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Abstract

Purpose — The paper proposes an innovative systemic method helping decision-makers to control
servitization transition process, through decision process risk diagnosis.

Design/methodology/approach — The proposed method is based on the modeling of decision processes and
risk identification and analysis. This method was based on an action-research approach, in close relationship
with two companies (SMEs). The paper develops the feasibility experiment at Automelec company.
Findings — The method was successfully implemented and delivered concrete diagnosis results.

Research limitations/implications — The generalization of the applicability of the method needs to be
tested on several different cases.

Practical implications — The first practical implication is related to the efficiency of the method to help
decision-makers in a servitization context to limit uncertainty and get a global view of the weaknesses of their
decision-making process, it raises their awareness about servitization transition for their companies.
Furthermore, the method also helps to explain the strategy of a servitization transition. It enhances the level of
maturity of the decision process of the company, and can be used as a training/learning tool for managers.
Social implications — The results brought by the research contribute to give the decision-making boards for
organization living a servitization transition and especially SMEs a better control over the servitization
decision process and related risks, which will increase the economic stability of the company and its vision over
long, medium and short horizons. This will bring positive impact on the overall economic and social
environment and networks of the servitized SME, and enhance the confidence of coworkers, subcontractors
and clients.

Originality/value — The first originality of the paper is related to the new way of considering risk, not only as
an analysis criterion but as the central driver in steering a strategic transition for the company, such as
servitization. The second originality of the study is about assessing risk occurrence over a decision-making
process through decision reliability and decision confidence.

Keywords Decision making process, Servitization, Risk occurrence
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1. Introduction

In a business world marked by customization-oriented competitiveness, servitization is
currently spreading throughout all levels of the industrial economy as an organizational
capability and process to better create mutual value through a shift from selling products to
selling Product Service Systems (PSS) (Bustinza et al., 2015; Baines et al., 2007; Lightfoot et al.,
2013). Servitization, PSS concepts and experiments have spread during the last decades in
academic and practitioner communities (Hou and Neely, 2013), with a recent renewed interest
through the development of smart PSS and digital servitization (Oluwafemi and Laseinde,
2020; Wang et al., 2018). In many advanced economies, servitization is considered as a
development approach able to provide opportunities to achieve sustainability, improve
enterprise competitiveness, and better satisfy customer needs (Doualle ef al, 2020,
Vandermerwe and Rada, 1988). Nevertheless, this paradigm shift requires questioning the
business objectives and overall functioning of companies. PSS are not based only on technical
aspects; organizational aspects are also strongly involved, which makes the implementation
in industrial businesses complex (Cook et al., 2006; Rabetino et al, 2017). Clearly, transition
from product manufacturer to service provider constitutes a risky managerial challenge
(Oliva and Kallemberg, 2003; Nudurupati et al, 2016; Rabetino et al, 2017). It involves the
company in a dynamic and complex decision-making process due to the high level of
uncertainty related to value proposition (Murillo-Coba et al.,, 2019), customer targeting and
satisfaction, and paradigm shifts for employees, marketers or sales.

Thus, scientific advances over the past years have emphasized and formalized
servitization, or more recently digital servitization, as a transition process both at strategic
and organizational levels. However, a literature gap remains on two complementary issues
which could lead to deeper advances on advanced methodologies for transition management.
First, the complexity of the numerous and interactive decisional situations and processes
embedded in the transition is poorly analyzed from a scientific point of view (Weeks and
Benade, 2015; Ricciardi et al, 2016; Kowalkowski et al., 2012; Crowley et al, 2018). The
existing literature lacks dedicated in-depth decision support models able to represent the
complexity of the system and to help strategic transition planning (Lenka ef al, 2018; Coba
et al., 2019; Rabetino et al, 2017; Burton et al., 2016; Lightfoot et al., 2013; Raddats et al., 2019).
Second, even if the transition is clearly associated to important managerial risks, a well-
formalized and structured method to address risk management throughout the whole
servitization process is still missing. It remains necessary to provide decision-makers with
methods and tools to anticipate decisional strategic and operational risks merging all along
the full transition process, to evaluate them at distinct decision levels, then to compare
alternative strategies of risk mitigation. Even though the literature largely advocates the
transition towards services, many firms struggle to achieve the suggested benefits
(Vladimirova, 2012; Rabetino et al, 2017; Raddats et al, 2019; Lenka et al, 2018; Alonso-
Rasgado et al, 2004; Boughnim and Yannou, 2005; Meier ef al, 2011; Shimomura and
Akasaka, 2013; Seiringer, 2013; Boucher and Medini, 2016; Zhang et al., 2019). The need for
well-structured methods to help companies managing the strategic transition is becoming
capital, and the literature lacks generic approaches able to absorb the complexity of the
process and to be directly deployable by practitioners. Focusing on the dual dimensions (1)
“decision situations and processes” and (2) “risk management” should provide important
insights for industrial decision-makers in charge of implementing servitization strategies.
Therefore, in this paper we address the research question, “How to integrate risk in
servitization decision-making process for an industrial company?”

We aim to discuss an innovative approach to consider risks in servitization processes. The
main purpose is to provide a method helping decision-makers in controlling servitization
transition process, through decision risk diagnosis. The approach considers servitization
through the complex decision-making process required to manage the business model



transition. The paper proposes a systemic diagnosis method to help managers’
understanding of which decisions carry a high risk of failure which would result in a
significant potential loss of performance for the company and how it would be possible to
reduce the risk level. This contribution builds a formal way to model and diagnose
servitization decision-making processes, within a manufacturing company. This diagnosis is
expected to increase awareness of decision-makers on servitization decisional weaknesses, in
order to make possible adequate remediation measures.

This paper contains five main parts: the first one gives an overview about literature on
servitization in relation to risk management; the second part explains our methodological
positioning; in the third part we define the conceptual framework we propose and the
different estimators of risk; the fourth presents the illustration and feasibility validation of the
method through a case study of a French enterprise; and in the fifth part we discuss
the results.

2. Literature
The paper addresses two main limits of the current literature on the management of
servitization, which are further analyzed in the following state of the art:

(1) The factors of complexity for the management of servitization transformation
processes. The question is to understand what is the available scientific background
on this issue and what are the main weaknesses to support consistently managerial
decisions, all along the transition process;

(2) The scientific advances on risk management approaches, able to address the
specificity and complexity of servitization decision-making situations.

2.1 Servitization: a complex transformation for the manufacturing firm
To survive in developed economies it is widely assumed that manufacturing firms can rarely
remain pure manufacturing firms (Neely, 2007). Servitization represents then a possible
alternative to enlarge the core business of industrial firms by shifting from a pure product
supplier to PSS supplier (Burton et al, 2016). Nevertheless, servitization brings about a systemic
transformation of the strategic pillars of the company, marked by a high level of uncertainty.
It is a complex transition for the industrial firm. It requires a complex transformation
process (Vladimirova, 2012; Burton ef al, 2016; Raddats et al, 2019; Lenka et al, 2018).
Scientific literature underlines three sets of strategic factors which encourage
manufacturing companies to adopt a servitization strategy: financial, strategic and marketing
factors (Oliva and Kallenberg, 2003; Gebauer and Friedli, 2005; Baines et al., 2009; Gebauer et al,
2010). The complex transformation from product supplier to service supplier leads managers
to rethink the enterprise strategy (Classen and Friedli, 2019), internal processes and capacities
as well as its external networks (Zambetti ef al, 2019). The maturity of the company on these
different decision problems can be different; this will influence the perception of the
uncertainties related to each dimension: strategy, capacities and processes, and networks.
Services require a change in organizational principles, structures and processes for the
manufacturer. Adopting a servitization strategy also brings important cultural and
managerial challenges (Oliva and Kallenberg, 2003; Slack, 2005; Baines et al, 2009). In
manufacturing industries, employee sense-making regarding the concept of servitization and
how they react to servitization may be bounded by the constraints of a product-centric
manufacturing heritage, despite the stated strategic direction being focused on the end state
of servitization (Crowley et al., 2018). In the process of servitization, internal managerial
tensions (Burton et al,, 2016) may result in a firm’s stated servitization intent being at odds
with the intent of many individuals within the organization who want to maintain the



