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Abstract
Most methodologies developed to support the Product-Service System (PSS) design consider the integration of service
features into the product design from a high-level of abstraction and are usually focused on the conceptual phase,
neglecting the detailed level of design. Besides, the Knowledge Management perspective is not considered in those methodologies, also affecting how new design knowledge is created, formalized, and shared across the company’s organization. The PSS Design GuRu Methodology, grounded on Concurrent Engineering and Design for X approaches, was
developed to fill these issues. This study presents how the PSS Design GuRu Methodology can be incorporated into a
PSS detailed design process in a B2B company operating in the food and bakery machinery sector, focusing the analysis
on its contribution to promoting Knowledge Management. In particular, a detailed case of development and integration
of a service feature—the installation service—to a product in the PSS scope is conducted. The PSS Design GuRu
Methodology proves to be effective in supporting the generation, management, use, sharing, and reuse of new knowledge in the shape of design guidelines and rules.
Keywords
PSS, detailed design, knowledge management, concurrent engineering, design for X

Introduction
Product-Service System (PSS) business model has been
pursued by manufacturing companies all over the world
(Baines et al., 2013; Wallin et al., 2015) as an alternative
for innovation and generation of additional value for
customers (Fernandes et al., 2019). Depending on the
archetype employed (product-, use-, or result-oriented)
(Tukker, 2004), different sets of services integrated with
products can be provided to customers (Gaiardelli
et al., 2014). Several benefits have been identified from
the PSS adoption by both well-established companies
and small and medium enterprises (SMEs) (de Jesus
Pacheco et al., 2019). However, there is still a need to
support manufacturers companies throughout the PSS
development and implementation to prevent them falling into the service paradox in its twofold shapes: either
as a lack of growth in service revenues despite the additional investments and costs to provide the service
offerings (Gebauer et al., 2005) or as the risk of

pursuing an evolutionary transformation from a
product-focused offering to a service-based offering,
rather than being a revolutionary transformation
(Brax, 2005). In the industrial context concerning PSS
development, there is a rare demonstration of the
applicability of PSS design methods and methodologies
in companies (Xin et al., 2017), a limited development
of information technology (IT) tools (Qu et al., 2016) to
support the PSS detailed design process, and a difficulty
in recognizing the owners of the activities in the design
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process (i.e. accountability issues in allocating activities
to service managers and product designers/engineers)
(Vasantha et al., 2012). This last issue causes scarce
knowledge management (KM) during the PSS design
process (Sassanelli et al., 2019a; Vasantha et al., 2012).
Adequate methods and tools are needed to ease the PSS
detailed design process and to foster the creation and
sharing of new and suitable design knowledge across
the company’s organization (Sassanelli et al., 2019b).
Frameworks, design models and methodologies have
been developed by design communities to support the
PSS design (Vasantha et al., 2012). However, traditional methodologies (e.g. Aurich et al., 2006;
Maussang et al., 2009) present a high level of abstraction when explaining how to integrate the service features in the traditional product design (Tan et al., 2010)
and are usually focused on the conceptual phase. To
cope with these hurdles, the product, paired with the
service features, should be adequately designed
(Pezzotta et al., 2018) not only in the conceptual design
phase but also considering detailed aspects during the
further embodiment phase or detailed design
(Rozenfeld et al., 2018; Sassanelli et al., 2019a).
Concerning specifically the detailed design phase, several aspects can affect the KM (De Long and Fahey,
2000). The use of approaches and supporting tools
encompassing, from a practical level, the whole lifecycle
can be considered as a key point for the creation, sharing and use of knowledge. This can determine the relationships between individual and organizational
knowledge, can affect which knowledge is worth managing, can create the context for social interaction and
shape the processes by which new knowledge is created,
legitimized and distributed (De Long and Fahey, 2000).
In new product development, concurrent engineering
(CE) approach is implemented to reduce process time
and costs and to ensure the quality expected by customers and constitutes, together with project management
and teamwork, the three main pillars of knowledge
(Rihar et al., 2020). CE approaches, such as Design for
X (DfX), can support the early integration of service
features into the product design of a PSS in a detailed
level, while guiding designers with knowledge related to
the PSS lifecycle phases. To support the creation of
such knowledge, providing guidelines and rules for the
product/service detailed design phase, the PSS Design
GuRu Methodology (Sassanelli et al., 2019a) was formulated. This methodology is grounded on CE practices and DfX approaches (Huang, 1996; Kuo et al.,
2001), specifically on the Design for Product Service
Supportability (DfPSSu) (Ebikake et al., 2018;
Sassanelli et al., 2016). This paper presents how the PSS
Design GuRu Methodology, from now on called
GuRuMeth, can fill the gaps presented above from a
KM perspective, through its application in a B2B
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company operating in the food and bakery machinery
sector. Through previous application cases, its potential
to both improve either the product (Sassanelli et al.,
2017b, 2019a) or the supporting infrastructure of a PSS
(Sassanelli et al., 2017a), and also to generate new useful design knowledge under the shape of DfX guidelines
and rules, have already been demonstrated. Besides
that, this paper focuses, from a KM perspective, on
both the practices needed to be implemented in the
company and the organizational structure required to
foster the adoption of such a methodology based on the
CE approach.
The paper is structured as follows. Section 2 presents
the research background. It clarifies how KM can be
supported by multidisciplinary teams, company organization and supporting tools, and briefly introduces the
GuRuMeth. In Section 3, the research methodology
and the case study characteristics are described. The
results are presented in Section 4. Section 5 describes
the main findings and discussions from the KM perspective. Finally, Section 6 concludes the paper.

