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Abstract

Developing new mobility services such as electric vehicles and autonomous vehi-

cles services requires not only the interaction and interoperation of independent

systems such as electric vehicles, electric infrastructure, or off-board servers, but

also the collaboration of independent business partners, namely, car manufacturers,

energy providers, and service providers, developing, managing and operating these

systems. Such services show both Product Service Systems and Systems of Systems

characteristics and, as such, can be defined as Product-Service Systems of Systems.

While extensive literature exists on developing and managing PSS product and ser-

vice elements and SoS constituent systems, little research explicitly focuses on PSSoS

stakeholders. In particular, the analysis of PSSoS stakeholder business partnerships

and involvement in PSSoS development. PSSoS development is seen as the develop-

ment, operation, and management of constituent systems. This paper contributes to

addressing this gap and proposes an approach to manage stakeholder participation in

the PSSoS business partnership and PSSoS development.
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1 INTRODUCTION

Electric and autonomous vehicle-related services are gaining impor-

tance in the development of new mobility. Such services require not

only the interoperation of independent systems [e.g., electric vehicles

(EV) and electric infrastructure], but also the collaboration of indepen-

dent business partners such as car manufacturers, energy providers,

or service providers developing, managing, or operating these systems.

These services are considered to be Product Service Systems of Sys-

tems (PSSoSs) defined as “sets of products, services, infrastructures,

and networks where its constituent elements exhibit operational and

managerial independence”.1 PSSoSs are both Product Service Systems

(PSS)2 and Systems of Systems (SoS).3 Given that PSSs and SoSs have

rarely been studied concomitantly in the literature, we rely on the PSS

literature and SoS literature to address PSSoS questions.

An extensive literature exists on PSS design and development

focusing on product and service elements4 and PSS business model-

ing and value proposition.5 A large body of knowledge also explores

SoS architecture6,7 and SoS management.8 More recently, the PSS

literature and the SoS literature have become more and more inter-

ested in identifying and characterizing the stakeholders taking part

in PSS or SoS development. PSS literature identifies stakeholders

involved in PSS development.9–11 Studies in Refs. 12–15 focus on

value co-creation. Other studies16–19 propose collaborative value net-

work models describing business partnerships PSS development and

operation.

Regarding the SoS literature, most SoS frameworks20,21 include

a representation of SoS stakeholders defined as independent enter-

prises and organizations managing and operating SoS component

systems.3 The SoS literature describes strategic relationships20
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between SoS stakeholders and their relationships in the development

and operation of the SoS constituent systems.22,23

Hence, the PSS literature and the SoS literature identify PSS and

SoS stakeholders, characterize their relationships from a business

partnership perspective, or describe their relationships in the devel-

opment and operation of the PSS or SoS through product, service,

or component system interaction and interoperation. However, to

our knowledge, no research goes beyond qualitative analysis. On the

other hand, quantitative methods to characterize stakeholders more

generally have been proposed in project management and organiza-

tion literature.24 However, these methods, since adopted by many

other fields,25–27 have not been developed for PSS, SoS, or PSSoS

stakeholders.

This paper aims to address this gap in the context of PSSoSs

and specifically focuses on independent enterprises that collaborate,

develop, and operate the PSSoS constituent systems. This research

proposes a novel approach to qualify and quantify the importance

and influence of PSSoS stakeholders. This approach is comprised of

three steps. The first step aims to model PSSoSs as a heterogeneous

network.1 The second step aims at analyzing their importance in

business partnerships and development. The third step proposes to

quantify the influence of PSSoS stakeholders from both perspectives;

business partnerships, and PSSoS development.

We propose the following structure of the paper. Section 2 reviews

existing stakeholder analysis approaches and assesses their poten-

tial use in the context of PSSoSs. Section 3 presents the research

approach. In Section 4, we describe the underlying PSSoS model. We

also detail the analysis of PSSoS stakeholder importance and influence.

In Section 5, we discuss an EV charging service industrial case study

and its implications. Finally, a discussion and conclusion are given in

Section 6.

2 LITERATURE REVIEW

As PSSoS stakeholders are, by definition, similarly involved in theman-

agement, operation, and development of PSSoS component systems,1

two main literature domains are of interest: 1) management lit-

erature and 2) design engineering literature. We focus in this

paper on quantitative methods investigating stakeholders and their

relationships.

In general terms, stakeholders are defined as “groups that have

a stake in the activities that make up the business,” including cus-

tomers, suppliers, employees, financiers, communities, managers.28

Based on this definition, stakeholder analysis has been historically

the focus of management and organization research with stakeholder

theory as its foundation.24 Since then, several stakeholder analy-

sis methods have been proposed. Several contexts have also been

specifically addressed, for example, business management,29 policy

analysis,30,31 environmental management,27 or construction projects

management.25,26 Aragonés-Beltrán et al.32 propose a method to ana-

lyze stakeholder influence from a product manager’s perspective. The

authors defined the influence of a stakeholder based on four clusters

of criteria: knowledge, social skills, assets, and external factors such

as the public image. The authors modeled the dependencies among

stakeholders, the dependencies among influence criteria, and between

stakeholders and influence criteria. They also relied on the Analytic

Network Process Model to compute each stakeholder’s influence

index.