product-based business model (Crowley et al, 2018). Alignment between the strategy and
organization changes is essential in the shift to a service-led business model (Kowalkowski
et al., 2015). Coherence of intentionality among the individuals in an organization has been
identified as a success factor for entrepreneurial organizations, without which there is
“inefficient communication, inconsistent decisions, and counterproductive conflict, thereby
contributing to the vulnerability of the venture” (Bird, 2015). Even if servitization transition is
considered as a chance to improve competitiveness, its systemic complexity remains
problematic and makes it difficult to be adopted and integrated to existing offerings (Story
et al., 2015; Weeks and Benade, 2015). According to Neely (2007) how manufacturing firms
servitize and what servitization involves as a process, remain fundamental questions.

To help understand the complexity of the servitization system, literature has analyzed the
possible ways to decompose it, to represent it through a transition continuum (Oliva and
Kallemberg, 2003), through transforming paths or trajectories (Peillon et al, 2015) or through
decision-making processes (Dahmani et al, 2016; Crowley et al, 2018). To understand
servitization, Story et al (2015) predict that in reality, taking a single firm-level view may not
be sufficient; there is a need for the development of contextual specific understanding of how
firms approach their “servitization journey” (Story et al., 2015). They deduce that servitization
transition can be considered more as an education, in which firms progressively develop new
capabilities and retain product-related capabilities. Similarly, individuals also learn new
skills and knowledge while maintaining their previous learnt capabilities. Firms should focus
efforts on building understanding in a number of key areas, as part of determining how their
journey would be: the transition requires taking complex decisions on the specificities of
servitization for each company business model (Kowalkowski et al, 2012; Crowley et al,
2018). In this perspective, Oliva and Kallenberg (2003) propose an interesting way to explain
servitization transition for manufacturers. They define a continuum from pure product
offering to pure services, the enterprise can then identify its positioning according to this
generic continuum. Various classifications or configurations of PSS are then proposed
(Behrend et al, 2003; Tukker, 2004). Johansson and Olhager (2006) propose a complementary
framework to help analyzing the relevance and consistency of alternative product service
strategies. Crowley has introduced the notion of strategic intent for servitization processes
(Crowley et al., 2018).

Literature on servitization converges to conclude that servitization brings “complex
decision-making situations” for the industrial company (Dahmani ef @/, 2016; Crowley et al.,
2018; Kowalkowski ef al., 2012). Ensuring the systemic long coherence and balance among all
the decisions is not simple to achieve. Literature revealed a lack of structured, reusable
approaches to explain, model and rationally manage this complex decision-making process.

One of the particularities of servitization studies is the scarcity of completed experiments.
In fact, the high innovation level necessary and the scarcity of full reports on complete
deployments of this transition in real business cases do not allow the building of data bases
by which we could carry out reliable statistical studies. In addition, there is the innovative
transition process and the particularity of each specific strategic path. This remains a rather
new strategic approach where industrial actors and researchers discuss to derive generalized
guidelines or at least possible or practical ones.

This research includes a definition and model of servitization decision-making processes,
built to facilitate risk analysis during the transition project. The notion of risk is introduced in
the next section, before developing the formalization of this servitization decision-making
process in Section 3.

2.2 Risk in servitization
Literature studying risk management in servitization transition is very limited. Literature
about servitization has treated the concept of risk indirectly through barriers and



opportunities analysis (Mont, 2004). Servitization barriers are considered as mainly related to
value creation challenges and possible scenarios for the business model (Baines et al., 2009).
Risk related to service has been treated in literature; it mainly refers to coordinating issues
between business ability and market expectations on one hand and organizational strategy,
design and development on the other hand (Sawhney et al., 2004). Service types can also affect
considerably servitization performance (Benedettini et al, 2013). Studies oriented towards
risk assessment for service innovations attempt to quantify risk occurrence probability and
extent of losses in risk matrices, in order to propose risk management plans (Schmitt
et al., 2013).

We can conclude that risk management approaches and systems don’t represent a focal
positioning for servitization literature. However, the concept of risk management is central to
practitioners, especially for companies trying to make the servitization transition.

We consider then the importance to define basics for risk management; for this we referred
to a general literature on risk modeling and risk management.

In risk analysis modeling, it is important to differentiate risk factors from risk impacts.
According to Gourc (2006) (Figure 1), every risky situation is due to a combination of causes
(origins) brought together in an occurrence area, and generates a set of impacts (effects)
brought together in an impact area. The risk event represents the intersection between both
of the distinct areas (Figure 1). We adapt the Gourc (2006) model to define risk in servitization
decision-making processes. Risk in servitization decision processes represents the possibility
for a decision-maker to commit a decision failure which can be represented through an
inadequate decision choice, the occurrence of which can lead to negative consequences for
conducting the process (consequences in Figure 1) as well as for the planned objectives of
value creation (effect or impacts in Figure 1).

For the implementation of servitization strategy in industrial firms, we consider the
existence of three types of 7isk factors:

(1) Risk Factors, which are internal to the company and to the servitization decision-
making process and concern the decisions involved in the servitization decision
process,

(2) Risk Factors which are internal to the company but external to the servitization
decision-making process. They are related to the initial situation of the company, its
fragility, existing networks, level of maturity.

ﬁfect/impact domain \

Risk Impact
Value creation objectives
for servitization

|

Orig?nal situation Risk event Concequences
Risk factors Decision failure / Progress of the process

A

[

Occurrence domain

Figure 1.
Definition of risk in
servitization process
(adapted from
Gourc, 2006)




(3) Risk factors which are external to the company and external to the servitization
decision-making process: they are related to the company’s external environment,
and refer to the enterprise environmental factors (PMBok).

Internal risk factors can be identified by diagnosis approaches and included in the company’s
control perimeter. External risk factors are related to the company’s external environment.
They cannot be controlled by the company which most of the time can only deal with them.

Differentiating the 7isk impacts from the risk consequences allows to distinguish between
the consequences on accomplishing the servitization process itself: for example, how failed
decisions can spread and become risk factors for other decisions; and the impacts related to
achieve value creation objectives thought servitization transition.

Considering our purpose to provide an approach to control servitization decision-making
processes, we focus specifically on analyzing the occurrence area, and more precisely internal
7isk factors to the company and to the servitization decision-making process. This enables us
to take into account mainly the aspects that can be controlled by decision-makers. We
consider risk occurrence as the result of a systemic association of a set of factors.

This is based on the decomposition of the reference decision process we define (cf. 3.1). We
consider that working on the quality of the decision process allows ultimately improving the
quality of decision choices.

The risk event is represented through decision failure that consists in making inadequate
decision choices and affects many decisions of servitization processes. It may be due to
insufficient information or inadequate earlier decision choices.

The realization of decision failure may result in negative effects on achieving the strategic
value creation objectives that were intended by the enterprise managers.

Using these basic definitions, and based on the reference model of servitization decision-
making processes (cf. Section 3) we define a global approach for decision process risk
diagnosis for servitization developed in Section 4. The research methodology approach we
adopted is introduced in the next section.

