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ABSTRACT

Goal: Present a holistic perspective of methods and tools for the development of Product Service
Systems (PSS).

Design / Methodology / Approach: The investigation was conducted in two phases. The first phase
presents bibliographic and bibliometric analyses, where 132 papers were read in full. In the second
stage, of conceptual development, bibliographic data was grouped and validated by PSS specialists
through a questionnaire, whose responses were used to conceptualize a model for PSS development.
Results: Elaboration of a concept of a model for the development of Product-Service Systems,
capable of providing guidance for all stages of its life cycle.

Limitations of the investigation: The proposed model was applied to the bike sharing business
model. However, a limitation was the lack of some information regarding this case to apply some
methods and tools proposed in the conceptual model.

Practical implications: The model developed can be used as a guideline for the elaboration or
improvement of a PSS proposal, since it provides structure and control to the business models.
Originality / Value: The paper demonstrates its originality and relevance by presenting a model centered on
a holistic approach, as it provides a perspective of the whole PSS life cycle. Thus, processes are planned and
analyzed from the definition of requirements to the destination after use of the PSS.

Keywords: Product-service System; Conceptual Model; Life Cycle; Methods and Tools.

INTRODUCTION

Product-Service Systems (PSS) are defined as integrated systems of products, services, network of
actors and infrastructures, which aim to generate value and satisfy customers' needs (Goedkoop et al.,
1999). The implementation of a PSS can bring several benefits to business propositions, such as increased
competitiveness (Tukker, 2015) and improved socioeconomic performance (Baldassarre etal.,, 2020).
However, to ensure the sustainability of PSS business proposals, it is essential to adopt a systemic
perspective (Franca et al., 2017), considering the entire life cycle of products and services. Beuren et al.
(2017) corroborate this assertion by proposing a conceptual model for the characterization of a Product-
Service System based on its life cycle, comprising the stages of requirements definition, development,
implementation, monitoring, and destination after use.

Several PSS solutions have been discussed in the literature. One example is the Bicycle Sharing
System (BSS) (Beuren et al., 2017), representing a “green” transportation mode (Zhang et al., 2015),
since BSS's reduced environmental footprint is one of the reasons for its rapid growth in popularity
(Bonilla-Alicea et al., 2020). However, PSS business proposals need a holistic perspective, in which the
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use of methods and tools contribute to the fulfillment of the requirements of a Product-Service
System (Beuren et al., 2013).

As for the development of conceptual models and the use of methods and tools to support PSS
proposals, Frederiksen et al. (2021) present an approach composed of a method and a tool to assist
in the early stages of development of new PSS business models, applying the approach in a Danish
manufacturing company. Furthermore, Sakao et al. (2020) propose a model, a method, and a tool,
which support the conceptual design of PSS proposals. First, a PSS family model is presented and
implemented as a complement to the Computer-Aided Design (CAD) tool. Next, a method based on
the model and lean manufacturing is developed. Thus, the proposed model, method, and tool were
shown to be effective in describing key elements of PSS design (Sakao et al., 2020).

It is observed that the literature does not present a comprehensive view of the entire Product-
Service Systems life cycle, as methods and tools are proposed only for some stages of the cycle,
usually the early ones. Moreover, PSS is still adopted in a limited way (van der Laan and Aurisicchio,
2020), and there are few works in the literature that present its full development process (Kim and
Lee, 2020). A possible reason for this limitation in PSS development is that models, methods, and
tools (Tokarz et al., 2020) that help meet customer needs (Pezzotta et al., 2015) do not provide
practical guidance to industry practitioners (Tran and Park, 2016a).

Therefore, it is essential to investigate the development of approaches that can satisfy the
requirements of a PSS (Beuren et al., 2013) and adapt them to different scenarios considering the entire
Product-Service System life cycle (Matsas et al., 2017). In view of this, the goal of this paper is to present
a holistic perspective of methods and tools for the development of Product Service Systems.