Research background
Knowledge management in PSS: Multidisciplinary
team, organization and supporting tools
According to (Nonaka, 1994; Nonaka I and Von
Krogh 2009), the main enabling conditions for the
organizational knowledge creation process are divided
into aspects of individual commitment (i.e. intention,
autonomy and fluctuation) and those that can be seen
as ‘‘organization-wide’’ (i.e. creative chaos, redundancy,
and requisite variety). To enable organizational knowledge creation, a hypertext-organization is needed.
Although this concept was formulated years ago
(Nonaka, 1994), it is still considered one of the most
appropriate ‘‘root’’ concept for representing organizations and managing the knowledge creation process
(Szczygielska, 2019). The hypertext-organization has a
dynamic nature (Szczygielska, 2019) and consists of
three main layers: knowledge-base, business-system
and project-system layer (Nonaka, 1994). At the base
there is the ‘‘knowledge-base’’ layer, which embraces
tacit knowledge, associated with organizational culture
and procedures, as well as explicit knowledge (documents, filing systems, computerized databases, etc).
This layer has the function of a ‘‘corporate university’’.
The second layer is the ‘‘business-system’’ layer, where
a daily routine operation is carried out by a formal,
hierarchical, bureaucratic organization. At the top, the
‘‘project-system’’ layer includes multiple self-organized
project teams with employees from different departments and functions. These teams are connected and
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share the joint creation of knowledge using corporate
vision.
The research domain about methods and tools for
PSS knowledge management in the organization can
still be defined as a niche (since only 95 documents
were retrieved from the Scopus database when using
the query ‘‘knowledge management’’ and ‘‘PSS,’’ and
only eight contributions were selected after a screening
process). A brief overview of these contributions is provided, categorizing them according to the lifecycle
stages coped with the methods and tools respectively
proposed. The research of (Nemoto et al., 2015) focuses
on the concept phase proposing a framework for managing and utilising PSS design knowledge to support
idea generation in PSS design. Two other contributions
shifted the attention to the PSS development phase but
with the specific aim of supporting the definition of
customer requirements and foster the related KM. In
particular, (Zhu et al., 2015) proposed a framework to
support requirement-driven PSS by providing tools and
methods to analyse requirements, formalize PSSs by
ontology-based knowledge representation, and to find,
optimize and assess the PSS solution. (Wang et al.,
2019) proposed a novel data-driven graph-based
requirement elicitation framework for smart PSS, with
the aim to assist engineering and designers to improve
design or to generate better concepts in a closed-loop
manner.
Further two contributions focused on the design
phase with the aim to improve the entire PSS lifecycle
through an adequate capture, management and reuse
of related knowledge. (Li et al., 2021) build a datadriven framework to exploit high-value and contextdependent information/knowledge in the development
of sustainable smart PSS. (Zhang et al., 2012) developed a KM and reuse framework for PSSs whereby
information and knowledge about products along the
entire lifecycle can be effectively captured, modeled,
represented and shared during design stage. (Liang,
2020) addressed the use and service delivery phase
developing a framework of collaborative troubleshooting procedure. Lastly, (Belkadi et al., 2020; Sassanelli
et al., 2018) focused on the collaboration perspective
during the design phase enabled by the KM. (Belkadi
et al., 2020) developed a collaborative knowledge-based
platform to support PSS design, production and usage
planning of industrial PSS. (Sassanelli et al., 2018)
raised the need for effective IT systems/tools and collaborative design platforms also in the PSS detailed
design domain with the development of the Lean
Design Rules Tools (LDRT). The LDRT can manage
the PSS design knowledge generated through the
GuRuMeth (under the shape of design guidelines and
rules) and integrate them in a more holistic engineering
environment working with product-service data/
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lifecycle management. The power of the tool is related
to its independence from the designers’ culture, who
may not have the deep knowledge to adapt their design
activities to their use.

