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Abstract. Companies are more and more seeking for external partners in order
to manage new solutions at their development and use phases, especially when the
type of these solutions is Product-Service Systems (PSS). PSS have some organi-
zational particularities which increase the complexity of collaboration processes.
In this context, collaborating efficiently with the different partners is a key aspect
to reduce the risk of failure of PSS projects, and is influenced by various organi-
zational factors and practices. This paper proposes a methodology in four steps to
build a decision-aid framework supporting collaboration assessment and manage-
ment in the presented context. Important factors and performance indicators are
identified based on literature review and industrial practices. Then, Fuzzy tech-
niques as well as decision trees are used to build the assessment systems. Three
case studies are conducted to explore industrial practices and to confront the dif-
ferent elements of the proposed framework, and finally to validate the assessment
framework.

Keywords: Collaboration · Product-Service Systems (PSS) · Assessment

1 Introduction

Product-Service Systems (PSS) can be defined as a combination of tangible products
and intangible services which jointly responds to customer’s needs [1]. Compared to
pure products, these business models have an increased complexity and require multi-
disciplinary domains and competences along its whole lifecycle [2], which can be hardly
held without the involvement of external partners. Thus, PSS contexts necessitate closer
relationships with the different stakeholders, entailing a shift from a transactional to rela-
tional orientated partnerships [3]. This is due to the organizational differences induced
by servitized environments, such as in contract management, life-cycle management,
degree of data collection from customer, etc. [2]. Consequently, collaborations become
a central aspect to manage in order to ensure the success of PSS development and use
phases. To achieve effective collaborations in PSS context, two different aspects need to
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be explored and timely operationalized: (1) the factors influencing on inter-firm collab-
oration performance, and (2) the organizational practices suggested in PSS situations.
The operationalization of these aspects can be performed by defining some relevant
Key Performance Indicators (KPIs) and enabling an assessment process. Most of exist-
ing research works which established assessment frameworks for PSS context, focused
on aspects such as design, functionalities, sustainability, customer satisfaction, mainte-
nance, etc. [4]. In difference with classical New Product Development (NPD) projects,
studies addressing collaboration performance assessment in PSS are still limited. For
example, some authors dealt with the evaluation of collaborative networks readiness
[5]. However, the literature is missing an extensive framework to assess collaboration
performance for PSS contexts. To deal with this gap, this paper introduces a methodol-
ogy for building such framework. The collaboration problem and context are clarified
in Sect. 2. Then, the methodology is explained progressively in Sect. 3. An ongoing
validation process is detailed in the conclusion.

2 Inter-firm Collaboration Within PSS Context

Before any partnership, and particularly to carry on PSS development and use phases,
a recurring problem for firms is how to choose the relevant partners and how to ensure
that these partners are able to participate in a collaborative PSS delivery. This ability
translates into a set of capabilities and competences related to PSSwhich are required for
each collaborating party. However, assessing a partner based solely on his competences
is not sufficient, because the causes of an occurring problem during the collaboration
can be beyond the control of the partner and being more related to the relationship [6]
(Fig. 1).

For example, some important criteria of success as efficient tasks coordination, an
appropriate communication frequency, well-established routines of knowledge sharing,
and an atmosphere of trust are needed to avoid risks of project failure. This requires an
assessment at each step of the collaboration process.

Consequently, an assessment during collaboration is necessary. The assessment
framework in this step is not only based on collaboration factors as mentioned above, but
also on PSS organizational practices. Indeed, PSS business models have some particu-
larities that we need to consider in this assessment process. One of these particularities
is the necessity of a whole life-cycle consideration with long-term relationships with
partners [7, 8], as the collaboration process is extended beyond the sale of the product.
This implies the necessity to involve all supply chain partners in early design, which
may includemaintenance and after sales services [2, 3]. Another particularity is that con-
tractual mechanisms of PSS show higher complexity regarding terms and agreements,
with higher risk levels which is shared throughout the life-cycle [9, 10]. The permanent
evolution of the PSS is also another characteristic of PSS, requiring closer interactions
with customers [2, 9], and higher levels of adapting common standards and processes
[10].
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Fig. 1. Assessment cycle of collaboration performance in PSS context

3 A Methodology for Building a Framework to Assess
Collaboration Performance

The proposed methodology takes place in four main steps, which are presented in the
following sub-sections. A fifth step which concerns the validation of the framework in
is explained in conclusion as a work in progress.

