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FUZZY-BASED FRAMEWORK FOR MANAGING INTER-ENTERPRISE
COLLABORATIONS IN PSS CONTEXT

Harrat, Mourad*; Belkadi, Farouk*; Bernard, Alain*
*Ecole Centrale de Nantes

ABSTRACT

One of the biggest challenges of companies developing new solutions is how to properly manage the
different relationships with external partners, especially in the case of Product-Service Systems (PSS).
Developing a PSS requires for Original Equipment Manufacturers (OEM) to rethink the organization
and roles of the different stakeholders regarding the characteristics of such environments. This paper
aims to introduce a methodology to build a framework for inter-enterprise collaboration performance
assessment and its corresponding Key Performance Indicators (KPIs). An extensive list of KPIs is
established from key factors of collaboration performance and organizational characteristics in PSS
context. Finally, further steps of the methodology are discussed where fuzzy techniques are used.
Keywords: Inter-enterprise collaboration, Product-Service Systems (PSS), Key Performance Indicators
(KPIs), Fuzzy logic.

1 INTRODUCTION

Dealing nowadays with the increasing complexity of products and services, as well as high quality
demands forces organisations to collaborate with external partners in order to share efforts, knowledge
and skills, so that every partner can focus on his core competences (Benhayoun-sadafiyine 2018; Al-
Hakim and Lu 2017). The diversity of knowledge and capabilities is more important in the case of
Product-Service Systems (PSS) offers. In this context, many authors suggest to manufacturers to request
service knowledge from foreign suppliers to build a complete solution (Ayala et al. 2017; Bastl et al.
2012; Lockett et al. 2010). To successfully achieve a PSS development project, companies need to
reconsider the different coordination routines, roles and scope of competencies regarding the business
domain diversity and geographical distribution of stakeholders (Wallin et al. 2011). Regarding this
complexity, it is necessary for the organization to follow up and evaluate the performance of the inter-
enterprise collaboration, allowing continuous improvements of their processes (Boughzala and De
Vreede 2015), and considering the organizational particularities of PSS.

Various collaboration assessment models are proposed in literature, as the example of maturity grids
(Boughzala and De Vreede 2015; Cuenca et al. 2013; Magdaleno et al. 2011), Bayesian networks and
approximate sets (Rosas and Camarinha-Matos 2008), or theory of constraints (Tenera and Rosas 2019).
In the PSS context, some works are presented such as readiness assessment of collaborative network
organizations for PSS delivery, using conceptual modelling and graph theory (Durugbo and Riedel
2013), and network uncertainty for PSS delivery using fuzzy Delphi-AHP-TOPSIS methods (Wang and
Durugbo 2013). However, the literature focusing in collaboration performance within PSS context is
still limited and does not consider all factors really influencing the collaboration process. In addition,
collaboration in PSS context is generally extended beyond the development stage, where the
collaborators during the design phase try to maintain their relationship along the use phase and bring
other suppliers since the PSS offer requests complementary efforts to operate.

This paper introduces a new framework to assess inter-enterprise collaboration performance, focusing
on the particularities of PSS. For this, we use fuzzy techniques following the process of Ayadi et al.
(2013) in his study of assessing trust level in supply chains. In the next section, after introducing the
context of our framework, we present the Key Performance Indicators (KPIs) defined as inputs of our
assessment model. These KPIs are based on key collaboration performance factors as well as
organizational characteristics of PSS business models. Further steps of the methodology are explained
in section 3. Finally, we draw a conclusion with some perspectives.
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2 KPIS DEFINED FOR BUILDING THE COLLABORATION MANAGEMENT
FRAMEWORK
In order to achieve performance goals throughout the PSS life-cycle, PSS provider should know how to

manage his collaborations. The process presented in Figure 1. covers the PSS development phase, and
also the use phase if the same partners from the project are kept.
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Figure 1. Process of managing inter-enterprise collaboration performance

Therefore, the ability of the different stakeholders to collaborate in a PSS development project has to be
measured in a pre-collaboration assessment. This will lead to the decision to start or no the collaborative
project, and a number of improvement actions should be conducted in order to remedy the lacking
competences. In further steps of the project, it is necessary to perform an assessment during and post-
collaboration, followed by a capitalization step, by using some measures that will be useful for future
pre-collaboration assessments. This process (Figl) contains basic elements that define our
collaborations' management framework, which should be generic to different business areas.