The PSS design GuRu methodology
The word guru (Sanskrit: úĲ Ŝ ) means ‘‘teacher’’ in
Sanskrit. However, in Indian traditions, the guru is
more than someone who teaches a particular kind of
knowledge and, in its scope, encloses someone who is
also a counselor, who helps shape values and experiential knowledge as well as specific knowledge (Mlecko,
1982). In particular, looking at its syllables, Gu means
‘‘ignorance’’ and Ru, ‘‘dispeller’’. The guru is a dispeller
of ignorance. In the GuRuMeth, the word GuRu
stands for Guidelines and Rules and proposes, at the
same time, to recall the meaning coming from the
Indian tradition. The methodology aims to teach
designers and engineers how to conduct a detailed
design of a PSS. It also proposes to generate new practical knowledge, the ‘‘experiential knowledge, not only
intellectual knowledge’’ (Mlecko, 1982: 34) embodied
in Design Guidelines and Rules that can be used and
reused by its users. Sharing this kind of knowledge
among the divisions of the company, in particular
between product and service-related functions, it aims
to dispel the lack of knowledge of companies’ employees, for example, designers and engineers, regarding
certain PSS functions or specific lifecycle phases. The
GuRuMeth supports the integrated design of products
and services and generates design guidelines and rules
suitable with the DfPSSu approach. Especially, guidelines provide a proper basis for considering generic,
non-company-specific, lifecycle-oriented information to
be followed during the design phases. Guidelines are a
valid means of promoting knowledge management,
from formalization and representation to sharing, use
and reuse (Dalkir, 2011). Connected to guidelines, rules
become concrete and quantitative instructions for PSS
developers and should be followed during their daily
specific design activities. Rules represent the distinctive
knowledge belonging to the company. The GuRuMeth
is composed of four main sections detailed in six phases
(Figure 1).
In the first section of the methodology, DfX
approaches, concerning those included in the DfPSSu
approach that can be used during the PSS design, are
chosen. They represent the possible DfX’s abilities (A)
the PSS should address and they are the starting point
for creating guidelines/rules. Based on the ‘‘function’’
concept defined by (Mital et al., 2008) (i.e. the ability
of a product to do something (performance), safely,
reliably, in a usable, high-quality manner, with concern
for manufacturability and environment friendliness),
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Figure 1. The PSS design GuRu methodology (adapted from (Sassanelli et al., 2019a)).

the DfX’s abilities are the main principles by which the
function of PSS can be explained.
The section 2 has two phases. The design process
starts when a PSS concept is already available and, as
consequence, a first high-level integration has already
been defined among product and service features. Once
the ability(ies) (A) that a product has to reach out is
defined in phase 1 of section 2, an analysis should be
carried out to create, if is the case, new suitable guideline(s). Thus, in phase 2, design and technical requirements (DTR) are defined, representing the practical
and technical recommendations to be followed by
designers and engineers. Through the recommendations, the abilities can be achieved. The DTRs are
linked to the ability(ies) through degree of importance.
Based on this, guidelines should be formalized in text
format, explaining the relationship among abilities and
DTRs.
In the section 3, throughout two phases, the design
rules are created for the specific design project. The
methodology should guide the designer/engineer to
focus on the specific context of the company, considering the technical constraints and customer requirements. An extended version of the Function
Transformation Matrices (FTM) (Mital et al., 2008) is
employed to define and list the PSS features (PSSF)
and the lifecycle processes (LP). Going into more

detail, the related process variables (PV) are also
defined, such as components geometry, position, etc. A
series of FTMs, all following the same structure, is
adopted to document and gauge the relationships
among various constructs, such as:





PSS features (PSSF): the characteristics of the PSS
components to be considered to affect the DTR
expressed in the guidelines (Gu);
PSS Lifecycle Processes (LP): all the phases of the
PSS lifecycle (from the design to the disposal);
PSS Process Variables (PV): the variables that need
to be detected and managed since they affect the
LP. They can belong to any phase of the PSS
lifecycle.