3. Research strategy and methodological approach
The aim of this study is to provide decision-makers with a reliable and operational decision
support to steer the servitization process by relying on an integrated risk diagnosis approach.

Our methodological approach is notably based on the importance of cooperation between
researchers and practitioners in the construction of research problems and their resolution.
Our aim is to produce through this research a useful approach for practitioners able to
improve the level of awareness and control of the servitization transition and the overall
success of the servitization project.

We have identified two levels of the methodology we adopt: a first strategic level
developed in this section aims to explain how we have created the diagnosis method and the
different associated tools/estimators; the second level (detailed in Section 5.2) aims to detail
the operational research methodology we have used to make the feasibility experiment of the
diagnosis method we created.

Cooperation between researchers and practitioners has always been controversial. In
order to overcome the gap, Van-de-Ven (2007) proposed the position of engaging scholarship
to bring together researchers and practitioners through a pluralistic and collective vision of
research with the aim of creating research rooted in theory and significant for practitioners.
Other approaches are also part of this vision, such as action research which requires, in the
construction of the research, the involvement of the researcher as well as the actors involved
in the experimentation (Barbier, 1996). As our work focuses on the decision-making
dimension, we position this research in the pluralistic perspective that affirms the importance



of collaboration between academics and practitioners in the design and implementation of
research.

The research strategy we adopt implies a strong participation of the researcher in the life
of the company. This research can thus be considered as an action-research (Lewin, 1951),
because of the important involvement of the researcher (who can influence certain decision-
making processes of the company’s decision-makers), but also the important correlation
between theory and practice for the construction of the various tools (reference decision
model and evaluation estimators). This study is part of a French ANR multidisciplinary
research project called Servinnov (Sustainable Innovation through Service). Servinnov
brings together different actors from the academic field, who, according to their work and
contributions, are considered as experts in the field of servitization for industrial enterprises.
The project involved practitioners from industrial fields as well as managers of industrial
enterprises or consultants in permanent relations with companies. We defined the research
method to take advantage of the Servinnov context and capture the maximum of richness
from the consortium (both academic and industrial fields) to help improving decision-making
processes.

This methodological approach includes three different stages (Figure 2) corresponding to
complementary objectives and expected results:

(1) A first stage of research consists in building the conceptual framework based on
literature about servitization, decision theory, decision system modeling and risk
management. Two key elements of the framework were defined: (1) a generic model of
the decision-making process associated to servitization, called the Reference Model
(this has been detailed in a Dahmani et al, 2016, and we propose a synthetic
description in Section 3.1) and (2) a set of decision process estimators useful to later
define risks. In this stage the literature provided the initial inputs to identify the
conceptual bases and uses of the method, as well as the theoretical objectives that will
be useful to our approach. Then a rigorous formalization of the models was
developed, using dedicated modeling approaches (cf. Section 3.1 and 4.1). The

Servinnov Consortium

Stage 1 Stage 2

i Building the conceptual Testing: first

i|  framework based on application

! literature and experiment on
i collaboration with Ecobel company

Tools 2:
Estimator tools for :

- Decision reliability
- Decision confidence
- Risk potential
occurrence

Tools 1:
The Reference model
for servitization
decision making
process

Stage 3

Feasibility validation:
Implementing the method on
Automelec company through a
case study

Figure 2.
Methodological
approach




reference model and the risk indicators were then discussed through focus groups
with experts in the ServInnov consortium. At this stage, a first validation was made of
the Reference Model for servitization decision-making processes and associated
estimators. The models were confronted with the opinions of external experts
(scientists and industrialists present in the ServInnov network), in order to adapt the
proposal to the different points of view, and to make improvements. For this, we
organized four validation focus groups of three hours each, covering various
complementary validation themes. The contents of these scientific meetings have
been recorded and transcribed.

(2) A second stage of the research methodology consists in a first testing of the feasibility
experiment. It has the objective to test the model on a first simple case, and to give
valuable feedbacks for improvements. This was made on a small French company
case named Ecobel. The case experiment has helped to give a first validation for the
method and to give helpful insights to improve the model and especially to improve
the operational aspects for data collecting, and further on how to limit the bias in
interpreting decision-makers’ explanations of their strategy. This first experiment
allowed also to adapt some vocabulary used in the reference model. The data
collecting for Ecobel was made through four semi-conducted interviews of two hours
each. The result of the analysis were discussed with the leader of Ecobel. Feedbacks
from this experiment have helped to improve the method. We can consider that this
first case study has contributed to the creation of the method.

(3) A third stage is about implementing the method on a second real case to finally
validate its feasibility. The reference model and indicators are instantiated according
to a real medium sized company. Case studies are appropriate tools for exploring
subjects that are difficult to replicate (Eisenhardt and Graebner, 2007; Siggelkow,
2007). This third stage of the methodology is based on a case study logic (Gombault,
2005; David, 2003). This step is fundamental to give a final validation for the method
developed and to understand the valuable results it can bring. Data collecting was
made through semi directed interviews and as well as informal meetings. We develop
later in Section 5.2 the details about the operational methodology for data collection
and analysis process. The second case can be considered as a validation step for the
method (cf. 5.2).

4. Servitization: a decision-making process
The following sections develop a formalism to identify and characterize the servitization
decision-making process to make the link with risk analysis.

Decision-making processes can be understood in the larger context of decision systems. A
“decision-process” is constituted by sets of decision rules, procedures structured throughout
more or less structured “decision-activities.” Decision processes contribute to maintain a
consistent level of performance of an operational system, or to manage its efficiency
improvement when necessary. Decisions are related to a multitude of parameters, describing
the organization of the system and its relationship with the environment (Gourc, 2006). We
consider the servitization decision-making process as a set of decision parameters, activities
and processes, structured within several complementary decisional domains, as we have
underlined. Each of these domains embeds several decision sub-processes, which still have to
be clearly identified and described through a specific modelling formalism.

On the basis of a bibliographic analysis (Oliva and Kallenberg 2003; Baines et al., 2009,
Gebauer and Kowalkowski, 2012; Bustinza et al, 2015; Baines et al., 2007; Lightfoot et al.,, 2013;
Cook et al, 2006; Rabetino et al., 2017) and experience feedbacks from different leaders of



industrial companies moving through a servitization transition, the authors propose to
decompose the global servitization process into three decisional domains, covering
complementary dimensions and natures of the decisions to be taken. These three domains
(later formalized as Macro-Processes, MP) cover the following issues: (1) the PSS technical
design; (2) the PSS business model transformation; and (3) the organizational changes,
required to support the PSS implementation. Decision-makers are confronted with the
systemic nature of these decisional domains, their complex interactions and dynamic
evolution over time. The full justification of this structure into three domains can be found in
previous publications (Dahmani et al., 2013; Dahmani ef al,, 2016). They are developed in the
next section.

4.1 Decision making-process for servitization: proposition of a reference model

For a general understanding of further developments on risk analysis, the authors synthesize,
in this section, the approach they have defined to model servitization decision-making
process. This approach re-uses formalisms from the field of decision-system modelling
(Doumeingts et al., 1992; 2000; Vernadat, 2002; Chen et al, 2008) and has been specified in
detail in Dahmani et /. (2016). This modelling approach is first based on two decomposition
axes: vertical and horizontal (Figure 3):

(1) The vertical axis is related to the temporality of decisions. Strategic, Tactical and
Operational decision levels are considered,;

(2) The horizontal axis relates to the decomposition of the various dimensions/natures of
the decisions involved. These various dimensions are called Macro-Processes (MP).
The approach considers the three decision domains previously mentioned as MP:
MP1-PSS technical design; MP2-PSS business model transformation; MP3-
Organizational changes.