RESEARCH METHODS

The research was conducted in two main phases, as presented in Figure 1. The first phase conducted
a literature review in order to define the research goal, through bibliometric and bibliographic analysis,
which allowed to rescue collective insights based on the theoretical synthesis of existing studies
(Reim et al., 2015). The second phase was conducted with the aim of proposing the concept of a model
for PSS development, based on its entire life cycle. Aiming at validating the model, a questionnaire was
applied with PSS specialists, and their responses were used for feedback on the model.
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Figure 1. Research methods.

Overview of the
feedback model

Source: Authors.

Brazilian Journal of Operations & Production Management, Vol. 19, No. 3, €20221227, 2022

2/19



Methods and tools for the development of a Product-Service System: a holistic perspective

Phase 1 of the research: literature analysis

A bibliographic search was initially conducted in Scopus and Web of Science databases
(Chadegani et al., 2013). The keywords displayed in Figure 1 were searched as topics on
papers, limiting the search to articles from 2008 to 2017. The search encountered 196 non-
duplicated files.

As bibliometric analyses allow objective studies of literature and the comprehension of
intellectual foundations, they emerged as a technique to assist directing the research. Co-
citation of references, specifically, connect documents and reflect the state of the field,
congregating researches considered relevant by those who publish on the subject (Zupic and
Cater, 2015).

Therefore, a co-citation of references analysis was performed in VOSviewer® software.
The software only allows analysis from one database, so Scopus was chosen as it gathered
more papers when compared to Web of Science. The analysis was performed with 183 articles
and 8097 references. With a minimum number of eight citations of a reference, 12 researches
were found to meet the parameters. The bibliometric results presented an opportunity to
conceptualize a model for PSS development, which was also expressed as a gap by Cavalieri
and Pezzotta (2012) and Tran and Park (2016b).

The title, abstract, and keywords of the 196 researches found in the literature search were
read, and 87 articles were selected to be read in full. This sample formed the basis for the
development of a conceptual model, allowing the identification of methods and tools
(Pezzotta et al., 2015), which were gathered in tables and are presented in the results section.

Phase 2 of the research

Conceptual development and application in a case study

Through phase 1, methods and tools related to the development of product-service
systems were identified in literature and classified according to the stages of the PSS lifecycle
they referred to and the number of citations in the literature. For the elaboration of the
conceptual model, methods and tools cited seven or more times were considered, and thus
12 were selected. Although some are used in more than one phase of the cycle, their
contributions are distinct for each step.

To analyze the proposal's feasibility, it was tested in a theoretical case study. The methods
and tools presented were employed in a bike sharing business proposal (use oriented PSS),
resulting in improvements in the model to make it more appropriate for the development of
product-service systems. With the case study application, a model for PSS development was
conceptualized.

Questionnaire and statistical analysis

The questionnaire used in the survey to analyze the concept's feasibility (Labbate et al.,
2021) was prepared through Google Forms® (Chandra et al., 2019). In order to analyze the
influence of the methods and tools on the phases of the PSS lifecycle, we selected a semantic
Likert scale with five gradations. Likert scales are easy to apply and facilitate the arrangement
of respondents' answers, increasing efficiency in data collection (Chen and Yu, 2020).

To ensure greater credibility of the data obtained from the questionnaire, opinions of
specialists in Product-Service Systems were considered. ORCID (Open Researcher and
Contributor ID) and Lattes Curriculum platforms were used to select 200 specialists.

Data obtained through the questionnaire (with a return response of 20.5%), was analyzed
through the Statistical Package for the Social Scienses® (SPSS) software. SPSS is a complete
and widely employed statistical software (Qi et al., 2020), and for this study, the descriptive
and factorial analysis of data were listed.