In particular, the literature focusing on construction projects, large-

scale engineering projects, and software projects is interesting as

these projects show similar characteristics to PSSoSs, namely, the com-

plexity, the participation of various organizations, and the potential

geographic distribution.3,33 In the context of construction project man-

agement, another interpretation of stakeholder influence have been

given. Zedan and Miller34 reinterpret the influence attributes: power,

proximity, and interest proposed by Bourne and Walker29 to the con-

text of construction project management, and more specifically to

assess the influence of stakeholders on the energy efficiency of hous-

ing. Based on these attributes, the influence of stakeholders in the

energy efficiencyof housing is calculated as the sumof thepower, prox-

imity, and interest multiplied by the time factor indicating the overall

time that a stakeholder is involved in the project. Another perspective

on influence in construction projects has been proposed by R. J. Yang

and Zou.35 Considering specifically green construction projects, the

authors highlight the importanceof studying stakeholders and the risks

associatedwith them. They focus on risks associatedwith stakeholders

and use risk network topological measures [e.g., node (risk) eigenvec-

tor centrality]. In the same fashion, Dadpour et al. (2019)36 underline

the importance of stakeholder concerns and their impact on planning

and executing construction projects. The authors propose a network

of stakeholder concerns and use network metrics to characterize the

power and influence of stakeholder concerns.

Considering large-scale engineering systems, we highlight the work

around the PhD thesis of Feng37 concerning stakeholder value net-

work modeling.38,39 In this research, the authors propose a quali-

tative/quantitative approach to characterize stakeholder power and

influence, taking into consideration direct and indirect relationships

between stakeholders. They propose to identify the stakeholders and

consider their roles, objectives, and needs. Based on this stakeholder

characterization, the “stakeholder value network” is proposed where

nodes are stakeholders, and edges are quantified value flows reflecting

specific needs of stakeholders and their perceived utility to recipi-

ent stakeholders. Finally, the authors define theWeighted Stakeholder

Occurrence (WSO) and theWeighted Value FlowOccurrence (WVFO)

to measure the importance of a stakeholder. The “stakeholder value

network” has also been used and adapted to specific contexts such as

space exploration40 or industrial symbiosis.41

In the context of large-scale software projects, several authors have

also taken an interest in prioritizing stakeholders and investigat-

ing their relationships. Ballejos and Montagna42 argue that soft-

ware project management is “integrally affected by stakeholders’

perspectives and their participation,” especiallywhen it involves differ-

ent organizations. Therefore, theypropose an approach for quantifying

the interest and influence of stakeholders in the project. The interest

characterizes the needs of a stakeholder with regard to the project
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and its objectives. The authors propose different expressions to cap-

ture this interest: either a weighted sum of the stakeholders’ interests

in variousproject objectives or themost significant interest in a specific

project objective. The influence depends on the role (e.g., decision-

maker, developer, or sponsor) and power of the stakeholder, including

positional power, personal power, and political power. Lim et al.43

propose another method named “StakeNet” to identify and prioritize

stakeholders based on their influence on the software project. The

proposed six steps method relies on network topological measures to

prioritize stakeholders. This method was further discussed in the case

of systems of systems in Ref. 44.

To resume, most stakeholder analysis approaches in the man-

agement research domain consider skills,32 interests, concerns,36 or

needs38 as important attributes characterizing stakeholders. In most

cases, different network topological measures are used to quantify the

importance of a stakeholder (or a node). The difficulty lies in the fact

that these measures do not give concrete insights into the manner of

participation of different stakeholders in the development and opera-

tion in general. Another research current addresses this question with

a focus on system design and development.

Luo et al.45 recognize that most products are manufactured by

firms collectively designing and producing the systems. These firms

are linked through transactions. In this context, the authors proposed

an analysis of transaction networks. More specifically, they character-

ize the hierarchy of the transaction network defined as the degree to

which transactions flow in one direction, from “upstream” to “down-

stream,.” In this research, the authors do not focus on the analysis of

each stakeholder but on the characterization of hierarchy in transac-

tion networks. Son and Cho46 focus on collaborative R&D activities in

the pharmaceutical industry. They considered pharmaceutical compa-

nies and enterprises, research institutes and universities, and hospitals

and public bodies. The relationships between stakeholders represent

their mutual engagement in projects. The authors relied on node net-

work metrics to characterize the centrality of each organization in the

collaboration network.

Another area of the literature considers stakeholders that are

directly involved in product development. For instance, Morelli et al.47

already analyzed technical communication within a product develop-

ment organization seen as a way to improve product development

activities. The authors differentiated coordination, knowledge, and

inspiration communication. Later, Sosa et al.48 empirically investigated

the factors that influence communication, drivers, and barriers, espe-

cially for distributed product development. Batallas and Yassine49

propose to use communication matrices and node network measures

to identify information leaders and to distinguish internal coordina-

tors, external coordinators, representatives, gatekeepers, and liaisons.

Bashir50 also uses network centrality measures to analyze the infor-

mation flows among product development teams. Based on thesemea-

sures, the author classifies product development teams in four other

categories autonomous, receivers, transmitters, and transceivers. Par-

raguez et al.51 rely on a dynamic cross-domain network approach

to characterize the information flows in engineering design. In their

approach, they consider not only the network of people communica-

tions but also the network of activities and their information flows,

along with the network of people-activities, and that throughout the

engineering design stages (as a temporal dynamic). In this work, cross-

domainnetworkmeasures areused to characterize the importanceand

influence of an activity rather than a stakeholder. Similarly, Wu et al.52

analyzed the communication and collaboration mechanisms in social

product development using multi-domain networks at actor and sys-

tem levels, including customer needs, functional requirements, design

parameters, and process variables. One can see that the majority of

this research current has been focusing on communication and infor-

mation flows. However, there is also research that addresses other

attributes to characterize teams in view of better organization. For

example, Chen and Lin53 propose a model for team member rating

basedonmultifunctional knowledge, teamwork capability, andworking

relationship ratings. This rating model aims at assessing the formation

of multifunctional teams in concurrent engineering.