Complementary to these two decomposition axes, two additional concepts are necessary to
understand the modelling approach: the notions of (1) Critical Decision Processes (CDP) that
represents a sub-component of a MP and comprises decisions made on a specific time

Macro processes
MP1 MP2 MP3
PSS technical design | PSS Business model | Organizational changes
transformation | required to support PSS
implementation Critical Decision
H1. PS1. Define PSS value creation drivers Process: CDP
Strategic PS2. Define the value proposition
PS3. Define busine
H2. PT1. Delineatethe || PT2. Define the value |, PP3Plan organizational
Time Tactical 1 PSS structure architecture changes
horizons | H3. PT4. Define the PSS | PTS. Select the profit || ~PT6. Establish level of
Tactical 2 infrastructure equation a_ctivity
H4. PO1. Plan production | PO2. Deploy the P03, establish an
Operational |  and characterize business model organization of work Detailed CDP:
customer interface Decision Activity

Figure 3.

Reference model for
Servitization decision
making process




Table 1.
Fundamental
definitions for
servitization decision
reference model
(Dahmani ef al., 2016)

Macro-process (MP) An MP corresponds to a functional decisional domain, and embeds a coherent set
of decisions related to the company’s overall goals, and functional domain

Critical Decision Process A CDP is a sub-component of a MP and comprises decisions made on a specific

(CDP) time horizon (strategic, tactical 1 or tactical 2 or operational). It embeds a set of
decision-making activities, and its outputs are likely to have a significant impact
on the overall transition process considered

Decision Activity (DA) A DA represents a basic/elementary decision. In the servitization decision-making
process DA represents the finest decomposition level of the system. Any DA
transforms incoming data elements (inputs), into one or more outputs consisting in
new pieces of information, then available for other decision processes. According
to GRAI formalism used, every DA is modeled by the decision-making
characteristics Ci. DA are divided into two categories: DA-D and DA-E. Decision-
making activity (DA-D) is represented by seven Ci (input, output detailed;
nformation; constraints decision variables (VD), and purpose) and an Execution
decision activity (DA-E) characterized through five elements (nput, output
detailed; information; means; actors). Each characteristic can be decomposed intoa

set of attributes A7
C1 input Ci : characteristics ERforiations ﬁ%
Ai: attributes A3
A%
o [ & T2 e
R B ] :
—A— S Input N Toexecute Activity executed
3 C—— A1
P —— v — AT
4 Ressources S = [ — /1 S—]

AT constraints
: = (owy Cctors
Al

. e means
Ci : characteristics
2 Result: I:%é:‘ Ai : attributes
Decision

Execution activity (E-DA)

Decision-making activity (D-DA)

horizon (strategic, tactical 1 or tactical 2 or operational). It embeds a set of Decision-Making
Activities; then (2) Decision Activity (DA) that represents a basic/elementary decision. Both
this notions go into lower granularity levels in the model of MP (detailed definitions are in
Table 1).

Based on these concepts, two key modeling components are proposed. The first
component provides decision-makers with an overall vision of the whole servitization
decision-making process: this is the servitization decision-making grid illustrated in Figure 3.
Then, the second component is a more detailed process model, where each Critical Decision
Process (CDP) can be further described into a so-called network.

As detailed in Dahmani et al. (2016), this modelling approach has been applied to build a
full generic model covering the entire servitization decision-making process. The full model is
composed of 3 MP, 12 CDP and 47 DA (Figure 3). The genericity of the model makes possible
its re-usability for different industrial contexts, while the detailed network of DA for each
CDP can be adapted to the specific contextual factors. This generic model is called in the rest
of the paper the “Reference Model” for servitization decision-making process. This Reference
Model, adapted to any specific company, is the basis for later risk-oriented diagnosis.

4.2 Coupling servitization decision-making process and visk management
Risk analysis in servitization is treated in literature mainly through descriptive approaches
and there is no analytical method able to help decision-makers understand how risks could be



positioned in a servitization transition process. Literature focuses on defining external risks
related to the environment of the company, more than the internal decision processes, as they
are executed by the company’s decision-makers. The challenge considered below is the need
for an analytical method able to help steering servitization transition through risk analysis
and management. We propose then in Figure 4 the overall conceptual framework to build our
proposal. We specify also the specific scope of this research limited to the diagnosis part of the
framework.

This conceptual framework considers that servitization risks are closely linked to the
quality of the decision-making activities applied during the whole transition process.
Improving the way to specify and deploy the decisional situations offers a pertinent path to
improve the quality of the resulting servitization decisions, thus a path to reduce the risks of
servitization failure.

Thus, at a methodological level (Figure 4), the first need is to make a structured analysis of
decision-making activities and processes. The pragmatic goal of this analysis consists in
identifying so-called “Risk factors” which can affect decision situations and, at the tool level,
the approach is based on the use of formalized model of servitization decision process,
specifically developed for this purpose.

The second methodological step consists in characterizing the whole set of decision
situations and processes throughout the entire servitization process by indicators of risk
occurrence and impacts. The output consists in diagnosing which decision activities or
processes are submitted to high risks (so called “risky decision situation”). At the tool level,
measures and indicators of risks occurrence and impacts are proposed and further discussed in
the paper (cf. Section 4).

Then, the third methodological step consists in defining and implementing action plans
for risk mitigation, with the objective to reduce so-called “Potential servitization failures”. At
the tool level the approach includes a procedure to build remediation plans. This third
methodological level (risk mitigation) is beyond the scope of the paper, and planned for
ulterior publications.

Based on this conceptual framework the following sections formalize a risk oriented-
diagnosis for the servitization process.

5. Risk characterization: potential occurrence of risks
To assess the possibility of occurrence of a risky decision situation in servitization decision
process, we propose to evaluate the occurrence of decision-making risks through two
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perspectives. The first one relates to the degree of rationality of decision processes: this can be
evaluated with objectivity, by measuring discrepancies between the effective way to take
decisions and the Reference Model for servitization decision-making, introduced in Section 3.1.
In the following sections, this first evaluation is formalized via the estimator of “Procedural
Reliability.” The second evaluation perspective represents a subjective point of view related to
the confidence of decision-makers concerning the outputs of the decisions. This evaluation is
implemented by the definition and assessment of an estimator of “Decision Confidence Level,”
according to decision-makers’ opinions. We propose to evaluate the potential occurrence of
risks via a simultaneous use of both indicators.

5.1 Decision procedural reliability and decision confidence: conceptual positioning
(1) Decision procedural reliability

Conceptually, the quality of a decision is partially related to the quality of information used to
build it (Chengalur-Smith et al., 1999; Mouzhi and Helfert, 2007). Therefore, in the context of
servitization, we consider the origins of decision risks mainly embedded in the approach used
to take decisions, thus decision-making activities and processes. A decision made according
to deficient or inadequate decision-making process carry potential failures, which can
reinforce the occurrence of decision risks. We consider that the potential occurrence of
decision risks is higher when the quality of the decision-making process implemented by a
company is low. Then, comes the question, “How to be able to assess the quality of decision-
making processes?”

At the same time, in a servitization transition context, the decision-maker’s position is
often influenced by a lack of useful internal and external information. Consequently, it is
impossible to foresee all possible decision options and to evaluate the different utility levels to
make an optimal choice (Savage, 1954). We opt for a positioning consistent with a
servitization decision process: our purpose is to give more importance to the decision-making
process than decision choices. Procedural rationality founded in 1979 by H. Simon (Vidaillet
et al., 2005) is consistent with our purpose of analysis and diagnosis for servitization decision-
making process. According to this approach, a decision is considered as a solution to a given
problem; it is thus assessed on the reasoning adopted in the problem resolution.