To verify if the data was adequate for the factor analysis, the Kaiser-Meyer-Olkin (KMO)
test was performed and the Cronbach alpha coefficient was analyzed. The KMO test analyzes
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the accuracy and strength of factor analysis (Karabagias et al., 2020). Results above 0.7 are
considered satisfactory (Fadheel et al., 2018). Cronbach's alpha coefficient is used to check the
level of data consistency (Yaduvanshietal., 2019) and the reliability of the measurement
instrument (Duran and Condori, 2019). Its results should also be above 0.7, indicating
statistical significance (Coskun et al., 2019).

Model fFeedback

With the information obtained through opinions and suggestions of the specialists and
statistical analyses, the conceptual model was retro-fed with the aim of making it more
appropriate for the development of product-service systems. A new application in the
theoretical case study was conducted to analyze the feasibility of the methods and tools
included in the model.

The model was synthetized considering the phases of the PSS lifecycle, represented as A,
B, C, D and E (Table 1). Methods and tools are identified with the letter corresponding to each
lifecycle stage in Table 1 and numbered sequentially, following the example of phase A:
definition of requirements. The methods and tools of this life cycle phase are represented as:
A1, A2, ... A11, and their contributions are used in stage B, development of a PSS.

The Failure Mode and Effect Analysis (FMEA) method was adopted in the conceptual
model as a tool gate, employed between the lifecycle phases. According to Rozenfeld et al.
(2006) the stage gate approach consists of a set of phases and decision points that represent
a development process.

The number of methods and tools initially gathered for the model (phase 1), those added,
those excluded (based on specialist opinion and statistical analysis), and finally shown in the
feedback model (phase 2), are presented in Table 1.

Table 1. Methods and tools.

. Initial Final
Index Lifecycle phase (e Added Excluded (phase 2)
A PSS Req.w.rgments 3 6 3 11
Definition
B PSS Development 8 3 3 8
C PSS Implementation 7 3 3 7
D PSS Monitoring 5 3 4 4
E PSS Destination After 6 1 4 3

Use

Source: Authors.

RESULTS AND DISCUSSIONS

Results and discussions from phase 1

Figure 2 shows the reference co-citation network, formed by 12 nodes - the papers that
met the defined parameters (step described in the methodology - Phase 1 of the research). It
is important to point out that we were not able to edit the source document for VOSviewer®,
so the research of Mont (2002) shows up in both clusters in Figure 2.
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Figure 2. Co-citation of references network.
Source: Authors.

The most relevant papers of Cluster A (red) and Cluster B (green) were gathered on Table 2.
These are the papers with the strongest citation links in the network. Works in both clusters are some
of the first researches on the PSS subject.

Table 2. Clustering for co-citation of references.

Cluster Reference Article Link strength
(Mont, 2002) Clarifying the concept of product-service system 23
(Oliva and Kallenberg, . " )
A 2003) Managing the transition from products to services 21
(Vandermerwe and Servitization of business: adding value by adding services 19
Rada, 1988) g Sening

Lifecycle oriented design of technical Product-Service

(Aurich et al., 2006) Systems 36

Eight types of product-service system: Eight ways to
B (Tukker, 2004) sustainability? Experiences from SusProNet 32
(Morelli, 2006) Developing new product service systems (PSS): 31

methodologies and operational tools

Source: Authors.

Researches in cluster A are Introductions to Servitization. The researches here
comprehended express the importance of servitizing a business model. Vandermerwe and
Rada (1988) present the concept of servitization, describing customers' desires as drivers to
the process and indicating the competitive benefit of integrating services in product offers.
Oliva and Kallenberg (2003) study companies' transition from product to product-service
offers, highlighting necessary organizational changes. Mont (2002) explores the concept of
product-service systems, linking it to servitization and functional economy. Benefits to
companies, consumers and the environment are presented, as are initial challenges
businesses could encounter.

Cluster B is an Introduction to PSS Development. Tukker (2004) explores existing types of
PSS, discusses environmental and economic characteristics of each, and presents challenges
and directions to implement a PSS. Aurich et al. (2006) explore the modelling of product-
oriented services, focusing on planning the development. Morelli (2006) proposes some tools
to be employed on PSS development, concentrated on actors' responsibilities. The author
declares that the work “is only the very first step to support a PSS design process”.