To resume, the approaches considering stakeholder definitions

related to project and engineering either * consider firms participating

in the design, development, or manufacturing of the product45,46 and

characterize their partnerships and engagements in the project, or *

focus on product development teams and characterize their communi-

cationandcollaborationviadesignactivities and throughout thedesign

process.47,49–51

In summary, in the management domain, stakeholder analysis

approaches gave various interpretations of the importance and influ-

ence of a stakeholder. Approaches in the design engineering domain

addressed two aspects: stakeholder partnerships and development

implications.However, bothdomainsdidnot specifically addressPSSoS

stakeholders. In section 3, we address this gap by identifying informa-

tion pertaining to PSSoS business partnerships and development and

giving relevant interpretations of PSSoS stakeholder importance and

influence in these contexts.

3 RESEARCH METHODOLOGY

The present paper is based on a previous research work published in

Ref. 1. In Ref. 1, a thorough PSS and SoS literature review is conducted

to identify PSS and SoS underpinnings and cross-cutting themes and

consequently define PSSoS key concepts.

This work focuses on the concept of PSSoS Stakeholders defined

in Ref. 1 and suggests a PSSoS stakeholders modeling and analysis

approach. The adopted research approach is presented Figure 1.

4 ANALYZING PSSOS STAKEHOLDER
IMPORTANCE AND INFLUENCE IN BUSINESS
PARTNERSHIPS AND DEVELOPMENT

In this section, we aim to quantify the importance and the influ-

ence of each PSSoS stakeholder in business partnerships and

development.54–56 The literature review showed that quantita-

tive stakeholder analysis approaches give various interpretations
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F IGURE 1 Research approach.

of the importance or influence of stakeholders depending upon the

definition of a stakeholder, the type of information, and the objective

(e.g., energy efficiency). Hence, we propose a high-level PSSoS net-

work, based upon the ontology proposed in Ref. 1, to capture relevant

information describing PSSoS stakeholder business partnerships and

their implication in PSSoS development.

4.1 PSSoS heterogeneous network

4.1.1 PSSoS stakeholder collaboration

The PSSoS collaboration level aims to represent the collaboration

or value co creation between PSSoS stakeholders In the PSSoS

ontology,1 “client,” “constraint stakeholder,” and “PSSoS stakeholders”

are defined. In this research, we focus explicitly on the collaboration

between the PSSoS stakeholders: “independent actors or enterprises,

who collaborate, develop, and operate the PSSoS and the constituent

systems.” PSSoS stakeholders are connected through relations “col-

laborate with.” This information can be represented as an undirected

homogeneous network (Figure 2).

4.1.2 PSSoS concepts related to PSSoS
stakeholder business partnerships

“Service,” “ValueChainRole,” and “Service configuration,” are concepts

related to PSSoS stakeholders’ business partnerships. The concept

“service” is defined here as “what is sold to customers and what pro-

vides them value and achieves their goals.” Each PSSoS stakeholder

has a “value chain role,” expressing their position in the value chain or

the service delivery. “Service configuration” expresses how a service

is put into operation in a specific context (e.g., Plug&Charge service in

city A and city B). One PSSoS stakeholder can “participate” concretely

in the delivery of one or many service configurations. Besides, ser-

vices can be composed of several services; and one service can “call”

another service that is already existing or to be developed. As service

configuration concerns operational deployment, the same relationship

“call” can be used between services configurations. This information

can be used to identify the number of service configuration to which

a PSSoS stakeholder is actively participating and their role in the

business development. This information can be represented as a het-

erogeneous network57 (pertaining to PSSoS business development

(Figure 3).
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FAKHFAKH ET AL. 453

F IGURE 2 Network of PSSoS stakeholder collaborations.

F IGURE 3 PSSoS concepts related to PSSoS stakeholder business partnerships.

4.1.3 PSSoS concepts related to PSSoS
development

Concepts related to PSSoS development are “Service feature,” and

“Service function,” “Service features” are defined as “the capabilities

needed to provide the “service” and perceived by the customer and are

representedas activities”. “Service features” and their relationships can

be used to represent what is commonly known in the development as

the customer journey. A customer journey is considered as a sequence

of “service features” and how they are linked together. In the devel-

opment process, for each object developed, “functions” are defined in

order to model what the object is doing or should do. Hence, each

“Service feature” is accomplished by “functions.” “Functions” are here

defined as activities transforming input flows into output flows and

are used to represent functional flows. In this paper, we focus on the

functional level (Figure 4).

Previous research highlighted the difficulty of measuring topolog-

ical measures on a heterogeneous network raises an interpretation

issue.58 Oneof the possibilities inmanaging these interpretation issues

is to reduce dimensionality (hence transforming heterogeneous net-

work into homogeneous networks).58 In this research we propose

to develop two homogeneous networks addressing PSSoS business

partnership and development (Figure 5).

