process

isComposedofActivity 1.* Processes are decomposed in one or more activities. Complex processes count
several activities. An elementary process can be decomposed in just one activity,
being the activity the process itself.

Activity

IsComposedOfActivity 0. An activity can be decomposed into sub-activities. Atomic activities cannot be
further decomposed.

hasComponent 4. An activity is related to components with different roles:
An activity transforms one or more inputs into output(s)
For the transformation, an activity uses one or more components as resources
To be performed properly, the transformation requires controls, objectives and
constraints

ComponentResource

isCoupledWithComponent 0.* A component can be associated with another component (e.g. a person using a
Tool)

isComposed OfComponent 0.* A component might be composed of other components. For instance, a product
can be resulted from the assembly of different parts.

ICT [component]

Generalization na “ICT” class is a specialization (child) of “Component” (parent).

Human [resource]

Generalization n.a “Human” class is a specialization (child) of “Component” (parent).

PhysicalEntity [component]

Specialization/Inheritance n.a. “PhysicalEntity” class is a specialization (child) of “Component” (parent).

Decision

|framesDecision 0.* A decision can (or not) limit the decisional frame of other ones.

affectsProcess 1. A decision, to be relevant, must influence at least one process in the company.
Some decisions, mainly at strategical level, have impact on several processes.

isMadeByHuman 1.* A decision involves one or many decision-makers. Simple decision, in everyday
running at operational level, can be taken from single persona while strategical
decisions usually involve several people with different skills, competences and
roles.

isSupportedByICT 0. A decision may (or not) be supported by one or several tools.

PI

isLinkedToComponent 1.* A Performance Indicator (PI) can be linked to one or several components as the

driver of the PL In this case, the component is intended to improve the PI value.

doi:10.20944/preprints201802.0079.v1
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539  Appendix B

v [ platform:/resource/Models/P5S_Conceptual_Model| Use-case | xmi
v 4 Ecosystem Aircraft Video Surveillance

New Child > %§ Includes Enterprise System Stakeholder
» 4 Stakeholder Use-cxe oy L )
» 4 Stakeholder MRO Undo CtrsZ rovides PS Product Service
4 Stakeholder Aviation authorities Redo Ctrl+Y
» 4 Stakeholder Airlines (customer)
540 5 4 Product Service Video Surveillanc “7  Cut
541 Figure B1. Creation of initial classes from the root for the use-case
v [ p : P55_C | Model Ustme xmi
v 4 Ecosystem Aircraft Video Surveillance
v 4 Stakeholder Ut-came
HNew Child ¥ ¥§ Has Component Compenent
Hew Sibling » #§ Has Component ICT

4§ Has Component Human

*§  Has Compaonent Physical Entity
4%  Has Component Product

4  Invobves Decision Decision

*F  Is Assessed By PIPI

#§  Consists Of Process Process

+ Product Service Video Surveillance System Mew Child 3 %% Consists Of Product Product

542 . New Sibling > ¥4 Consists Of Service Service

543 Figure B2. Creation of new classes to the two main classes of the model for the use-case

v [ pletforme/resource/Models/PSS_Conceptual_Model | Use-cae | xmi
v 4 Ecosystem Aircraft Video Surveillance

v 4 Stakeholder Use-case
ICT Ideation platform
ICT Market Analysis Method
ICT Knowledge management platform
ICT PS Design Tool
Human ' |top management
Human Program manager
Human Service Engineer
Decision The innovation strategy, senvice or product?
Decision Category of services and selection critena
Decision Selection of services for specific customer
PIPIN - Customer involvement in ideation
PIPI3 - Customer acceptance
Process P01 - Developement process
4 Activity A11- Onientation (Strategy)
4 Activity A12 - Market Analysis
% Activity A13 - Business Case Development
4 Activity A14 - Requirements Engineering
4 Activity A15 - PSS Modeling and development
4 Activity A16 - Verification & Validation

» 4 Process P02 - PS delivery and support

v 4 Stakeholder MRO

4 Human Maintenance Technician

4 Stakehclder Aviation authorit

w 4 Stakeholder Airl (cust )

4 Human Chedf of security
v ¢ Product Service Video Surveillance System

% Product Video Analysis Software

4 Product Cartridge

4 Service Video Analysis

e L ee et

&> &

<
&

544 4 Service Video Monitoring
545 Figure B3. An excerpt of the instantiated PSS Conceptual Model for the use-case
[C] Properties 22
Property Value
Function *= To provide video surveillance system
Name "E Use-care
Objective *= 01_To decrease development cost and time to market, 02_Te minimise Financial business nisks,
546 Role = serviceProvider, productProvider

547 Figure B4. Properties of the class “Stakeholder” in the use-case
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