The links established between PSS features (PSSF),
process variables (PV) related to the lifecycle process
(LP) and guidelines (Gu) (defined in section 2) are systematically turned into design rules (Ru). Their aim is
the ability-driven control of lifecycle variables to better
manage the design activities due to the introduction of
new services related to a physical product.
In the last section, the coherence of all the elements/
constructs considered during the design process is
checked. This supports designers and engineers to find
suitable connections between the guidelines (Gu) and
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the rules (Ru). For this aim, two customized XMatrices (Jackson, 2006) are employed. A first matrix
covers sections 1 and 2 of the methodology and a second matrix connects sections 1 and 2 to sections 3 and
3 of the methodology, aiming to verify the coherence
between guidelines (Gu) and Rules (Ru).

Research methodology
Case study procedure
The case study (Yin, 2009) presented in this paper was
conducted to show how to incorporate the consolidated
GuRuMeth in a PSS detailed design process, under the
KM perspective. A Brazilian company operating in the
food and bakery machinery sector was selected due to
three main aspects: (i) the great potentialities that PSS
design, and thus the adoption of this methodology, can
trigger in emergent economies; (ii) the high maturity of
the design process; (iii) its belonging to a different sector from previous applications of the methodology.
Compared to the previous application cases presented
in the literature, the case study proposed in this
research is quite different since the company involved
did not take part in the entire development process of
the methodology. Single case studies analysis have
some drawbacks related either to the inner issues of
methodological rigour, researcher subjectivity and
external validity or their reliability, replicability and
generalisability (Willis, 2014). However, the use of a
single-case study in this research is justified because it
is an in-depth case study and is based on a revelatory
case (Yin, 2009) (i.e. in a type of company previously
inaccessible, revealing additional information since it
activates different actors and mechanisms in the situation studied). The case study was conducted in two
steps. First, the company was prepared for the application through two presentations (the first aimed to
introduce the topic under analysis; the second presented the research context, the clarification of the
importance of incorporating the methodology in the
design process, the explanation of the sections and
phases of the GuRuMeth, the description of the supporting tool and an overview of results obtained with
previous application cases). A visit to the company’s
site was useful to better understand the company’s
business, structure, portfolio and product/service development process. In the second step, a face-to-face
workshop was organized for applying the methodology. Based on an interactive session of 8 h, the workshop was led by two researchers with the participation
of ten practitioners: the R&D Manager, eight Product
Designers/Engineers and a Service employee. After
assessing the company ‘‘as-is’’ situation, a design brainstorming was carried out to select the solution through
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which the methodology would be applied, based on the
analysis of the most typical and relevant issues detected
during the service delivery related to the company’s
products. The GuRuMeth was applied following the
sections and phases described in subsection 2.2. Useful
feedback about the approach were given by participants during both the application of the methodology
and a final discussion based on the questions: ‘‘Is it
easy to follow the methodology?,’’ ‘‘Does it needs some
new notion to be understood by a PSS designer/engineer?,’’ ‘‘Does the methodology follows, at least in some
parts, activities already conducted in the design process
of the company?,’’ ‘‘Would you change/add some aspects
to the methodology?’’. To maximize information capturing, the researchers collaborated on applying the methodology with the participants, guiding and facilitating
its application.