4.2 From a heterogeneous network to a tow
homogeneous networks reflecting PSSoS stakeholder
importance in business partnerships and
development

Advanced methods to analyse heterogeneous network have been pro-

posed in the literature.57 Such methods require significant databases

(hundreds of notes and billions of interactions) and a deep understand-

ing of its content to be able to interpret the results. Other methods

suggest to reduce the heterogeneous networks dimensionality by

aggregating the information contained in nodes and edges.58 Aggrega-

tion inevitably involves a loss of information but allows to maintain an

interpretability of the results especially in early-stage design.

As the collaboration on PSSoS development is new in the auto-

motive industry and initial data are being gathered, we suggest in

paragraphs 1 and2 to reduce the dimensionality of heterogeneous net-

work presented in section A and to the homogeneous networks and
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F IGURE 4 PSSoS concepts related to PSSoS development.

F IGURE 5 Process from a heterogeneous network to tow homogeneous networks.

construct two homogeneous networks: The first focuses on the PSSoS

stakeholderbusinesspartnership and the secondonPSSoS stakeholder

involvement in the development.

4.2.1 PSSoS stakeholder business partnership
network

This section explains a step-by-step process of transforming the

heterogeneous network to homogeneous network related to PSSoS

business partnership (blue level). We propose a two-step process: 1)

the characterization of each PSSoS stakeholder, and 2) the character-

ization of a collaboration between two PSSoS stakeholders.

Step 1: Characterizing a PSSoS stakeholder

This research aims to understand which and how a PSSoS stake-

holder participates in service configurations. To do so, we propose to

consider/put Value Chain Roles as attributes in the PSSoS Stakeholder

network (Figure 6). In the ontology, PSSoS stakeholders are not related

directly to the services, as this is a conceptual definition. However,

a “service” is operationally deployed and concretely defined through

“service configurations.” To understand PSSoS stakeholder involve-

ment, we consider services as attributes of the service configuration
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F IGURE 6 Characterizing a PSSoS stakeholder.

network (Figure 6). Here, a service can be seen as a “type” of a service

configuration. For example, both service configurations “Navigation

service city A” and “Navigation service city B” are “typed” “Navigation

Service.” This allows us to reduce the dimensionality of the initial net-

work (represented in Figure 3) that contains information related to the

PSSoS stakeholders participating in different service configurations.

Here, we propose two analyses:

∙ the number of service configurations a PSSoS stakeholder partici-

pates in, noted |SCi|, where SCi is the set of service configurations

the PSSoS stakeholder i participates in and,

∙ how these service configurations are linked together through the

relationship “calls.” As a reminder, the relationship “calls” indicates

that a service configuration relies upon/uses another service config-

uration. For instance, some charging vehicle service configurations

rely on or use navigation service configurations. To capture this,

we consider the network of service configurations the PSSoS stake-

holder participates in and measure its density (ensity(SCi) [Equa-

tion 1)] (indicating the extent to which configurations rely upon or

use each other).

density (SCi) =
2 × ESCicalls|SCi| × (|SCi| − 1)

(1)

Where ESCicalls is the sum of the edges representing the relationship

“calls” among the service configurations in SCi.

The number of service configurations and their density inform

on the PSSoS stakeholder’s importance in the business partnerships.

Figure 6 sums up how PSSoS stakeholders are characterized.

Step 2: Characterizing PSSoS stakeholder collaborations

To characterize the collaboration between two PSSoS stakehold-

ers, we consider the service configurations they both participate in.

Similarly to the characterization of a PSSoS stakeholder, we measure

the number, and the density of the service configurations both PSSoS

stakeholders participate in, denoted |SCi ∩ SCj| and density(SCi ∩ SCj),

(Equation 2), respectively, with i and j the indices of the two collaborat-

ing PSSoS stakeholders.

density
(
SCi ∩ SCj

)
=

2 × E
SCi∩SCj
calls||SCi ∩ SCj

|| × (||SCi ∩ SCj
|| − 1

) (2)

Since the number and density measures are complementary

because the first pertains to the size and the second the coupling

between service configurations,59 we give a weight WBP
(i−j)

, Equation 3

to the collaboration relationships between PSSoS stakeholders i and j.

WBP
i−j =

||SCi ∩ SCj
|| + density

(
SCi ∩ SCj

)
density

(
SCi ∪ SCj

) (3)

Figure 7 shows how PSSoS stakeholder collaborations are charac-

terized.

4.2.2 The network of PSSoS stakeholder
involvement in the development

In line with section B.1, we describe a step-by-step process to trans-

form the heterogeneous network to a homogeneous network related

to the involvement of PSSoS stakeholders in the development (orange

level). In this case, we propose a two-step process: step 1) character-

izes service features and their relationships, and step 2) characterizes

PSSoS stakeholders and their relationships in the development.

The proposed process is structured in accordance with the activi-

ties of the design teams. As a matter of fact, service and system design

teams usually start by defining the service (value to the customer),

the potential collaboration between PSSoS stakeholders to achieve
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F IGURE 7 The PSSoS stakeholder business partnership network (elements).

it, and service configurations. They proceed by describing the cus-

tomer journey (through service features) and then detail functions and

functional flows to realize service features. Finally, functions are allo-

cated to systems. Hence, each step further details the development

of the concept defined in the previous one. For instance, functions

and functional flows detail how service features are developed. There-

fore, once all the steps are completed, we characterize each network

by the more detailed one. The functional network characterizes the

feature network. The characterized feature network characterizes the

involvement and interdependencies between PSSoS stakeholders in

the development.