We consider then the procedural reliability to assess the reliability of the decisions made in
the servitization process.

(2) Decision confidence

A decision-making process is a human cognitive process influenced by intuition and the
unconscious creativity of the decision-maker (Helfer et a/., 2013). Any innovative change in an
enterprise strategy involves an internal reflection related to the decision-maker’s personal
experience and beliefs; this is particularly true for SME. In the context of analysis and
diagnosis for servitization process, analyzing the procedural rationality of decision-makers
can characterize and evaluate the reliability of the decision, but this does not include the
subjective judgment. Human judgment in decision choices is not necessarily consistent with
the pre-established procedural rationality and depends on the complex cognitive processes of
a decision-maker, his intuition and his convictions.

The decision-maker recognizes the limits of his capabilities, and can make decisions that
are not necessarily logical or rational (Hodgkinson et al, 2009). In a complex decision-making
context, the intuitive judgment represents an essential element of strategic competence.
Furthermore, several studies of decision making in a variety of complex contexts have shown
that rational analysis remains insufficient to deal with complexity. In some cases, intuition
could even replace rational analysis (Woiceshyn, 2009). Dhami and Thomson (2012) propose a



summary of the different currents of interpretation of the decision-making position that
highlight the advantages of rational analytical decision compared to intuitive decisions and
trends that put forward the contribution of intuitive thinking while keeping the benefits of
rational decision. The conclusion states that effective managers should combine intuition and
analysis to meet specific and complex decision problems. This shared perception of decision
is mentioned in the literature through the concept of “quasirationality” (Hammond, 1996,
2000; Dhami and Thomson, 2012).

Inspired by this concept of quasi rationality, in the analyzing approach of risk occurrence
in servitization, we consider that all DA included in the process are based on rational analysis
that depends on the context in which it operates “procedural reliability,” in parallel with the
intuitive judgment developed for each decision-making choice measured through “decision
confidence.”

5.2 Decision procedural reliability and decision confidence: assessment and estimators
(1) Decision procedural reliability assessment

We propose to evaluate procedural reliability adopted by decision-makers according to the
Reference Model that we have established. We consider this model as a reference guide to
reflect a standard reference reliable rationality, which facilitates understanding of the process
followed by decision-makers (Figure 5). This will be named “Procedural reliability of decision
making process” (R), and more specifically we define this procedural reliability according to:

An estimate of the proximity between (1) the reference servitization decision-making
process modeled a priori and (2) the effective decision-making process, followed by decision-
makers.

The procedural reliability will provide an estimation of this proximity. We propose to
build the evaluation of this proximity between two processes according to the finest modeling
process level: the Decision Activity (DA).

For the detailed explanation of the following measurement it’s necessary to consult the
third line of Table 1, to understand the details of modeling a DA.

A DA, of the “effective decision-making process” will be considered reliable when the
characteristics () and attributes (4;) of this activity are similar to those of the corresponding
activity in the Reference Model for a decision-making process. In other words, it can be
considered as a reliable DA, only if the decision-maker has considered all the predefined
elements in the Reference Model.

The decision-process reliability R, for DA, is evaluated by aggregating the reliability
coefficients among the m attributes (4;) of the n characteristics (C), taking into account the
index of the presence (ind = 1) (resp. absence; ind = 0) means that the decision-maker took
(resp. did not take) the attribute into account in his decision-making process.

It is therefore necessary to capture and model the actual decision-making process, using
the same formalism (networks of activities) as for the Reference Model.

Servitization
reference process

Decision reliability
>

Detailed models
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activities
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n

R, = Z(indi X coef;)

iy=1

R, = 0 if no decision attribute is present; situation of Ignored DA

R, = 1 if all decision reference attributes are present in the effective decision-making
process; it refers to a situation when the decision-maker proceeds by following closely the
reference model

Coeff: represents the coefficient for every attribute representing a part of decision
characteristics

Example: for a DA-D “Develop internal value chain” (7 characteristics are considered) for
reliability assessment, every characteristic is represented through a coefficient of %; one
characteristic C2 “Detailed output” contains three attributes. We consider a coefficient of

Il 1 . .
(7 Xg= ﬁ) to assess this attribute.

(2) Decision confidence assessment

We propose to evaluate decision-maker confidence (7) based on one characteristic (cf. line 3 in
Table 1) of the decision-making reference model: the “Detailed Output” that brings together
all decision results (decision choices made) under different () attributes (4) for a given
DA: (T(4),).

Confidence estimator (73) converts the confidence assigned by decision-makers to their
choices according to an easily understandable approach for the decision-maker.

T(A) -4, = Evaluated confidence at the level of each attribute of the “output”
characteristic of the DA,.

T, = average(T(A)A:mﬁ K)

The assessment of confidence is made through a questionnaire that first checks if the
decision-maker has addressed the concerned decision; then asks to assess his confidence in
the decision choices according to a qualitative ordinal scale of four levels ranging from “not
confident”, “somewhat confident”, “confident”, to “very confident”. The choice of this pair
scale aims to encourage the decision-maker to express an oriented choice avoiding neutral
assessments. We aim to offer a polarized assessment of a decision-maker’s judgment. Then,
to deduce an agreed assessment of confidence on overall results of the DA, we assign scale
levels ranging from coefficients 0 to 1, according to the growing expressed confidence level
(0] for “not confident”; [0.25] for “somewhat confident”; [0.5] for “confident”; [1] for “very
confident”).

Once confidence is assessed for every DA attribute of the output 7(A);, we proceed to the
aggregation of assessment through the average of the coefficients allocated among
attributes (7).

It should also be noted that our approach does not aim to explain the origins of the
confidence of the decision-makers or the relevance of their choices, our role is limited to
quantifying the judgment of satisfaction or faith expressed by the decision-makers in their
choices.

Finally, after these two evaluations, every decision-making activity can be formalized as
follows

DAy = {(C),_yom Ri; Ti}

i=1ton’

C; = Characteristics for DA



R, = reliability estimator for DA;
T}, = confidence estimator for DA,.

(3) Decision procedural reliability and decision confidence: aggregation on the level of
CDp

According to the reference model we defined for servitization decision making
process, two important analysis levels were created, one focused on DA, the second
one representing an aggregated point of view of the decision process (combining one
time horizon and one MP) represented through the critical decision process (CDP).
The CDP plays an important role in the diagnosis, therefore we need to evaluate
the reliability and confidence indicators at its level, which gives an aggregated
granularity.

Based on the detailed estimation of reliability and confidence in the level of DA, we
aggregate the estimation in the level of CDP by considering the minimum value (for
confidence and reliability) among all Decision Activity existing in the CDP.

RCPP; — Min;; (Rk) represents the aggregated decision reliability

TCDP; — Min;; (7%) represents the aggregated decision confidence

Finally, the CDP can be formalized as a set of Decision Activities, together with two
aggregated indicators

CDP; = {(DAx; Ry; Ty); R, T}

1=1-3

j=14

The different estimators were created to allow normalizing the assessment for decision
reliability and confidence, to make it possible to compare values.

The aggregated assessment we propose in the level of CDP will enable us to establish an
aggregated adjusted vision for risk diagnosis for the servitization process. The global view is
important to address an objective judgment about the situation of the process at one specific
moment. The aggregation by the minimum we have chosen will enable to highlight the areas
carrying a high potential occurrence of risk. Interpretation of risk occurrence will be the
subject of the next section.