Case study context and design process
The Brazilian company, from now on named KlimPra
for confidentiality purposes, is a B2B leading manufacturer of commercial food and bakery equipment (professional ovens, freezers and baking machines) in South
America. KlimPra has been engineering and manufacturing high-speed ovens since 2007. With its headquarter located in Brazil, KlimPra has over 460 employees,
40 of them in R&D, and a state-of-the-art engineering
and manufacturing facility. Much more than just providing equipment, KlimPra aims to offer integrated
solutions and a pre- and post-sales support network
through several concessionaries spread throughout the
Brazilian territory (with the function of showrooms,
training for those who will use the machines, demonstration of how they work, tasting the food they produce with the machines and also offers spare parts and
maintenance). KlimPra’s design process is of high
maturity and well-established. This is the main reason
supporting the choice to incorporate the GuRuMeth.
All the product development teams (composed of
designers, mechanicals, engineers (concerning with food
performance), technicians in electronics and controllers) are coordinated by the product development manager and face different issues during the design process
concerning use and application; software and simulation; design, literature and interface; controls and electronics; certifications and reliability. Only Product
Data Management (PDM) and smart sheet are used to
streamline the process. Product Lifecycle Management
(PLM) systems are not used to support the product
development process, which is not fully integrated with
service development activities and other divisions of the
company.
To properly apply the methodology in the company,
Totem was considered for the PSS scope, that is a line
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of modular ovens, ideal for shopfronts because they
combine modern design, automation and thermodynamic technology. Totem was the product selected due
to the several issues already faced by the company during its installation. The main issues regarding the installation service of the product were: KlimPra installers
knew the procedures on how to install the single ovens
but installers were not consistently prepared to install a
combination of ovens in the Totem structure. The company also needed to adapt the solution to the restrictions derived from the installation environment in the
customer’s space. Considering the installation service to
be employed in the physical product Totem, the main
stakeholder considered was the installer. Indeed, the
product should be consistent with the installer’s needs
to effectively deliver the installation service.
Before the application of the methodology, the
design teams in KlimPra argued they did not use DfX
approaches. The Sequential Engineering approach was
most often used instead of CE. However, KlimPra
design teams claimed to face many issues with sharing
and transferring design knowledge between the different teams, roles and divisions of the company. As a
result, there was no integration between product and
service developments. No design knowledge was coded
and protocoled and all knowledge remained tacit in the
minds of designers.

Results: Guidelines and rules generation in
KlimPra
Guidelines and rules were generated through the application of the GuRuMeth to enhance the detailed design
of Totem by considering the installation service in the
sense of PSS. Preliminary setting activities to assess the
‘‘as-is’’ situation of the company design procedures
were performed (reported in Subsection 3.2), justifying
the choice of Totem installation as the unit of analysis.
The abilities (A) and design and technical requirements
(DTR) were useful for creating the guidelines (Gu).
Figure 2 depicts the results from section 2 of the methodology (from ‘‘solutions’’ in the bottom part of the
figure to guidelines, following a clockwise direction).
Eight abilities (related to the usability, testability, package disassembly, modularity and customizability) were
selected from the DfPSSu approach (Sassanelli et al.,
2016). Seven DTRs related to the installation service
were linked one by one to the ability(ies), also specifying the importance degree of the relationships (relationship degree: 1–2 (Low), 3 (Medium), 4–5 (Strong)).
Based on the identified links between abilities (A) and
DTRs, guidelines (Gu) able to guide the designer/engineer activities in the PSS design were formalized in text.
In this case study, among all the A-DTR relationships,
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only the links with a weight ‘‘5’’ were considered and
translated into guidelines (Gu) to find a trade-off
between the level of detail during the design phase and
the effort needed. Twelve guidelines were created,
which are listed in Figure 2.
Figure 3 presents the results from section 3 of the
methodology (from guidelines in the bottom part of the
figure to rules, following a clockwise direction). Ten
PSS Features (PSSF) were defined. They were those
characteristics of the PSS or its parts to be considered
to affect the DTR expressed in the guidelines (Gu).
They are all related to the installation service in the
sense of PSS and are described in Figure 3, for example, PSSF1—Temporary handlers to collocate items on
the totem; PSSF4—Checklist before installation to verify its correct operation; PSSF10—Electrical box for
different voltage. The degree of importance of the GuPSSF relationships was specified based on brainstorming (relationship degree: 1–2 (Low), 3 (Medium), 4–5
(Strong)). Then, the team moved the attention to the
PSS Lifecycle Process (LP), which represent all the
activities of the PSS Lifecycle (from the design to the
disposal phase). In particular, the lifecycle of this specific case was articulated in ten main phases, from the
concept to the disposal phase: LP1—Concept and
Design; LP2—Validation; LP3—Certification; LP4—
Internal Manufacturing; LP5—Test; LP6—Delivery;
LP7—Installation; LP8—Use; LP9—Maintenance;
LP10—Disposal.
After the definition of the PSS lifecycle in all its
main phases, a link between PSSF and Lifecycle
Process (LP) was defined (relationship degree: negative
impact from 25 to 21 (21,22 (Low); 23 (Medium);
24,25 (Strong)); positive impact from 1 to 5 (1,2
(Low); 3 (Medium); 4,5 (Strong)). The PSSF-LP relationship aided the team in understanding if the PSSF
brings benefits or efforts in each of the different phases
of the solution lifecycle. Design rules (Ru) were systematically developed and formalized based on the links
found in the previous steps. Among all the relationships between the 12 Guidelines (Gu) and 10 PSS
Features (PSSF) considered to enhance the new solution, only the links with a weight ‘‘5’’ were considered
to develop 15 new Design Rules, presented in Figure 3.
Among those Design Rules, 10 are directly related to
the installation phase.
For the identified guidelines and rules to be properly
stored in the tool, it is necessary to specify the product/
components to which they refer, the degree of importance regarding the relationship that support them and
the characterizing tags. To clarify, an example is presented in Table 1.
To check the consistency of the guidelines (Gu) and
rules (Ru) obtained through the methodology, the
X-Matrix tool was used by the team as a checkpoint.