The first step of building our framework is to define our measures in the form of KPIs, which we develop
in the next sub-sections. This goal is achieved on two complementary points of view. Firstly, since the
PSS share some similarities with classical product development in terms of processes, methods and
resources, a first category of KPIs seems to be generic (section 2.1). These KPIs are identified based on
literature survey regarding collaborative processes in general. Secondly, a dedicated literature survey
analysing the key characteristics of PSS paradigm results on the identification of an additional list of
specific KPIs (section 2.2).

2.1 KPIs based on key factors of collaboration performance

Before introducing KPIs to build our assessment model, it is important to identify which factors affect
inter-enterprise this performance in an overall context. According to this, Harrat et al. (2020) presented
a literature review which addresses the context of inter-firm collaboration between organizations in a
general case, and identified a list of ten collaboration performance factors. They suggest that these
factors can be adapted to PSS context, as stakeholders of a PSS project are coming originally from
conventional business fields. As this latter study matches our framework, we select from their listed
factors four of them according to three criteria: (1) their importance in the context of our study, (2) the
number of their citations and (3) the ease of measuring them with KPIs. These factors are: trust,
commitment, communication quality and coordination. Thus, the KPI building process was based on
these factors. First, for trust factor, the proposed KPIs are: pre and post-transaction costs, collaboration
history, and knowledge protection.

Transaction costs:

Transaction Costs (TC) are strongly linked to trustworthiness according to Dyer and Chu (2003). These
authors defined two types of TC: “ex ante” and “ex post” TC. Ex ante TC are defined as “search and
contracting costs”. They include the costs generated from searching a desirable partner, negotiating and
time spent until agreeing in a contract. In a trusted relationship, negotiation process is more efficient as
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the buyer is more confident about the authenticity of information given by the partner, and the inclination
to guard against opportunistic behaviour is reduced (Dyer and Chu 2003), which will decrease Ex ante
TC. On the other hand, ex post TC refer to the costs related to monitoring the agreement and making
sure that obligations of each party are respected. Dyer and Chu (2003) found even a stronger relationship
between trust and ex post TC, compared to ex ante TC. Indeed, they argued that when trust is high, the
parties will spend less time in monitoring the agreement fulfilment or even blaming the other party for
problems. Thus, from this study we adapt our definition about KPIs concerning TC as following:

. Time spent on negociation
Pre_transaction costs =

total time of transaction

Time spent on monitoring post_transaction problems

Post_transaction costs = - ;
total time of transaction

History of collaborations:
Collaborations’ history is also an important KPI for trust. Many authors suggest that trust takes time to
be developed through long-term business relationships and after several transactions (Dyer and Chu
2010; Belkadi et al. 2016). Longer relationships make partners knowing better each other, and their
behaviour become more understandable and predictable (Dyer and Chu 2010). Extensive prior
relationship history characterized by successful transactions imply stable relations and a willingness to
continue the collaboration for new projects (Belkadi et al. 2016). Therefore, we define the following
KPI about History of collaboration:

History of collaboration
= Number of prior collaborations with the concerned partner

Knowledge protection:

Norman (2002) found that trust significantly reduces knowledge protection supports. She explained that
when a company trusts its partner, it will be less dependent to structural mechanisms used to control the
information flow and limit the knowledge, as it will rely to the goodwill of the partner who will not use
this knowledge in ways that are detrimental to them. On the other hand, an overemphasis on knowledge
protection weakens trust and significantly reduces interfirm collaboration (Jean et al. 2014). The metrics
used for knowledge protection are the percentage of information sharing, as an adaptation from Norman
(2002).