3.1 Identification of Factors Impacting Collaboration Performance

The first step was to identify factors leading to successful collaboration. Here, a focus
should be done on the performance of relationships between partners rather than the
particular partners’ performance only [6, 11]. Thus, we performed a literature review
from a selection of 60 articles dealing with collaboration factors, chosen according to
three criteria: (1) the addressed subject is about collaboration success factors; (2) the
addressed context is collaboration between industrial organizations; and (3) the depen-
dent variables or addressed concepts have a close meaning or similar characteristics to
“collaboration performance”. Thus, 41 factors were identified and then grouped into
main categories. After that we filtered them according to three criteria: (1) the frequency
of citation; (2) the adaptation to the context of the framework (inter-organizational col-
laboration, without including inter-personal factors); and finally (3) the significance of
the impact of these factors by checking the consistency of the different studies. The ref-
erences and more details of this literature review are mentioned by Harrat et al. (2020)
[12], and cannot be cited in this paper due to its size limitation. This review resulted on
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10 retained factors which are: trust, commitment, shared vision and values, shared lan-
guage, knowledge sharing, shared goals and interests, social network ties, coordination,
communication quality, and interdependence.

3.2 Case Studies Presentation and Validation Process

In order to validate the list of factors and to consolidate the whole framework, three case
studies were conducted by means of 5 different interviews (Table 1).

Table 1. Details of the exploratory case study conducted

Case PSS name PSS type Interview with Business area Main activity

Case A Connected
shoe

Product-oriented 1-OEM Leather and
shoes

Shoe
manufacturer

2-Consulting
Partner

Electronics IoT assistance

Case B Drilling
robot

Use-oriented 1- OEM Construction
and public
works

Public works

2-Supplier Robotics Robot provider

Case C Surgery
robot

Product-oriented Supplier Robotics Robot provider

Case A concerns the development project of a connected shoe, with the ability to
detect falls and alert the emergency services. Since the latter services are integrated, the
solution is considered as a product oriented-oriented PSS.

Case B is about the development project of a robot that ensures the drilling activity
in construction sites. This robot is intended to be rented to construction sites according
to their drilling needs. It is then considered as a use-oriented PSS.

Case C concerns the development project of a mobile robot providing support for
surgical and imagery activities in an operating theater. This robot is sold by the OEM
with assistance services, so it is considered as a product-oriented PSS.

Through semi structural interviews, the industrials were first questioned about dif-
ferent aspects, and especially the factors that are in relation with their collaboration
performance. Except case C where there were globally no collaborative issues, the other
cases present some considerable challenges.

In Case A, some trust issues were mentioned by the interviewee, between the OEM
and the electronic design partner. The latter was considering his own constraints and was
not able to adapt the solution to the OEM needs. Thus, the relationship was not balanced
as described by the interviewee, which leaded the OEM to search for new partners in the
project. On the other hand, Case B had a similar problem as Case A, as the specifications
of the OEM did not meet the standards of his robot supplier. The ground clearance of
the robot had to be high enough to be able to work in varied terrain, which was not in
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accordance with the standards of the supplier. The latter required a minimum height to
ensure the safety of the operators. The OEM ended up accepting this constraint and the
design was pursued and a final prototype was developed. At the end, the interviewee
mentioned that the prototype was finally “a failure”. This lets them to consider preparing
a new project in future with a new supplier and a different design.

During the interviews, the industrials were asked to assess the importance of the
different factors arose from our literature review. As a result of this assessment, we
performed a second filtering of the factors, by keeping the ones considered most impor-
tant according to the industrials, which are: trust, commitment, communication quality,
project coordination and shared language.