Figure 2. The adapted X-Matrix Guidelines generation—KlimPra.
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Figure 3. The adapted X-Matrix Rules generation—KlimPra.
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Table 1. Example of design guideline (on the top) and of a design rule (on the bottom).
Guideline 2 (A7-DTR1) definition
Ability:
Guideline definition:
Applied to:
Linked to (product/component involved):
Importance degree:
Tags:

Design for Modularity.
Use visual cues for linking different modular components.
Specific product/s
Totem
High Importance
modularity; visual cues; connection

Rule 4 (related to Gu11)
Referring guideline
Rule Definition:
Abilities
Applied to:
Linked to (Product/component involved):
Importance degree:
Tags:

Gu11—Use visual cues for linking different modular components.
Ru4—Use pins in different positions for each layer as visual cues for linking
different modular components
Design for Modularity
Specific product/s
Totem
High Importance
Pin; layer; different positions

Two different X-Matrices were used, one referring to
section 2 of the methodology related to guidelines generation and the other related to section 3 for rules generation. Those X-Matrices were already presented in
the final form in Figures 2 and 3 (to support understanding). From Figure 2, it can be verified that at least
one guideline was developed for each ability. From
Figure 3, it is evident that at least one specific rule was
obtained from each guideline. Once guidelines and
rules are obtained, the company should understand
and define the convenience of adopting them, which
demands the analysis of trade-offs between the importance of the guidelines and rules and the effort required
to apply them. For example, Ru3 and Ru4 (Ru3—
Collocate pins in different positions for each layer to
improve installation speed and obtain a correct installation; Ru4—Use pins in different positions for each
layer as visual cues for linking different modular components) require huge efforts from the company at the
beginning and at the end of the lifecycle to give a
medium positive contribution in installation and use
phase: the weights are depending on the PSSF2 impact
on the different phases of the PSS lifecycle. In the same
way, Ru15 (Ru15—Provide an electrical box for different voltage to guarantee customizability of standards),
related to PSSF10, has very strong negative impacts at
the beginning (until the test phase included), giving
very good results in the installation phase and low
results in the use and maintenance phases. The contribution of Ru12 (Rule 12—‘‘Use locks on the corners
avoiding movements after installation to ensure stability’’), linked to PSSF7, is important in terms of certification (not only in installation, use and maintenance).
Ru5, Ru6, Ru7 and Ru13 have only positive impacts:
they are therefore very easy to implement.

Discussion
Quality of the PSS design GuRu methodology
The GuRuMeth and the supportive tool presented in
this study are an adaptable and flexible toolkit to ease
the detailed design process of an already existing PSS
(and the related KM process), also improving the quality of the PSS itself. The methodology supports companies in moving toward the design of PSS solutions
through the CE approach and in particular DfX
approaches. This is supported by both literature, traditionally stating that ‘‘DfX is one of the most effective
approaches to implementing CE’’ (Kuo et al., 2001: 1),
and participants, who agreed that ‘‘the proposed methodology could be a more efficient way to use DfX to
concurrently foster problem solving and effective KM’’.
Moreover, the participants stated that ‘‘the methodology gives to the design team an organized mindset during its work, X-matrices give a very large overview of
all the aspects and issues in the design project and the
repository (of guidelines and rules) is useful to structure
this knowledge for the future’’.