5.3 Risk occurrence: 3 levels of diagnosis
We evaluate risk occurrence according to both estimators: decision reliability and decision
confidence. We consider that risk occurrence is highly probable if both “decision procedural
reliability” concerning the decision-making process is not optimal and “decision-maker’s
confidence” is low. The interpretation of the “potential occurrence” of decision risks is
presented in Table 2. This potential of occurrence can be studied at different levels of
granularity: for each “Decision Activity” (DA), aggregated for a single “Critical Decision
process” (CDP), or even more aggregated at the level of a Macro-Process (MP) (see Table 3).

The matrix (Table 2) is created based on the principle of parity judgments. The
measurement we propose for the potential occurrence of risks has been first discussed and
validated with experts, then confronted with feasibility and pertinence validation through a
real industrial case study Ecobel) detailed in (Dahmani, 2015). We consider mainly that a
decision which is “totally unreliable” and decision-maker is “not confident” is carrying a “very
high” potential occurrence of risk. Following the same logic we deduce four levels to interpret
the potential occurrence of risk: Very high; high; average and low. The most critical CDP are
those carrying very high and high potential occurrence of visk.

Based on the three granularity levels underlined (DA, CDP and MP), three complementary
levels of diagnosis are proposed. We identify a first level to compare decision reliability to



Not confident somewhat confident Very confident
Confidence confident
Reliability
Totally Very High Very High High Average
unreliable
Partly Very High High High Average
unreliable
Table 2. Mode':rately High High Average Low
Matrix for the reliable
interpretation of -
“Potential risk Reliable Average Average Low Low
occurrence”
MP1 MP2 MP3
PSS technical design PSS Business model Organizational changes
transformation required to support PSS
implementation
H1. Strategic | PS1. Define PSS value PS2. Define the value
creation drivers proposition
H2. PT1. Delineate the PSS PT2. Define the value PT3. Plan organizational
Tactical 1 structure architecture changes
H3. PTS5. Select the profit PTé. Establish level of
Table 3. Tactical 2 equation activity
Potential risk ) H4. PO1. Plan production P0O2. Deploy the business PO3. Establish an
occurrence diagnosis Operational and characterize model organization of work
for the Automelec .
servitization process customer interface

decision confidence, for each DA of the servitization process. Profile diagrams are built, as
illustrated in Figure 6. This gives a high-level vision of the decision coherence between the
procedural rationality of the decision-maker and his intuition. Only decisions with a high
difference between R, and T}, will be further analyzed.

The second level of analyses diagnoses the risks at the level of the CDP. Risks are related
to a specific field and a specific time horizon, making it possible to discriminate priorities for
later risk mitigation. Detailed risk factors can also be further analyzed for each CDP.

The third level of diagnosis is related to an intermediate level based on the decision grid
(Figure 6). The diagnosis here will give an aggregated estimation of the potential risk
occurrence on the level of the axes: for every MP, to detect the MP concentrating weaknesses,
and on the temporal horizon to detect if the risks are related to the short-term decision
process, medium or long term. The methods proceed by calculating and delivering to the
decision-makers various aggregations of the potential of risk occurrence, as illustrated in
Figure 6.

It is necessary to highlight that for all estimators used we do not aim for a true value in the
assessment, but for a discriminating approach to identify “weak decisions.” Qualitative scales
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Figure 7.
Automelec transition
to PSS through Oliva
and Kallenberg (2003)
servitization
continuum

allow finding decision confidence and reliability levels where they are more or less high,
without looking for exact precision for the numerical values of these estimators. Only relative
differences are actually useful. Therefore, limits of intervals for reliability and confidence are
defined according to the studied case on which the method is applied.

6. Case study: Automelec

In this section we experiment the method defined on a real case study, to validate the
feasibility of the method. We aim to instantiate the model and indicators we created to get a
diagnosis result able to help decision-makers through the servitization transition process.

6.1 Presentation of Automelec
Automelec is a French SME located in the Rhone-Alpes Region. Automelec offers integrated
automation systems (mechanical systems, industrial electricity, automation and IT) for the
mining and extractive industry. In the 2010’s, Automelec developed a new system
called “Tamisoft,” which consists of a particle size measuring line technology using 3D vision,
applied to the extraction of gravel/stones. This system enables the early detection of possible
drift compared to spot analyses on samples. It provides a report that certifies if the size of
stones complies with the clients’ standards, thus making the quality control more reliable.
Automelec planned to market Tamisoft as a PSS (Figure 7) and initiated a transition
toward servitization. Tamisoft can be offered as a use-oriented PSS (the use of the system is
sold but not the system itself) or as a result-oriented PSS (the result lies in the report that
guarantees the size conformity of the stones) (Tukker, 2004). Automelec managers considered
that the transition to a PSS delivery model was able to increase profitability and stabilize its
operating cycles.

6.2 Operational research methodology
For case selection, we followed a straightforward, purposeful sampling approach (Patton,
2002). Our selection criteria identified information-rich cases that (1) focused on medium-sized
companies, to allow a reliable representability of the method; (2) companies who have been
initiating a strategic reflection around servitization transition since one year minimum; and
(3) companies which are flexible to continuously redesigning their service offerings to provide
customers with comprehensive solutions and long-term service agreements. This can refer
also to companies with agile decision-making process, able to adapt to different changes.
Automelec satisfies these three criteria and was selected for the feasibility validation of
the method. At the time of the research collaboration, Automelec’s decision-making board

Current position: Targeted position:
Product PSS result oriented

Relative
importance to
tangible goods

Product: Tamisoft system PSS: Tamisoft report

Relative
importance
to services




had launched the servitization transition project and confirmed the need to change the
business model for the Tamisoft system.

Although Automelec shows high maturity in terms of strategic thinking and the need to
establish a change in its business model, it encounters significant difficulties in defining the
adequate trajectory required to fulfill the strategic objectives of servitization transition. The
decision is highly centralized at the level of the leader, and the company does not have
the means for strategic analysis or simulation that allow it to test and experiment different
scenarios. Currently the company is trying to collect information from their customers; has
initiated some limited experiments, but still needs assistance to get a clear vision of the
possibilities and the significant criteria to consider in this transition.

The process faced by Automelec is representative of the situation analyzed by the method
we propose, the difficulties developed by Automelec are related to the 3 MP defined in the
method, and the decision covers also strategic and operational perspectives.

For these reasons, we considered that Automelec would represent a valuable case to
experiment and validate the method we propose. It would validate the resilience of the method
in a different context than the Ecobel case study previously used for the first validation of the
method (cf. Section 2).

We applied our diagnosis method to the Automelec case in three steps:

(1) Understanding of the strategic and organizational context: through three semi-
directed interviews of two hours each with the company’s CEO. This step allowed
establishing a representative model of the effective servitization decision-making
process followed by the firm. This phase is based on an open questionnaire, for which
we accompany the decision-makers to explain questions, and note responses. Then,
we formalized the followed decision-making process according to the reference
decision model;

(2) Assessment of the procedural reliability of decisions, and of the decision-maker’s
confidence in the taken decisions. To do so, we used the conceptual models developed
for assessing estimators (cf. Section 4.2);

(3) Risk diagnosis. Risk estimators were calculated and analyzed to help highlight the
weaknesses of the decision-making processes, before analyzing possible ways of
improvement. The diagnosis procedure follows the 3 levels introduced before
(cf. Section 4.3).

6.3 Diagnosis results

6.3.1 Level 1: general diagnosis — decision coherence. This diagnosis (Figure 8) is based on
measuring and comparing the reliability (/) and confidence (77) for every DA of the process.
This allows to build the profile of the decision process and to identify the DA carrying high
incoherence (important difference between Ry, and T3,).