Quantity of shared information
Quantity of available information

% of information sharing =
Where information refers to: marketing plans, technical information, and strategic information.
The second factor “commitment”, is related to the KPIs: participation, schedule respect and reactivity.

Participation:

On a perspective of commitment, Westphal et al. (2007) proposed the degree of participation in meeting
or conference calls as a metric for collaboration performance. Participation refers to the active
involvement of different parties in planning, problem solving, and decision-making (Wibisono et al.
2018). Empirically, Lee and Kim (1999) found that participation was significantly related to partnership
quality, and positively associated with trust, business understanding, and commitment. We adapt this
indicator by taking into account partner’s participation in the project decisions, in order to consider
efficiency of participation, as follows:

Number of decisions involving partner

o ticipation —
% of participation Total number of taken decisions

Schedule respect:

Another metric in the perspective of commitment presented by Westphal et al. (2007) is concerning

deviations from planning. When a partner puts the project in his priorities, he will give importance to

respecting time schedules and delivery dates. In particular, parties who exchange high-quality
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knowledge and are fully committed to the project will be able to avoid delays and reworks (Yan and
Dooley 2014) . Thus, we adapt this indicator from Westphal et al. (2007) as following:

Number of deviations from planning

Schedule respect = Total number of planned actions

Reactivity:

This metric was defined by Cheriti (2011) to indicate responsiveness of suppliers to different buyer’s
requests. Reactivity of partners to different other parties’ requests is one of signs of commitment and
the importance given to the corresponding project. Accordingly, a close and strong relationship with a
supplier will enhance his responsiveness (Davis-Sramek et al. 2019). Thus, reactivity indicator is
calculated as following:

Sum of the delays of the dif ferent requests

Average response time =
4 P Total number of requests

The third factor is communication quality. Its associated KPIs are: effectiveness of meetings and

openness of communication channels.

Effectiveness of meetings:

Some indicators were proposed by Wallin et al. (2011) in order to measure both quantity and quality of
collaboration activities or connections (e.g. meetings). Because it is not enough to measure only the
quantity, we need also to explore the quality of collaboration meetings in order to know if they involve
collaboration ideation or only exchange of information (Wallin et al. 2011), which will gives us an idea
about their effectiveness. Therefore, we propose a ratio to calculate the effectiveness of meetings:

Ef fectiveness of meetings =

Number of meetings conducting to ideation or decision making
Total number of meetings

Openness of communication channels:
Limitation of communication channels is another way to protect knowledge. A less restricted
communication channels is a sign of a good level of trust (Norman 2002), and will positively impact on
knowledge sharing. Identically to knowledge protection indicator, we measure openness of
communication channels as following:

Openness of communication channels
Number of accessible communication channels

Number of existing communication channels

The fourth factor is coordination. The KPIs identified to be related to this factor are: planning adjustment
and conflict solving.

Planning adjustment:

Westphal et al. (2007) proposed “frequency of adjusting/coordinating the planning” as an indicator
related to decision synchronization in Virtual Organizations. Adjusting planning will improve
coordination between the partners in the project, by avoiding decision conflicts and task duplication. In
the event of technology issues, when collaboration partners can no longer focus on formally agreed upon
milestones, they must adjust milestones and target dates to ensure adherence to schedules (Pemartin and
Rodriguez-Escudero 2020). This KPI is defined so:

Frequency of planning adjustment = Number of planning adjustments per month

Conflict solving:

Resolving conflicts is essential for collaborative projects and has a positive impact on collaboration
quality (Dietrich et al. 2010). A high level of communication willingness will help project teams to
coordinate and resolve conflicts which in turn contribute towards the project success (Wu et al. 2017).
Thus, conflicts are solved effectively in a team level and do not need an involvement of the top
management. As an adaptation from Westphal et al. (2007), we measure the number of problems that
could not be solved but need escalation to direction.
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Number of problems needing escalation to direction

Conflict solving =
f 4 Total number of encountred problems

The proposed indicators build from the most important collaboration factors (Harrat et al. 2020) are

necessary, but not sufficient to assess inter-enterprise collaboration performance for PSS development.