Multidisciplinary design team to promote knowledge
management
The design team must be multidisciplinary (Chasanidou
et al., 2014; Seidel and Fixson, 2013), composed by
product designers, service designers, system developers,
design and engineering manager and also, eventually,
by employees from other divisions of the company and/
or of the network contributing to realizing the new
solution (Figure 4). Indeed, the participants stated that
‘‘the heterogeneity of the design team is important’’.
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Figure 4. Multidisciplinary design team fostering CE in PSS detailed design.

Usually, engineers only think about the design problem and do not structure the engineering process in a
systematic way, that instead the methodology promotes. Much information declared during brainstorming is not usually formalized but can be systematized
through the methodology. Sometimes, when getting
new data and information, the design team is not able
to see the whole picture without a tool that supports
this. Through the use of X-Matrices, the methodology
provides a valuable way to promote the visualization of
the entire picture. It also provides hints on what is easy
or requires effort to be implemented during the PSS
design and what is the impact throughout the different
phases of its lifecycle (which is unusual and not simple
to do during brainstorming). In addition, the design
team needs the discipline to follow the methodology
and to consider the different elements that compose it
in an organized way. At the beginning of the application of the methodology at KlimPra, the team was trying to detect the DTR. However, at the same time, the
team was already concerned with defining the PSSFs
for the enhancement of an ability. Proceeding with the
phases proposed in the methodology, the team had the
opportunity to detect all the DTRs and also all the
PSSFs linked to them. Going directly to the PSSFs
detection, some ideas (in the DTR detection) can get
lost without being able to be tracked.

Knowledge management supported by the PSS
design GuRu methodology
KM approaches and tools are needed as strategic elements capable to generate, use and reuse knowledge
under different forms of guidelines and rules. The PSS
design process should be overseen by a project team
operating in ‘‘creative chaos’’ (Nonaka, 1994). A methodology’s procedure to be followed is also necessary to
create explicit and consistent knowledge (following the
principle of the so-called ‘‘requisite variety,’’ which
refers to the construction of information process channels that correspond to the information load imposed
by the environment (Nonaka, 1994)). Accordingly, a

critical factor, from a KM perspective, for fully exploiting the results obtained through the GuRuMeth is the
need to follow the ‘‘requisite variety’’ principle. Tags to
protocol guidelines and rules, such as those presented
in Table 1, and the correct use of the tool’s search function in the design process can be very useful to strike
an equilibrium between the creation and the processing
of information to avoid redundancy. The adoption of
hypertext-organizations (Nonaka, 1994) (introduced in
sub-section 2.1) is not mandatory for the practical
application of the methodology and the related tool.
However, it would strongly foster its correct use
because it combines the efficiency and stability of a
hierarchical bureaucratic organization with the dynamism of a cross-functional task-force organization.
During the application of the GuRuMeth, the multidisciplinary design team represented the task-force, creating new knowledge through creative chaos and
redundancy of information (which, in this case, is
essential to speed up the detailing of a concept, considering that a concept created by an individual or a group
usually needs to be shared with others who may need
to use the concept immediately). The design manager
(in charge to verify and approve knowledge generated)
embodies the hierarchical bureaucratic organization,
more efficient in acquiring, accumulating and exploiting knowledge (avoiding redundant, obsolete and
worthless knowledge in the database). Going back to
the case study, the participants declared that a consistent design knowledge protocol (following the sections
and phases of the methodology) and a logical tool, such
as the X-Matrices, can be very important to facilitate
the collaboration between the participants of a design
team, to ensure the information alignment between the
users and to consolidate and share the knowledge to be
used whenever a design modification on the design
project is necessary. Participants also declared that the
use of the methodology and of the related tool can be
useful, with filters and tags, to allow employees to
effectively search and find the desired knowledge. This
avoids wasting time and effort in the design phase and
fosters collaboration.

Sassanelli et al.