In the following, we detail the characterization of the service fea-

ture network (step 1) that will be used to characterize the PSSoS

stakeholder network (step 2).

Step 1: Service feature network characterization

This step aims to reduce the dimensionality of the heterogeneous

network in the “orange” level (Figure 4). For this purpose, we propose

first to characterize the network of service features based on the infor-

mation pertaining to their realization contained in the service function

network (Figure 4).

We propose to characterize service features and their interactions

based upon the functional network (built upon functional flows).

Twomeasures are used to characterize the development complexity

of a service feature:

∙ the number of functions realizing it (service feature scope), noted

|Fi|,with i the service feature identifier, and
∙ the density of their interactions density(Fi), Equation 4

density (Fi) =
2 × EFifunctional flows|Fi| × (|Fi| − 1)

(4)

Where EFifunctional flows is the sum of the edges representing the

functional flows between the functions in Fi.

As for service feature relationships (expressing a sequence in the

customer journey), we analyse them through a size and two coupling

complexity measures:

∙ the number of functions realizing both service features (size)

denoted |Fi ∪ Fj|, with i and j the service feature Ids, and

∙ the functional overlap defined as the number of functions par-

ticipation in the realizations of both features denoted |Fi ∩ Fj|
(coupling)

∙ the functional interaction index (denoted FIIi−j, Equation 5) defined

as the ratio of functional interactions linking the feature scopes and

the functional interactionswithin service features scopes (coupling).

The functional interaction index is null if there are no functional

interactions among all the functions or between Fi and Fj. In case, the

only interactions occur between Fi and Fj andnotwithin Fi and Fj, the

FIIi−j is equal to 1.

FIIi−j =

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

E
Fi∪Fj
functional flows

−E
Fi
functional flows

−E
Fj
functional flows

E
Fi
functional flows

+E
Fj
functional flows

,

if
(
EFifunctional flows + E

Fj
functional flows

)
≠ 0

1, if
(
EFifunctional flows + E

Fj
functional flows

)
= 0

and
(
E
Fi∪Fj
functional flows

)
≠ 0

0, if
(
EFifunctional flows + E

Fj
functional flows

)
= 0

and
(
E
Fi∪Fj
functional flows

)
= 0

(5)

Figure 8 shows how the service feature network is characterized.

We weight the interaction between two service features i and j

based on the size and coupling measures of the functions realizing the

service features (Equation 6).

WSF
i−j = FIIi−j +

||Fi ∩ Fj||||Fi ∪ Fj|| (6)

Step 1 results in the definition of a weighted service features

network described in Figure 9.

Step 2 : PSSoS stakeholder network characterization

The objective of this research is to characterize the involvement

and interdependencies between PSSoS stakeholders in the develop-

ment. In this step, we characterize the PSSoS stakeholder network in

the development based on the Service Features characterization done

in step 1.

In the context of PSSoS development, we relate the importance

of PSSoS stakeholders to the development difficulty of the service
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FAKHFAKH ET AL. 457

F IGURE 8 Characterizing the service feature network.

F IGURE 9 Weighted service feature network (elements).

features they develop. Therefore, a PSSoS stakeholder is characterized

by:

∙ The number of service features they develop, |SFi|, with i the PSSoS
stakeholder identifier

∙ The maximum number of functions realizing these service fea-

tures noted max(F)i, which indicates their development complexity

(Equation 7).

max(F)i = maxj∈|SFi|
(||Fj||) (7)

∙ The maximum (functional interaction) density of these service fea-

tures (Figure 9), which is another indication of their complexity

(Equation 8)

max(density)i = maxj∈|SFi|
(
density

(
Fj
))

(8)

∙ Since the service feature network is weighted according to step 1

(Figure 9), we adapt the notion of network density to the weighted

network of service features the PSSoS stakeholder develops. Equa-

tion 9 (Equation 9) shows how the weighted density is measured

with ESFi the number of edges within SFi. If the PSSoS stakeholder

develops only one service feature (one node), the denominator of

Equation 9 is equal to zero. In this case, the one node network is

considered not dense and the weighted density is equal to zero.

Weighted density (SFi)

=

⎧⎪⎨⎪⎩

2×
∑

j,k∈SFi
(WSF

j−k
)(|SFi|+∑j,k∈SFi

(WSF
j−k

)−ESFi
)
×

(|SFi|+∑j,k∈SFi
(WSF

j−k
)−ESFi−1

) , if |SFi| ≠ 1

0, if |SFi| = 1

(9)

Figure 10 summarizes the characterization of a PSSoS stakeholder

in the development.

With regards to PSSoS stakeholder interactions in the development,

we consider the number of service features the PSSoS stakehold-

ers develop noted |SFi ∪ SFj| where i and j are the PSSoS stake-

holders ids, as well as the service features interaction index SFII

(Equation 10).
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458 FAKHFAKH ET AL.

F IGURE 10 Characterization of PSSoS stakeholder in the development.