These are important studies on the PSS field, which were carried out throughout the years in
researches such as Baines et al. (2007), Beuren et al. (2013), and Tran and Park (2016b). The theme
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discussed in Cluster B was presented in several other researches (e.g. Geum and Park, 2011; Trevisan
and Brissaud, 2016; Haber and Fargnoli, 2017). While authors (Pezzotta et al., 2015) express the
importance of organizational changes, customer driven processes and “suitable models, methods
and tools” to be employed in PSS development, others (Tran and Park, 2016a) manifest the lack of
practical models to be employed by companies' on this process, especially considering the whole
lifecycle of a product-service system (Aurich et al., 2006; Baines et al., 2007).

These conclusions underline an opportunity for this research. In order to propose the
concept of a model for PSS development, methods and tools to assist development were
gathered from literature and classified according to the PSS lifecycle stage they attended. It is
interesting to develop a PSS combining different approaches (Tokarz et al., 2020), considering
its entire life cycle (Beurenetal.,, 2013), thus facilitating strategic decision making and
adaptation to an increasingly dynamic and complex labor market (Guan et al., 2017).

Besides the 87 papers read, more extensive publications were gathered from Brazilian
literature. The sample included 13 doctoral dissertations and 32 master theses, resulting in
the analysis of 132 researches in total. Table 3 presents a synthesis of the bibliographic
information in order to suggest methods and tools to support the stages of the life cycle of a
PSS. Table 3 also shows the number of citations and references to these methods and tools.

Table 3. Methods and tools for the conceptual model.

Lifecycle Stage = Methods and tools n° Citations References
(Morelli, 2009; Ribeiro, 2011; Cavalieri and
Quiality Function 21 Pezzotta, 2012; Mazo, 2012; Yoon, Kim and
Deployment (QFD) Rhee, 2012; Pezzotta et al., 2016; Haber and

Fargnoli, 2017)
(Magnago, 2011; Ribeiro, 2011; Geum and

Service Blueprint 21 Park, 2011; Lim et al., 2012; Kim et al., 2015;
Haber and Fargnoli, 2017)
Business Model 14 (Franca et al., 2017; Haber and Fargnoli, 2017;
PSS Requirements Canvas Fukushima, 2018)
Definition IDEFO 13 (Morelli, 2009; Durugbo et al., 2011;

Kim et al., 2015)
(Beuren, 2011; Magnago, 2011; Costa Junior,

SWOT Analysis 12 2012; Hoss, 2014; Alvarenga Netto, 2015;
Fukushima, 2018)
Brainstorming 11 (Hoss, 2014; Jorge, 2017)
(Beuren, 2011; Kim et al., 2015; Fukushima,
Storyboard 10 2018)
FMEA 7 (Haber and Fargnoli, 2017)

(Magnago, 2011; Ribeiro, 2011; Costa Junior, 2012;
Mazo, 2012; Kim et al., 2015; Marques, 2018)
(Magnago, 2011; Ribeiro, 2011; Geum and
Service Blueprint 21 Park, 2011; Costa Junior, 2012; Yoon et al.,
2012; Pezzotta et al., 2016)
(Beuren et al., 2010; Geum and Park, 2011; Costa
System Map 17 Junior., 2012; Lim et al., 2012; Bertoni et al., 2013;
Hoss, 2014; Amaral et al., 2017)
(Durugbo et al., 2011; Ribeiro, 2011; Bertoni et al.,
2016; Trevisan and Brissaud, 2016)
(Cavalieri and Pezzotta, 2012; Tran and Park,
2014; Haber and Fargnoli, 2017)
SWOT Analysis 12 (Ribeiro, 2011; Costa Junior, 2012)
(Ribeiro, 2011; Geum and Park, 2011; Costa
Junior, 2012; Hoss, 2014)
(Magnago, 2011; Cavalieri and Pezzotta, 2012;
Yoon et al., 2012; Haber and Fargnoli, 2017)

QFD 21

PSS Development IDEFO 13

Service CAD 13

Storyboard 10

FMEA 7
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Table 3. Continued...