We note that for 67 % of the process (32 DA), there is decisional coherence in the perception
of the risks inherent to these DA where R, ~ = T3: From an objective and subjective point of
view, 38% of the process performed by Automelec (18 DA) carries high decision-making
risks, while 29% of the process (14 DA) carries low decision-making risks. For these 32 DAs,
we consider that the decision-maker is aware of the potential decision risks. The systematic
diagnosis completed via the modeling of decision-making situations and identification of risk
factors (more details in Dahmani et al., 2016) makes it possible to confirm objectively some
weaknesses already intuitively identified by the company, and further analyses the causal
factors of these weaknesses.

On the other hand, 33% of the process (16 DA) expresses a decisional incoherence, where
Ry, and T}, do not follow the same trend. For 23% of the process (11 DA), the so-called objective



Figure 8.

General diagnosis —
decision coherence for
Automelec
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risk is considered to be high compared to the subjective risk, considered to be low. This
situation reflects an underestimation of the weakness of these concerned DAs, which can lead
to the occurrence of “Unforeseen” decision-making failures

For 10% (5 DA) of the process, the DAs carry a subjective risk considered as high
compared to the objective risk which is low. This puts forth a situation of incoherence, where
the DA follow correctly the decision-making procedure defined in the Reference Model, but
where the decision-maker remains uncertain of the resulting decision choices.

The detailed interpretation of these situations of incoherence can only be made by the
decision-makers themselves, with the objective being to change their awareness of some of
the key issues. A reminder that the final objective of this first level of diagnosis is to give an
instant image of the decision-making process accomplished by the company. This represents
a first descriptive synthesis, serving as a basis for later comparison. We plan to carry out this
same diagnosis periodically during the servitization project (every 6 months, for example), in
order to see progress in terms of reliability and confidence estimators, as well as in terms of
decision-making coherence.

6.3.2 Level 2: specific diagnosis focused on CDP. This level of diagnosis focuses on the CDP;
the objective is to measure an aggregation of the potential occurrence of decisional risk on
every CDP of the model (Figure 3) through a code color developed in Table 2. The evaluation
is based on the different estimator tools we introduced in Section 4: RPPs and TFi. The risk
interpretation is based on Table 2.

This level of diagnosis for Automelec shows that the major risks are concentrated on
strategic decisions related to the planning of organizational changes (PS3), and on tactical
decisions about defining the PSS infrastructure (PT4). Indeed, Automelec is not able at this
moment to define precisely the organizational changes require for implementation. At this



stage of the project, the company is not aware that the business processes need to be re-
defined because of the new service-oriented activities (for instance the system maintenance or
the monitoring of customer needs).

Regarding the PSS infrastructure definition, Automelec weakly defines the fundamental
elements of the infrastructure necessary to ensure the delivery of the promised value. This
concerns the minimum existing infrastructure necessary to monitor the functioning of the
system. For the Tamisoft system one example of infrastructure would be to provide a stable
access to Internet connection to ensure customer data transfer and analysis.

Decision processes related to organizational structure changes appears to be the most
neglected ones. In fact, we observed that decision-makers of Automelec and for SMEs in
general do not question the importance of professional changes imposed by servitization,
they trust the reactivity and adaptation capacities of their companies. This may be true for a
product-oriented PSS offer, where services represent support for an existing product, but for
a use or result-oriented PSS offer such organizational changes become critical. Indeed, use-
oriented and results-oriented PSS imply a change in the core business of the company, which
requires questioning collective skills and capabilities. In most of the cases, this change
requires the involvement of new external actors in the company’s value chain, and
establishing formal partnerships with these stakeholders. In the case of Automelec the
diagnosis acted as an alarm to increase their awareness.

The CDP PT6, related to defining an activity level for the servitized company also carries a
high risk; this is about anticipating at least a reference minimum level of demand to organize
the activity and check if available resources are sufficient.

Diagnosis allowed to notice that decisions related to technical design issues (MP1) are the
most controlled ones (few DAs are ignored at this level), followed by decision processes
responsible for setting up the business-model.

6.3.3 Level 3: intermediate diagnosis based on macro processes (MP) and decision horizons.
For Automelec, the three MPs (MP1: Technical Design; MP2: Business model transformation;
and MP3: Organizational changes) are marked by DAs carrying risks with relatively high
potential of occurrence. We also note the presence of DAs fully ignored at the level of the three
MPs, but most of ignored DAs are concentrated at the MP3. Thus, it can by hypothesized that
for Automelec, MP3 has to be considered as a priority in the transition project.

These results could reflect a lack of global awareness of the business decision-maker
regarding the importance of planning an organizational change process (MP3) and of
designing the offer and the business model (MP2). However, this can also be explained by the
intermediary positioning of Automelec in the transition process. This is a decision-making
axis which has not yet been fully addressed by the company. Feedbacks from the manager
show that planning organizational change is not a priority for Automelec because the
decision-maker considers that the company has the expertise and experience necessary to
ensure internal change: consequently, these DAs have been deliberately ignored. However,
for questions related to external changes in terms of collaboration and partnership needs,
some DAs were involuntarily ignored and require higher consideration.

For the other two MPs, only two DAs were ignored by the decision-maker. This shows a
high overall awareness of the various issues related to the PSS design and business model.
However, we find that several DAs belonging to MP2 (6 DAs) are marked by a relatively high
potential occurrence of risk, versus only one DA for MP1. We can then hypothesize that, after
MP3, the second priority for risk mitigation is MP2.

We also evaluated the distribution of the DAs of the decision-making process according to
four decision-making horizons. Most of the ignored DA are concentrated in the short term and
medium term 1. We can thus hypothesize to consider the short-term decision-making horizon
as a first priority for risk mitigation. This axis considers all of the operational decisions
necessary to implement correctly the servitization strategy. This higher risk can be explained



by the positioning of Automelec in the transition process: the decision-maker considers that
the company is able to be reactive and calibrate its operation system in adaptation with
possible changes from market demand: this consideration led to purposely ignore several
DAs. The company claims to have the capacity and expertise to perform them, as soon as the
process is well-advanced.

The second apparent priority axis is the medium term 1, which concentrates the second
highest number of ignored DAs (3 DAs). This axis embeds decisions aimed at planning
medium-term resources, required to respond to strategic positioning. It is the intermediary
between strategic and operational decisions.

The third priority axis is then included in the medium term horizon 2, because it
concentrates the highest number of DAs with relatively high potential risk occurrence
(5 DAs), compared to the strategic horizon which seems to be the least affected.

6.3.4 Implications of the diagnosis for Automelec. Delivering this diagnosis for Automelec
was very useful for the decision-makers. One first insight is related to the method and its
ability to give different points of view of the performance of the decision process to
accomplish the servitization transition. It helped the company to get a systemic view of
the decision process, which contributes significantly to increase the awareness about the
different weaknesses in the process. The three levels of diagnosis also helped to clarify the
situation at distinct granularity levels, and to assess objectively the situation of the company
leading to some discrepancies between intuitive and measurable situations. Through the
systematic use of a reference model the approach increases the awareness of decision-
makers of a correct organization of decision-making activities. At a detailed level the
reference models can be used to identify precise risk factors.