SFIIi−j =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

∑
k,l∈(SFi∪SFj)W

SF
k−l

−
∑

k,l∈SFi
WSF

k−l
−
∑

k,l∈SFj
WSF

k−l∑
k,l∈SFi

WSF
k−l

+
∑

k,l∈SFj
WSF

k−l

,

if
⎛⎜⎜⎝
∑

k,l∈SFi

WSF
k−l +

∑
k,l∈SFj

WSF
k−l

⎞⎟⎟⎠ ≠ 0

1, if
⎛⎜⎜⎝
∑

k,l∈SFi

WSF
k−l +

∑
k,l∈SFj

WSF
k−l

⎞⎟⎟⎠ = 0,

and
⎛⎜⎜⎝

∑
k,l∈(SFi∪SFj)

WSF
k−l

⎞⎟⎟⎠ ≠ 0

0, if
⎛⎜⎜⎝
∑

k,l∈SFi

WSF
k−l +

∑
k,l∈SFj

WSF
k−l

⎞⎟⎟⎠ = 0

and
⎛⎜⎜⎝

∑
k,l∈(SFi∪SFj)

WSF
k−l

⎞⎟⎟⎠ = 0

(10)

Figure 11 sums up the characterization of PSSoS Stakeholder

collaborations in the development.

The measure of service features involved in the collaboration

of two stakeholders and the Service Feature interaction index

are complementary. Therefore, in a similar fashion as for the

PSSoS business partnership network (bleu level), we give a weight

WDev
(i−j)

, Equation 11 to the collaboration relationships between

PSSoS stakeholders i and j. |SF| is the total number of service

features.

WDev
i−j =

||SFi ∪ SFj|||SF| + SFIIi−j (11)

Figure 12 describes the constituent elements of the resulting PSSoS

weighted homogeneous network: the PSSoS stakeholder development

network.

To summarize, in paragraphs B.1) and B.2), we characterized PSSoS

Stakeholder importance in business partnerships and development

through different measures. These measures suggest the individual

importance of a PSSoS stakeholder by looking at the service config-

urations they participate in, and the service features they develop.

However, these measures do not consider the importance of a PSSoS

stakeholder regarding the interactions a PSSoS stakeholder has with

other PSSoS stakeholders.

In the following section IV.C, we use the measures characterizing

PSSoS collaborations in business partnerships [paragraph IV.B.1)) and

development (paragraph IV.B.2)] to quantify the importance of a PSSoS

stakeholder with regards to the interactions he/she has with other

PSSoS Stakeholders. To clearly distinguish the importance of a PSSoS

stakeholder with regards to his/her interactions from the individual

or local PSSoS stakeholder importance, we name it PSSoS stakeholder

influence.
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FAKHFAKH ET AL. 459

F IGURE 11 Characterizing the PSSoS stakeholder collaboration in the development.

F IGURE 12 The PSSoS stakeholder development network (elements).

4.3 Analysis of SoS stakeholder business
partnership influence and development influence

In the literature, different network centralitymeasures have been used

to quantify stakeholder importance or influence. To capture a PSSoS

stakeholder’s influence in business partnerships and development, we

chose to use the eigenvector centrality in both networks: theweighted

PSSoS stakeholder business partnerships network and the weighted

development PSSoS stakeholder network.

In general terms, the eigenvector centrality measures how central

a node in the network is in relation to how central all the other nodes

are. Unlike the degree centrality, the eigenvector centrality does not

only consider the node direct neighbors but rather the whole network.

The eigenvector centrality can be interpreted as the influence of the

node in the network. The influence of a node i, xi can then bewritten as

Equation 12 (λ being a constant):

Atp = 𝜆pp (12)

Matrix A is the adjacencymatrix of the network. Since the networks

we consider in this paper are undirected and weighted (the PSSoS

stakeholder business partnerships network and the PSSoS stakeholder

development network),A is a symmetricmatrix and its coordinates a(i,j)
are the weights of the edges between nodes i and j.

With regards to the PSSoS stakeholder business partnership net-

work, a high value of eigenvector centrality hints at the fact that PSSoS

stakeholders tend tohavebusiness partnershipswithPSSoS stakehold-

ers that themselves have many business partnerships. This indicates
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460 FAKHFAKH ET AL.

the importanceof aPSSoS stakeholder in theoverall business scene, for

example, the importance of a PSSoS stakeholder in the electric vehicle

related services and businesses. Such a PSSoS stakeholder tends to be

highly influential.

In the context of PSSoS development, SoS stakeholders (develop-

ment network) with high values of eigenvector centrality are highly

influential in developing the PSSoS. They develop service features and

functions that are highly related to service features and functions that

other influential PSSoS stakeholders develop.

5 CASE STUDY, RESULTS, AND ANALYSIS

5.1 PSSoS case description

To illustrate the use of the approach presented in sectionIV, an

industrial project has been considered. This study focuses on the devel-

opment of EVs charging services and V2G related services. In the

following, we consider one service, “the Plug and Charge service,”

and its related information. The “Plug & Charge service” has been

chosen because of data availability, and coherence between informa-

tion related to PSSoS business partnerships and development. This

service allows the customer to automatically start charging his/her

vehicle (i.e., without manual authentication). The service implies that

plugging the EV to the charging station allows identifying the EV

and that unplugging the EV stops the charging and generates the

payment.

Service and system design teams identified seven potential PSSoS

stakeholders collaborating to realize this service and six value chain

roles. The project teams distinguished three main service config-

urations in which the PSSoS stakeholders participate (blue level).