Lifecycle Stage = Methods and tools n° Citations References
QFD 21 (Kim et al., 2015)
Service Blueprint 21 (Ribeiro, 2011)
System Map 17 (Beuren et al., 2010; Amaral et al., 2017)
PSS Implementation IDEFO . 13 (Durugbo et al., 2011)
SWOT Analysis 12 (Durugbo et al., 2011)
Storyboard 10 (Hoss, 2014; Menezes, 2017)
EMEA 7 (Magnago, 2011; Cavalieri and Pezzotta, 2012;
Yoon et al., 2012; Pezzotta et al., 2016)
Service Blueprint 21 (Ribeiro, 2011)
IDEFO 13 (Durugbo et al., 2011; Trevisan and Brissaud,
L. 2016)
PSS Monitoring SWOT Analysis 12 (Alvarenga Netto, 2015)
Storyboard 10 (Hoss, 2014; Fukushima, 2018)
FMEA 7 (Yoon et al., 2012; Pezzotta et al., 2016)
IDEFO 13 (Durugbo et al., 2011)
SWOT Analysis 12 (Alvarenga Netto, 2015)
N A Storyboard 10 (Hoss, 2014)
PSS Destination FMEA 7 (Pezzotta et al., 2016)
After Use .
Reverse logistics 7 (Ribeiro, 2011)
M TLAE LTS 7 (Widera and Seliger, 2015; Anacleto, 2017;

Marques, 2018)

Source: Authors.

These methods and tools have been studied and used to develop the concept of a model
for the development of PSS, presented in the following sections.

Results and discussions from phase 2

The model overview is presented in Figure 3. The PSS lifecycle phases are listed as A, B,
C, D and E (see Table 1). FMEA is presented as a tool gate on F12, F21, F29, F34 and F38.

[ ] [2] o [o] s

Legend: —— Information flow
_,, Information flow (return to
A: PSS requirements defiition start of cycle)

B: PSS development
‘:] C: PSS implementation I:l iMethods andl fools
D: PSS monitoring
E: PSS destination after use <> P oo anabys)

Figure 3. Overview of the feed-back model.
Source: Authors.

The following sections show the feedback of the conceptual PSS development model,
presented according to the phases of its lifecycle. Using the methods and tools in the sequence
proposed by the model ensures the best performance of each step and greater assertiveness
in the processes.
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PSS Requirements Definition

To start the development of a PSS by identifying consumer needs and transforming them
into requirements, the feedback model for this life cycle stage (see Figure 4) provides a
compilation of methods and tools capable of assisting the processes involved in PSS

requirements definition.

PSS REQUIRIMENTS DEFINITION

Al - RE-FRAMING

A2 - EXPLORATORY
RESEARCH

@’ Prablem 1
M Problem 2

@I Problem 3

A6 - ANALYTIC HIERARCHY PROCESS

(AHP)
IDEA1 | IDEA2 | IDEA3 | IDEA4 | IDEAS

IDEA 1 1 1/2 3 3 1

IDEA 2 2 1 3 4 1 <j
IDEA 3 13 1/3 1 1 1/2

IDEA 4 1/3 1/4 1 1 4

IDEAS 1 1 2 1/4 1

TOTAL 4,67 3,08 10,00 5,25 7,50
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rt e /- N\ B Q
i ey @Gt
AND SERVICES - |II 2068 | ..,J} pu
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S
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Figure 4. Retro-fed model for the PSS requirements definition step.