The second insight is about alerting and increasing awareness about the areas carrying a
very high potential risk occurrence. The diagnosis helped to highlight parts of the process
(MP3: organizational changes and medium term decisions) which were not identified as
carrying high risks beforehand. This helped deducing course of actions: the diagnosis
enabled Automelec leaders to rethink the importance of the infrastructure for the delivery of
the system and some important contracting points (legal issues) were identified to be
improved. The company highlighted some other added-values notably concerning (1)
defining the level of activity of the company, (2) how to differentiate costs and activities
related to the transition project and operational costs of the run or the business as usual after
delivering the servitized system. Based on this other questions appeared about managing the
follow up of the PSS, rewarding loyalty for users.

This experiment on the Automelec case has validated the feasibility of the method. Many
contributions were identified by the decision board when discussing the diagnosis results. It
helped to highlight the DA needing revision or deeper analysis. We can confirm the
adaptability of the method and its ability to help understanding the servitization system. A
first level of genericity of the method has been validated: it is not dependent on the sector of
activity or the size of the company. We can notice that the approach can be particularly useful
for SMEs (when applied by an expert) because it provides objective results, contributing to a
better knowledge of the servitization mechanisms by the managers and increases their degree
of confidence in how they manage a transition project.

Some limitations arise, related to its temporal representation of the process. The fact that
the application of the approach requires an intermediary actor in charge of the diagnosis with
a high understanding of servitization concepts and specificities and with the capacity to
interpret consistently the measurements provided can also represent a limitation.

6.4 Feedback from experience, theoretical contributions and managerial implications
Through this research we propose a new approach for using risk diagnosis methods in order
to help the piloting of the servitization decision-making process. The interpretation resulting



from risk analysis helps decision-makers to identify areas of weakness in their decision
processes. This diagnosis process can be included at different milestones of servitization
projects. Decision-makers could take advantage of the approach as a continuous learning
approach to enhance their decision-making capacities on servitization. Some discussion key
points are emphasized below:

First discussion concerns the utility of the methodological framework that we propose,
which is related to the utility brought by its results. This utility is co-constructed and co-
developed with the company’s decision-makers. We observed during the study a first utility
of the methodological framework stemming from the decision diagnosis. Controlling risks
starts by increasing awareness of their existence. The deployment of the methodological
framework that we propose then allows decision-makers to become aware of the various
decision risk factors included in the decision-making process that they are carrying out. This
increases the visibility of decision-makers and help them to focus on the most critical issues.
This benefit consists in shifting the leader’s point of view to face complex decisions of
servitization strategy. The manager dilemma is no longer to answer the direct question of
“what is the right strategy to steer servitization transition,” but rather indirectly to answer
“how can I deploy the internal decision-making capacity to meet servitization’s most
important objectives.” The sought utility is therefore a long-term impact on the decision-
making capacity of the company.

A complementary utility is linked to the discussion of potential remediation approaches.
The diagnosis results contributed significantly to enhance the awareness of decision-makers
for a better control of the transition process. The diagnosis ensures a better performance in
terms of understanding the decision-making context and the impacts of decision-making
choices which contribute to the overall success of servitization transition.

To support such a diagnosis, a conceptual benefit of the research is related to risk
occurrence assessment defined according to the confidence and the reliability based on a
reference model to identify the level of control for the decision process: individually, and
according to decision critical processes and aggregated according to axes. These different
aggregations provide complementary points of view that will help decision-makers to
position the adequate servitization trajectory.

Another interest of the study is related to the evaluation estimators that we defined:
“Procedural reliability,” “Decision-making confidence” and estimator of “Potential risk
occurrence.” These qualitative estimators are managed by quantitative tools in order to
ensure the genericity of the model, but their interpretation is qualitative and makes it possible
to explain complex systems. In a more global vision, we consider the usefulness of this
proposal of the methodological framework to help decision-makers to explicit their strategic
thoughts. This concerns as much big companies as SMESs. The approach allows managers to
explain their strategy or what they consider to be a strategy: therefore it makes it possible to
differentiate between what relates to strategic objectives and what relates to the strategy
itself or the path to deploy the strategy and achieve the objectives.

Another discussion is related to the time and servitization process maturity when the
diagnosis could be applied. In the adopted approach, our positioning was focused on the
analysis of the before-planning phase or initiating phase for servitization project of an
industrial company. We recommend providing decision support even during the planning
and executing, to alert corporate decision-makers to possible failures in their decision-making
processes. As a result, the proposed diagnosis approach is part of a vision of vigilance and
precaution, rather than a curative one. This approach is able to enhance the maturity of
decision-making process for companies, and improves their overall organizational agility
during strategic transitions.

In the area of risk management, a clear contribution of this work lies in the proposal of a
contextualization approach of risk diagnosis according to the specific framework of



servitization decision-making process. This approach makes it possible to perceive decisional
risks in a global way: through their origins included in the servitization decision-making
process and their impacts that threaten the strategic objectives of value creation.

Then, through the case study, we also observed managerial implications of the method
related to its ability to help decision-makers structure and explicit their strategy. The
framework allows an overview of the servitization process of the company in general. Other
managerial implications are related to the diagnosis results produced by the method helping
decision-makers to reduce uncertainty and develop decision-making capabilities for the
servitization process.

The scope of this paper is limited to a part of the conceptual and methodological framework
introduced in Figure 4. This full conceptual framework includes the construction of a
remediation plan aimed at deploying risk mitigation actions. The whole approach thus brings
not only conceptual benefits (based on risk management for servitization) but also operational
benefits by a structured method leading to operational and applicable action plans. This
responds also to the challenges of operationality identified in the initial positioning.

Nevertheless, the research question is not closed: many perspectives could improve the
method and overall, its adaptability and efficiency should be assessed on a larger panel of
case studies.

7. Conclusions and perspectives

Industrial enterprise transition from product selling towards an integrated offer of PSS
induces dynamic systemic changes for the company. This transition impacts all components
related to the offer, the core business, the value construction and sharing between the
company and its subscribers as well as its internal organization. In this research we propose a
different approach to consider risks in steering innovative servitization process. We propose
a proactive approach that aims to support decision-makers in the trajectory of the
servitization of their company. In our vision, the risk diagnosis can help to raise awareness of
the weaknesses of the process and then reorient the decision-making trajectory of the
company. The impact upon society of this research focuses on its ability to facilitate complex
decision-making for strategic transition process for organizations and particularly SMEs.
Due to their limited resources, most SMEs have difficulties to conduct complete strategic
planning for strategical transformations of their business. They lack control over the high-
level vision. We believe that helping SMEs to gain control and autonomy over their business,
especially in a transformation context, will bring positive impacts to the local industrial
fabrics, local economical networks and societal conditions of the workers. It increases the
climate of stability and confidence for the local business environment.

The approach we propose in this work through the different phases helps decision-makers
better understanding the possible opportunities for their business development and growth.
The diagnosis allows them to get an overview about the performance of their decision-
making process through risk diagnosis. It helps limiting uncertainty and ensuring a better
awareness of the different decisional risks in order to optimize mitigation actions.

One of the limits of this work is the concentration on the firm’s internal decision-making
environment. The model is based broadly on the vision expressed by the company’s decision-
makers. We recognize this limitation, and we consider the perspective of highlighting the
influence of external factors on decision-making in future works. This would then require a
deepening and a classification of the different contextual and environmental factors that can
influence servitization strategy for the industrial enterprise.

In addition, we consider at the end of this work a last perspective in the deployment of the
methodological framework. We did not consider some variables that may impact the
decision-making process significantly, such as the risk impacts or severity; the cost generated



by questioning decisions made carrying high risks; or the risk appetence or risk aversion of
decision-makers. One of the perspectives of this study concerns the possibility of taking into
account these factors, thus increasing the utility of the decision-making results provided,
customizing them specifically to the company situation and vulnerability characteristics.
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