As for the service development (orange level), 16 service features,

and 48 service functions have been defined. Fifteen systems, includ-

ing the EV, the charging station, and various servers realize these

functions. The relationships between different elements have been

retrieved from documents and model-based systems engineering

tools.

The network of the collaboration between PSSoS Stakeholders

(grey level) is given in Figure 13 where the seven PSSoS stakeholders

are identified by their IDs going from 0 to 6.

5.2 Resulting homogeneous networks

5.2.1 Business partnership network and PSSoS
stakeholder importance in business partnerships

The value chain roles are defined as attributes of PSSoS stakeholders.

For instance, the PSSoS stakeholder 5 is an Original Equipment Manu-

facturer (OEM) that can also play anelectricmobility service operator’s

role. PSSoS stakeholder 4 is another potential electric mobility oper-

ator. Both PSSoS stakeholders 0 and 1 are charging station owners

and operators. The other PSSoS stakeholders, they mainly develop,

F IGURE 13 Network of the collaboration between plug and
charge service PSSoS stakeholders.

TABLE 1 Measures characterizing the importance of PSSoS
stakeholders in business partnerships.

PSSoS

Stakeholder ID

Number of service

configurations

Density of service

configuration

0 1 0

1 1 0

2 1 0

3 1 0

4 1 0

5 3 0

6 3 0

manage, and operate different offboard servers required to realize the

service.

Since we consider a single service (Plug and Charge), the three ser-

vice configurations are of the same “type” (Plug and Charge Service in

operation). As such, these service configurations are rather indepen-

dent and do not “call” one another. Therefore, the densities of service

configuration networks and sub-networks are null in this context.

Following the approach presented in IV.B.1), each PSSoS stake-

holder (node) is characterized by the number of service configurations

he/she participates in and by their density. As for collaborations

between PSSoS stakeholders, they are characterized by the number

of service configurations, both PSSoS stakeholders participate in and

their density. Results are presented in Tables 1 and 2.

Figure 14 is a representation of the weighted PSSoS stakeholder

business partnership network. The node size represents the num-

ber of service configurations the PSSoS stakeholders participate in,

their colour the service configurations density. The edge thickness

represents their weights.

Results show that both stakeholders 5 and 6 are important in

business partnerships as they participate in all service configurations.

The other PSSoS stakeholders are rather local players participating

each in one specific service configurations. On a broader data set,

such information gives hints on the important PSSoS stakeholder
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FAKHFAKH ET AL. 461

TABLE 2 Measures characterizing PSSoS stakeholder business
partnerships.

Collaboration between PSSoS

stakeholders
Number of

service

configurations

Density of

service

configuration
PSSoS

Stakeholder ID

PSSoS

Stakeholder ID

0 2 1 0

0 5 1 0

0 6 1 0

1 5 1 0

1 6 1 0

2 5 1 0

2 6 1 0

3 4 1 0

3 5 1 0

3 6 1 0

4 5 1 0

4 6 1 0

5 6 3 0

participating in the realization of EV related services in different

locations, for example.

5.2.2 PSSoS development relationships network
and SoS stakeholder development importance

In the PSSoS development context, our approach proposes to 1) char-

acterize the service features network, and 2) characterize the PSSoS

stakeholder network.

Basedon theServiceFeatureNetwork characteristics, our approach

defines measures to characterize the importance of PSSoS stakehold-

ers and their relationships in the development. Results are presented

in Tables 3 and 4.

According to Figure 15, PSSoS stakeholder 2 develops the largest

number of service features. This result is expected as the PSSoS stake-

holder 2 manages and operates the main offboard platform providing

all information (on, e.g., vehicles, contracts) enabling the service. How-

ever, the service features realized by PSSoS stakeholder 2 are not

as dense as those developed by PSSoS stakeholders 3, 4, and 5. As

such, a failure in a service feature developed by PSSoS stakeholders

3, 4, and 5 potentially compromises the service’s delivery. This result

is coherent with empirical evidence since PSSoS stakeholders 3, 4 are

service providers, and 5 is a car manufacturer. The maximum number

of functions and their maximum density indicate the complexity of the

features developedbyaPSSoS stakeholder. In this case, the service fea-

ture developed by PSSoS stakeholder 6 is shown to be non-complex.

This is explained by the fact that the service feature developed by

PSSoS stakeholder 6 is used for all service configurations, and mostly

because system engineers did not detail its functions.

F IGURE 14 Theweighted PSSoS stakeholder business
partnerships.

Figure 15 is a representation of the weighted PSSoS stakeholder

development network (see section IV.B). The node size represents the

number of service features the PSSoS stakeholders develops, their

colour theweighted density of the service features. The edge thickness

represents their weight.

5.3 PSSoS stakeholder influence in business
partnerships and development

In section 4, the importance of PSSoS stakeholders is quantified using

different measures. As for the influence of these PSSoS stakehold-

ers, we consider both weighted graphs (Figures 14 and 15) and use

centrality measures (taking into consideration the weights of network

edges) to quantify the influence of each PSSoS stakeholder. Results are
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462 FAKHFAKH ET AL.

TABLE 3 Measures characterizing the importance of PSSoS stakeholders in development.

PSSoS stakeholder Id

Number of

service features

Service features

weighted density

Maximumnumber

of functions

Maximum functional

density

0 2 0.0 2 1.0

1 2 0.0 2 1.0

2 11 0.17 4 1.0

3 5 0.44 8 1.0

4 2 1.0 3 0.66

5 6 0.21 7 0.3

6 1 0 2 0

TABLE 4 Measures characterizing PSSoS stakeholder
collaboration in development.