Decision-making from the application of the PSS
design GuRu methodology
The X-Matrices (Figures 2 and 3) give a broad and
consistent overview of important aspects of the design
project (abilities, DTRs, guidelines, PSSF, lifecycle processes and rules). The repository proposed through the
use of methodology is useful to structure the knowledge
for future design projects. Under this perspective, the
X-Matrices are valuable starting points for KM and
the use of IT tools (such as the LDRT) can further
improve the effectiveness of the KM and support the
creation of DfX manuals to be shared and used by the
design team. Conventional organizational structures
are not sufficient to meet all the demands related to the
KM. Some considerations and trade-offs (importance
of guidelines/rules versus the required effort to implement them) can be triggered by analyzing the results
obtained. The X-Matrix in Figure 3 presents, based on
the relationship degrees, which are the rules that
require a minimum effort and give a good result for the
company (e.g. Ru5, Ru6, Ru7, Ru13). It also presents
those rules which require great efforts and may not
provide satisfactory results (e.g. Ru3, Ru4, Ru15). The
participants argued that KlimPra’s design team always
faces the problem of implementing a decision that
requires huge effort but only promotes minimum
results. The X-Matrices can help prevent this issue by
notifying the design team early in the design process. In
particular, the relationship between PSSF and LP provides the team with the effort and difficulty of following a certain rule throughout the PSS lifecycle. On the
other hand, the GuRuMeth can suggest what the
design team should implement in the PSS design and
which rule can give the best effect.

Comparative analysis of the application of the PSS
design GuRu methodology
With regards to the application of the methodology in
the specific company presented in this study, compared
to the previous applications, some similarities can be
observed. In general, participants pointed out the tradeoff between the time required to complete the application, which can affect their daily activities, and the level
of detail when a design project has a great number of
requirements. The discussion of the degree of importance between variables should consider the efforts and
time employed, the consistency of results to be achieved
and the complexity in managing a great number of
guidelines and rules that can be generated through the
methodology. From all the applications, it emerged the
importance of determining who is in charge of protocolling the knowledge generated and if the systems used to
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store information provide a structured and traceable
way to retrieve the guidelines and rules.

Conclusion
This study presented a detailed case of development
and integration of a service feature—the installation
service—to a product in the PSS scope. More than that,
it has been presented how to incorporate the CE-driven
DfX approach, through the GuRuMeth, into the PSS
detailed design process as a valuable way to promote
the KM. Unlike previous methodologies, the
GuRuMeth goes beyond the conceptual phase of a PSS
design process, supporting practitioners to conduct a
CE-driven PSS detailed design. In particular, this study
focused on the practices needed to be implemented in
the company and the organizational structure required
to foster the adoption of such a methodology from the
KM perspective. As a result, the GuRuMeth proved to
be robust in supporting KM by enabling the design
team to capture the information declared during brainstorming and generating consistent and explicit knowledge, in the shape of guidelines and rules, during the
PSS detailed design. The adoption of the hypertextorganization can favor the methodology application
when combining dynamism and stability in the design
process. The methodology has great potential to support not only the balance between bureaucratic and
dynamic aspects of an organization but also the coordination between the knowledge created, the efforts
required to implement them and the satisfaction of the
results that can be achieved. It has to be said that cohesion and discipline in a multidisciplinary design team is
needed to apply the methodology, in which designers
and engineers act by creating knowledge through creative chaos and the design manager supports to avoid
bureaucratic issues and worthless knowledge. At this
purpose, the use of design knowledge protocols and of
consistent tools (as the X-Matrices, filters and tags) can
promote the visualization of the whole picture related
to the PSS detailed design, facilitating the search and
acquisition of the desired information.
From the theoretical perspective, this study advances
the discussion of PSS detailed design, demonstrating
the value of employing DfX approaches and validating
the acceptance/applicability of the methodology in a
different sector from previous ones. In particular, it
analyzes the synergy between the use of the GuRuMeth
and KM to enhance the PSS detailed design. From the
practical perspective, it presents an adaptable methodology that can be employed by practitioners to move
toward the servitization/PSS design, able to consolidate
and improve the quality of PSSs and to generate consistent design guidelines and rules. Aspects to be
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considered by practitioners applying the methodology
are also raised, for example, the time and the level of
detail versus number of requirements.
The main limitations of this study are pointed out in
two aspects. First, the methodology has been applied
to only one case. At this purpose, although the external
validity of this study is limited, the findings can be analytically generalized. Secondly, the methodology has
been applied only in B2B companies and only to
product-oriented PSSs. Future research shall apply the
methodology to use- or result-oriented PSS and in companies that offer solutions directly to customers (B2C).
Other proposals for future research comprise the use of
methodology with digital- and circular-oriented solutions to generate knowledge in more complex systems,
promoting the digitization and circularity of PSS business models.
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