3.3 KPIs Building and Validation

After validating the list of factors, the next step is to build the corresponding KPIs, by
defining quantitativemeasures as percentages. This form ofmeasure allows us to counter
the subjectivity biases of human factors. The KPIs we define are adapted from indicators
that are already validated by the literature. For each factor, we use references from both
a PSS and a generic perspective to express the KPIs.

Table 2. KPIs adapted from authors corresponding to collaboration performance factors

Factors Corresponding KPIs References with a
generic perspective

References with a PSS
perspective

Trust Pre-transaction costs [13] Same KPIs for social
capital (e.g. trust,
commitment) are
applied in PSS
perspective, according to
Zhang (2017) [7]

Post-transaction costs [13]

History of
collaboration

[14]

Knowledge protection [15]

Commitment Participation [16, 17]

Commitment to
schedule

[18, 19]

Responsiveness [20]

Percentage of
committed risk

[10, 21]

Communication
quality

Effectiveness of
meetings

[22]

Openness of
communication
channels

[23]

Frequency of
knowledge sharing

[10, 24, 25]

(continued)
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Table 2. (continued)

Factors Corresponding KPIs References with a
generic perspective

References with a PSS
perspective

Reciprocity in
knowledge sharing

[10, 24, 25]

Percentage of customer
data collection

[2]

Project
coordination

Planning adjustment [18]

Conflict solving [18, 26]

Percentage of
involvement of use
phase departments in
early design

[2, 3]

Shared
language

Percentage of mutual
adaptations

[10, 27]

Percentage of adequacy
of standards

[10]

We argue that the KPIs adapted from references with a generic perspective can be
applied to PSS context. Indeed, the activity of the partners in a PSS development project
generally come from conventional business fields (e.g. an OEM in automotive industry
who wants to add specific services needs complementary skills) [12]. In addition, Zhang
(2017) [7] proved that the effect of social capital (i.e. trust) on operational performance
is higher in the PSS context.

On the other hand, theKPIs adapted from referenceswith a PSS perspective highlight
some organizational characteristics of PSS that need to be considered.

Yet, the suitability of the KPIs was assessed by interviewees from two previous case
studies (Case B and C). The result of this process is presented in Table 2.

3.4 Building Membership Functions Using Fuzzy Techniques

The next step of the proposed methodology is the use of fuzzy techniques for the con-
struction of the assessment system. The choice of this tool is leaded by the capacities of
fuzzy techniques to counter ambiguity and imprecision problems in calculations, and the
possibility to use linguistic terms instead of precise numerical values [28], especially in
solving socioeconomic problems. This choice is also inspired from Ayadi et al. (2013)
[28], who used fuzzy techniques to assess trust level between partners in supply chain.
Thus, we start by defining the membership functions, by considering the KPI as inputs,
and the different success factors of collaboration performance as outputs. A mix of tri-
angular and trapezoidal functions is chosen for the representation of the membership
function. This choice is leaded by the suitability of these functions to represent human
factors [28]. They are also widely used in practice [28, 29], which is explained by Barua
et al. (2014) [29] using an interval-based theory. The different values of membership
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Fig. 2. Illustrative membership functions “Effectiveness of meetings”

functions are chosen with an intuition method based on the experience of the authors
and will be validated in a further step through in-depth case studies.

We illustrate this step with the example of the input “Effectiveness of meetings”
which is one of the KPIs of the output “Communication Quality” (Fig. 2). The input
variable is represented by the following formula:

Effectiveness ofmeetings = (Number ofmeetings conducting to ideation or decision

making)/(Total number ofmeetings).

Three MFs are defined to describe the value of transaction costs: Low (0, 0, 10, 30),
medium (20, 30, 40, 75) and high (40, 80, 100, 100). In this way, all the presented KPIs
as inputs and the factors as outputs have their defined membership functions.