Indeed, we need also to explore the PSS organizational context in order to highlight its particularities

and collaboration practices, from where we can define new KPIs to build a more extensive framework.

2.2 KPIs based on organizational practices within PSS context

The second type of KPIs concerns organizational practices and suggestions which characterize inter-
enterprise collaboration in PSS context. From a selection of 10 articles, PSS organizational practices
were proposed by authors through different terms : routines (Wallin et al. 2015), characteristics (Saccani
et al. 2014), tactics and operational practices (Reim et al. 2015)...etc. From this small literature review,
we could identify some practices and transformed them into KPIs. We present these practices under five
main themes: information and knowledge sharing, interoperability and adaptation, contract
management, whole cycle-life consideration, and customers interaction data.

Information and knowledge sharing:

According to Bastl et al. (2012), servitisation (i.e. the process to transform companies into PSS
providers) context needs higher levels of integration of the supply chain. Therefore, information
exchange should be open, bidirectional with higher frequency comparing to the context of pure products.
Accordingly, Lockett et al. (2010) suggest that the adoption of PSS business models requires a more
intensive information exchange between supply chain members, which implies the necessity to have
closer relationships. In the light of these suggestions, we propose two KPIs related to information and
knowledge sharing, which are both frequency and reciprocity of information/knowledge sharing:

Frequency of sharing = Quantity of knowledge sharing activities per month

Quantity of shared knowledge by the party
Total quantity of shared knowledge

Reciprocity of sharing =

Interoperability and adaptation:

One of the definitions of interoperability is the ability of companies to interact with each other.
Interoperability is achieved if the interaction can at least take place on three levels: data level, application
level and business process level (IDEAS 2003). In PSS context, linkages and interactions between
systems, procedures, and routines should be more formalized and closely coupled comparing to pure
products development environment (Bastl et al. 2012). These operational links which facilitate processes
and increase their effectiveness, can be implemented the form of integrated information systems that
allow parties to exchange schedules, request spare parts, or provide feedbacks on interventions (Saccani
et al. 2014). Furthermore, it is suggested that some adaptations to partners’ needs are more necessary in
the case of PSS business models, with the need of a reciprocity from partners in these adaptations (Bastl
et al. 2012), or even the creation of common processes to manage interdependencies between partners
and support interactions between them (Windahl and Lakemond 2006). According to these suggestions,
we define the following KPIs: the percentage of mutual adaptation to the mode of operation (processes,
procedures, practices...) between the partners, as well as the percentage of adequacy of the standards
used by both parties:

Number of aligned processes and practices

% of mutual adaptation =
f P Total number of processes and practices

Number of common standards

0 —
% of adequacy of standards = Total number of used standards

Contract management:

Concerning contractual mechanisms, Bastl et al. (2012) highlight that contracts in PSS context should
be more detailed in order to capture the high complexity and risk levels in servitized environments, or
otherwise to complete contracts with relational mechanisms based on trust. For example, promoting a
win/win mentality. Based on a literature review, Reim et al. (2015) presented some PSS tactics on key
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aspects of contracts: Responsibility and terms of agreements, formalization and complexity, and risk
level. These aspects are presented according to each PSS type (i.e. Product-Oriented, PO; Usage-
Oriented, UO; and Result-Oriented, RO). Contracts are more complex in the case of PSS comparing to
pure products, but it differs from one PSS type to another (Richter and Steven 2009). Indeed, Reim et
al. (2015) found complexity lower for PO, medium of UO and higher for RO. This is also the case for
risk level for PSS business models, where they are generally related to gains received by the PSS
provider, and specifically to higher efforts expected to fulfil the agreement in case of PO, adverse
customer behaviour in case of UO, and results delievery in case of RO (Reim et al. 2015). In this regard,
complexity and PSS type are introduced in our model as attributes in order to consider the project’s
context. We also introduce in a KPI for risk level which is related to partner’s commitment:

% of contractually commited risk
Amount of commited risk by the party

"~ Total amount of commited risk by all the parties

Whole life-cycle consideration:

Another important characteristic of PSS, is the necessity of organizations to consider the whole life-
cycle of the solution when developing a PSS, because development and delivery processes are extended
beyond the sale of the product (Wallin et al. 2015). It implies the necessity for firms to understand the
entire PSS life-cycle, and to be able to evaluate its related costs and risks (Lockett et al. 2010).

This can include the involvement of maintenance and after-sales services, engineering department and
marketing functions in the early stages of the development process (Lockett et al. 2010; Resta et al.
2017). It is therefore necessary to involve all supply chain partners in order to perform a complete
evaluation of the offer (Wallin et al. 2015). Lockett et al. (2010) mentioned that this perspective can
present certain difficulties. In some cases, costs of replacing parts can be lower than those of repairing
and maintenance, taking into accounts the value of raw material and the time taken to repair. Difficulties
to evaluate the life-cycle costs of the PSS and risks due to an incorrect estimation are also some obstacles
to adopt this perspective (Lockett et al. 2010). These difficulties were explored by authors who suggest
an adapted design process of the solutions throughout their life-cycle (Aurich et al. 2006), as well as
design for maintenance or for services in PSS development (Apitz et al. 2013). In the light of these
suggestions, we introduce a KPI which concern the involvement during the development phase of the
various departments present throughout the PSS life-cycle (marketing, engineering, manufacturing,
maintenance and after-sales service):

% of department involvement in early design =

Number of participations of the department in early design activities
Total number of early collaborative design activities

Customers’ interaction data:

Interactions between the provider and his customers generally increase when the firms are service
oriented (Reim et al. 2015). Indeed, customer relationship needs a higher attention in the PSS context
(Wallin et al. 2015). As mentioned by Reim et al. (2015), customer interactions differs in intensity
depending on the type of PSS. They are regular in intensity for PO and higher for UO because of the
need to ensure the usability of the PSS. The intensity of these interactions increases even more for RO
regarding the need to keep a continuous contact with the customer (Reim et al. 2015). PSS, by their
nature, provide the ability to collect customer data during its operation or use. Thus, the authors
recommend in this context the creation of a customer relationship platform accompanied by a regular
collection of customer needs (Wallin et al. 2015; Reim et al. 2015; Saccani et al. 2014; Avlonitis et al.
2013; Windahl and Lakemond 2006). The metric we introduce express the percentage of data collection
actions compared to the number of interactions.

Number of data collection action

% of data collection = - ,
Total number of customer interactions
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3 A METHODOLOGY TO BUILD A FRAMEWORK FOR COLLABORATION
PERFORMANCE ASSESSMENT AND MANAGEMENT

In order to build our framework for inter-enterprise collaboration performance assessment and
management, we use fuzzy logic techniques, regarding its capacities to counter ambiguity and
imprecision problems in calculations (Wang and Durugbo 2013), especially in solving socioeconomic
problems. In our case, we have qualitative outputs (e.g. trust, commitment...etc.) which have no
particular units of measure. Using fuzzy techniques is one solution to deal with this issue by using
linguistic terms instead of precise numerical values. The considered inputs of this model at the
fuzzification stage are our KPIs defined before. Each KPI is represented by a Membership Function
(MF). Then, the system outputs are collaboration performance factors (Figure 2).