Collaboration between PSSoS

stakeholders

Service Features

Interaction Index

Number of

service

features
PSSoS

Stakeholder ID

PSSoS

Stakeholder ID

0 2 0.11 12

0 5 0.84 8

0 6 1 3

1 5 0.84 8

1 6 1 3

2 5 0.09 13

2 6 0.23 12

3 4 1.24 7

3 5 1.81 11

3 6 0.34 6

4 5 1.71 8

4 6 3.0 3

5 6 1.20 7

presented inTable5. The influence is alsomeasured for theunweighted

PSSoS stakeholder network for the sake of comparison.

Table 5 shows that both the unweighted collaboration network

and the weighted PSSoS stakeholders’ business partnership network

(Grey and Blue levels) give similar results. This is partly due to the

limited scope of the considered data. The measures do not largely

differentiate PSSoS stakeholders but rather group them: PSSoS stake-

holders 5 and 6 rank 1, PSSoS stakeholders 2, 3, 4, and 0 rank 3,

and 1 rank 7. We notice that each group’s value chain roles are sim-

ilar: 5 and 6 manufacturing industry-related value chain roles, 2, 3,

4, and service providers or servers and offboard platforms opera-

tors. PSSoS stakeholder 1 is the charging station owner. As for results

for the PSSoS stakeholder development network (Orange Level), the

influence ranks are different. This shows that both perspectives are

complementary.

F IGURE 15 Theweighted PSSoS stakeholder development
network.

6 DISCUSSION AND CONCLUSION

Most proposed (PSS and SoS) stakeholder analysis approaches are

rather qualitative. In the meantime, quantitative stakeholder analysis

approaches have been proposed by other research domains (e.g., man-

agement and design engineering) not necessarily addressing PSSoS

stakeholder. This paper addresses this gap and presents a PSSoS

stakeholder quantitative analysis approach. The analysis aimed to

quantify the importance and influence of PSSoS stakeholders in busi-

ness partnerships and development. For interpretability purposes, the

proposed approach reduces the dimensionality and builds two homo-

geneous networks of PSSoS stakeholder collaborations, reflecting the

PSSoS stakeholders’ importance and their collaborations in business

partnerships and development. The eigenvector centrality has finally

been used to measure the business partnerships and development
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FAKHFAKH ET AL. 463

TABLE 5 PSSoS stakeholders influence in business partnerships and development.

Network of PSSoS stakeholder

collaborations (Grey Level)

PSSoS stakeholder business

partnership network (Blue Level)

PSSoS stakeholder development

network (Orange Level)

PSSoS

Stakeholder Id

Eigenvector

CentralityMeasure Rank

Eigenvector

CentralityMeasure Rank

Eigenvector

CentralityMeasure Rank

0 0.33 3 0.34 3 0.21 5

1 0.25 7 0.17 7 0.19 6

2 0.33 3 0.34 3 0.17 7

3 0.33 3 0.34 3 0.37 4

4 0.33 3 0.34 3 0.49 2

5 0.50 1 0.51 1 0.52 1

6 0.50 1 0.51 1 0.49 3

influences of PSSoS stakeholders. The Plug and Charge Service has

been used to show the usability of the proposed analysis approach.

The main advantage of the presented approach is that it is specif-

ically designed to analyse PSSoS stakeholders. The proposed analysis

approach also keeps a holistic perspective on PSSoSs, including busi-

ness partnership and development perspectives. From a business

partnership perspective, it allows for a PSSoS decision-maker to iden-

tify PSSoS stakeholders engaged in several service configurations

and potentially important and influential collaborators. From a PSSoS

development perspective, the analysis approach shows the impor-

tance of each PSSoS stakeholder in the PSSoS development seen

as the functional (Service Features and Functions) complexity of the

system he/she develops. This approach also permits to identify influ-

ential PSSoS stakeholders in the development seen as those highly

relied upon in the functional realization of the PSSoS. Such infor-

mation can help a PSSoSs decision-maker in the PSSoS design by

redesigning service features and functions less dependent on what

other PSSoS stakeholders develop. From a practical perspective, the

proposedmethod allows to generate the PSSoS network and computes

the relevant indicators taking the information directly from the tools

system engineers usually use.

However, reducing dimensionality generates a loss of information.

In some cases, a loss of information might lead to flawed decisions,

which is a well-known problem in decision-making.60 Besides, differ-

ent measures can be used to characterize networks. In this study,

we mainly rely on how the automotive industry participates in mobil-

ity PSSoS development and its needs to define the dimensionality

reduction strategy and choose and interpret measures to quantify

PSSoS stakeholder importance influence. However, other examples

anddomains shouldbe consideredand studied to confirm theproposed

approach genericity.

Furthermore, the results of the proposed PSSoS stakeholder anal-

ysis approach and their interpretation depend on the model level

of granularity and the available data. The collaboration on PSSoS

development is new in the automotive industry and initial data are

being gathered. As the industry gains maturity in PSSoS development,

future work could be to enrich PSSoS related datasets and as such

improve the ability to interpret network metrics improved. There-

fore, advanced methods addressing more complex networks57 can

ultimately be considered in the context of PSSoS development.
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