3.5 Inference Rules Definition

The next step of the methodology is to generate fuzzy inference rules, by using Mam-
dani’s fuzzy inference method which is considered suitable for human inputs [28]. To
improve the reliability of the assessment, the definition of these rules is performed by
a combination of two iterations, which correspond to two methods presented in the lit-
erature. In the first iteration, we conduct a survey from which we extract data by using
decision trees (C4.5 learning system). Decision trees provide a well-understood mecha-
nism for inducing classification rules from data, as suggested by Hall and Lande (1998)
[30]. Secondly, we involve experts for rules definition and adjustment, by using semi-
structured interviews, which is a widely presented method and recommended by Ayadi
et al. (2013) [28].

In the first iteration, we performed a survey through a structured questionnaire from
where we extract data by using the data mining process.

Data Collection. For the purpose of data collection, we performed an online survey
targeting peoplewho alreadyworked in amulti-partner project for product and/or service
delivery. The questionnaire was sent to 353 people from three different networks of
engineering schools. Thus, 67 responses were received, which constitutes a response
rate of 19%. Respondents were asked to consider 1 to 3 partners in their answers. Among
67, 54 respondents considered 2 partners, while 40 considered 3 partners. This results
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to a total of 161 partners considered in the responses, which increase the data size to be
used in the data mining process. Tables 3 show the composition of the sample.

Table 3. Composition of the sample

Geographical position Solution type

France 33 49% Product(s) 28 42%

Africa 12 18% Service(s) 11 16%

Europe (other) 7 10% Product
oriented
PSS

14 21%

USA 6 9% Use
oriented
PSS

3 4%

Asia/Oceania 4 6% Result
oriented
PSS

11 16%

Germany 4 6%

America
(other)

1 1%

Extraction of Inference Rules. First, from the continuous input and output variables,
classes were created to express intervals, which are necessary to build decision trees
[30]. These classes correspond to the membership functions (e.g., low, medium, high)
as shown in the third step of the methodology (Fig. 2).

Decision trees are then generated based on our survey data. The output factors (trust,
commitment, communication quality, coordination, shared language) are considered as
target variables, and their corresponding KPIs are put as attributes. After that, fuzzy
rules are extracted by performing a depth search in the decision tree. The created rules
correspond to each time a path reaches a leaf [30, 31]. This process is illustrated by the
following example in the decision tree generated for trust factor.

Based on the selected path from the C4.5 in Fig. 3, we formulate the following rule:
IF Restriction of Marketing plans = severe AND History of Collaboration = 1 year
AND Pre-transaction costs = (medium OR high OR very high) AND Restriction of
technical information = (partial OR severe) THEN trust =Medium.

The percentages shown in the figure represent the population responses’whichmatch
the rule, and should be considered to improve reliability of the rules.

In the second iteration, the ongoing work is to conduct semi-structured interviews
with experts from industry to adjust the inference rules. The results allow the generation
of rules describing the relation between the KPIs and the factors in a first time, and
between the factors and collaboration performance in a second time.
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Fig. 3. Example of decision tree used for fuzzy rules generation

4 Conclusion and Perspectives

This paper proposes a methodology in four steps to build an assessment model for
supporting inter-firm collaborations in PSS development and use phases. After ensuring
the ability of partners to collaborate, the contribution of this framework is to assess the
inter-firm relationships during the collaborations for PSSdevelopment anduse phases. To
do so, we first defined measures based on literature, and performed three case studies to
validate them while analyzing industrial practices in terms of managing collaborations.
The assessment system is built using fuzzy logic techniques. Furthermore, inference
rules are created using decision trees by collecting data from a survey. The final step
is the validation of the introduced framework through in-depth case studies. Indeed,
the assessment model is currently being tested with industrials in order to make some
adjustments. They are asked to enter values of the inputs to get the output value which is
the performance of their collaboration in their PSS project. This assessment will finally
allow the capitalization from their collaborations and the estimation of performance for
future collaborations. This approach should help industrials to decide which strategy
and improvement actions should be executed in order to collaborate effectively and to
ensure the success of PSS delivery.
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