Al

Class diagram

Inference engine

KPI

+Mathematical formula
+[nput MF
+Value

Caollab. performance factor

+Dutput MF
+Valug

Figure 2 Fuzzy logic system for collaboration performance assessment

The proposed methodology is inspired from Ayadi et al. (2013) who used fuzzy techniques to assess
trust level between partners is supply chain. To illustrate our work, we present an example of the KPI
input “Pre-transaction costs” which is related to the output “trust factor” (Figure 3).
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Transaction-vakme

Figure 3 Example of Membership Function “Pre-transaction costs”

We chose a mix of triangular and trapezoidal MF and standard thresholds for limit values of the MFs
(0%, 25%, 50%, 75% and 100%) to cover large possibilities. Three MFs are defined to describe the
value of transaction costs: Low (0, 0, 25), medium (25, 50, 75) and high (50, 75, 100, 100). The MFs
“low” and “medium” are triangular, based on suggestions of Ayadi et al. (2013) who consider this form
appropriate to represent human factors and widely used in literature. On the other hand, the MF “high”
is trapezoidal as we consider that from a percentage of negotiation time higher or equal to 75% of
transaction time, the costs are high with a fuzzy value = 1 (certain).

The next step is the creation of inference rules. For this step, the Mamdani’s fuzzy inference method is
used as it is convenient for human inputs (Sivanandam et al. 2007). Different methods can be used to
generate fuzzy rules, such as the involvement of experts by using semi-structured interviews (Ayadi et
al. 2013). In the proposed approach, we opt for using a structured questionnaire to collect experts’ points
of view. Then, the inference rules will be generated from a decision tree, created by the C4.5 learning
system, as suggested by Hall and Lande (1998). Indeed, these authors mentioned that decision tree
theory provides a well-understood mechanism for inducing classification rules from data. To do so, it is
necessary to split the continuous inputs and outputs into classes, as we did for Pre-transaction costs
(three MF: low, medium and high TC). Using data collected from an online survey, we select the KPIs
as attributes and factors (e.g. trust) as the target variable. To create fuzzy rules, we perform a depth
search in the decision tree, and each time a path reaches a leaf, a rule is created with the previous nodes
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by combining them with the “and” (Hall and Lande 1998). the following rule is formulated as an

example in figure 4:

IF Risk shared = lower (from partner) AND Planning respect = total

AND Participation = (Very High OR High OR Medium) THEN Commitment = High.

- -
- High commitment
- 62.9%, 73/116
-
- Risk shared
- lower —
- P
- High commitment /
P - 45 6%, 26/57 V4
7 fm' majo
s . | Planning respct. 7 - MAOr
P total <« or medium
V' High commitment - [ Medium commitment
/7 75.00%, 12/16 P 51.2%, 21/41
y . -
high. medium or Particpation -~ Rea ctivity
/ v.high Aot
‘ High commitment - - wHigh commitment
\ 100%, 4/4 - 667%, §/12
«~ —
— e o = . .
High or v.high ~ GS2dMy_ low or medium
High commitment High commitment
750%, 68 ! | 50,09, 2/4 !

Figure 4 Example of decision tree used for fuzzy rules generation

The rules can be directly used, or may be further tuned to increase their reliability (Hall and Lande
1998). For this goal, it is also needed to pay attention to the population responses’ number and
percentage (mentioned in each node) which match the rule. A post-pruning approach can also be
performed in order to remove irrelevant branches from the tree, in addition to the possibility for the
expert to intervene in the process of model creation in order to get a better interpretation and
understandability of the results (Rakotomalala 2005).

4 CONCLUSION AND PERSPECTIVES

The objective of this paper is twofold. First, it aims to present the proposed KPIs as necessary to assess
inter-enterprise collaboration performance in the context of PSS development. On the other hand, it
introduces the early steps of a methodology of building a framework for collaboration performance
management. Further steps after the development of the decision support system, are the confrontation
of the overall model to real case studies. Several case studies in various business areas are in progress.
One of them concerns the development of connected shoes, where deep interviews have been realized
with different experts from the involved companies to extract business rules. The ongoing step is to
present and deeply discuss the whole model. The objective of this model discussion is to perform some
adjustments of the framework regarding the suggestions coming from industrials. Interviews are being
performed about the relevance of the membership functions, KPIs, inference rules and the overall
consistency of the assessment system.
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