Source: Authors.
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For the survey of customer demands and needs, PSS specialists suggested the inclusion
of Design Thinking methods and tools, capable of enhancing organizational innovation
through deep customer understanding, user feedback testing and futuristic thinking
(Joachim et al., 2020). Aiming at collecting information and planning studies, the tools of
Design Thinking, Re-framing and Exploratory Research (Woloszyn et al., 2018) (methods and
tools A1 and A2, respectively, in Figure 4), were added to the conceptual model.

To assist in generating business ideas, Brainstorming and Affinity Diagram are presented
in the model. Brainstorming (A3 method in Figure 4) was proposed in phase 1 of the research,
presenting 11 citations in the literature suggesting its use. Thus, specialists’ evaluations and
reasonable results in the statistical analysis guaranteed the maintenance of these methods
and tools in the feedback model.

Affinity Diagram (A4), as well as Re-framing and Exploratory Research methods, was added as a
suggestion by specialists as a Design Thinking tool capable of assisting the ideation stage, problem
solving and identification of client demands (Suzianti et al., 2020). Brainstorming and Affinity Diagram
are presented as a choice option in the model. However, we suggest the application of both methods,
since they complement each other (Suzianti et al., 2020).

Specialists highlighted the importance of understanding the business value proposition
before departing to use tools such as Business Model Canvas. Thus, to broaden the
understanding of customer needs, Empathy Map (Suzianti and Arrafah, 2019) (A5) was
included. The Analytic Hierarchy Process (AHP) (A6) was added to the model for its efficiency
in screening ideas during the innovation process (Huang et al., 2020), through a rational and
comprehensive structure (Al-Dawalibi et al., 2020)

The inclusion of Value Proposition Canvas (A7) occurred due to specialists’ suggestion. This
tool establishes a connection between Empathy Map (A5) and the fields of Business Model
Canvas (A8) (Gierej, 2017), and represents the products and services involved in the business
proposal, aiming at generating significant results to meet customer's needs (Hajiheydari, 2019).

Business Model Canvas (A8) was proposed in phase 1 of the research, where fourteen
researches suggested its application in PSS development. Satisfactory results in the statistical
analysis, maintained the tool in the feedback model, offering a simple and effective graphic
representation, capable of improving the organizational logic to create, offer and capture value
(Scaramuzzi et al., 2020).

Specialists pointed out that some tools presented in phase 1 of the research have very
similar characteristics related to the categorization and hierarchization of requirements,
highlighting IDEFO and QFD. In view of this, QFD (A9), IDEFO (A10) and Storyboard (A11) were
represented in the model allowing the selection of one option for application. These tools had
already been presented in phase 1 of the survey, and given their satisfactory results in
statistical analysis, their applications in this stage of the PSS life cycle were maintained.

Meanwhile, SWOT, Service Blueprint and FMEA were removed from the PSS requirements
definition phase and transferred to other life cycle stages. PSS specialists suggested removing
SWOT analysis and replacing Service Blueprint with Product-Service Blueprint. Finally, the
model was fed back to the requirements definition stage of a PSS (Figure 4).

PSS Development

To assist in extracting information for the development of a PSS based on the
requirements established in the previous life cycle phase, the model was fed back for the
development stage (Figure 5).
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PSS DEVELOPMENT
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Figure 5. Retro-fed model for the PSS development step.
Source: Authors.

In order to obtain information on the main processes involved in developing a PSS, QFD
(tool B13 in Figure 5), IDEFO (B14) and Storyboard (B15) are initially proposed. As justified in
the requirements definition step, these tools are presented as options due to the similarity in
their contributions, as they can all model the processes of the development step, ensuring
better understanding and improvements. These tools, presented in phase 1 of this research
and with satisfactory results in the statistical analysis, were maintained in the feedback model.

PSS experts suggested the inclusion of methods and tools related to the degree of
stakeholder involvement and capable of capturing value for the business proposal. Thus,
the Polarity Diagram (B16) (Vezzoli, 2010) was included in the model, making it possible
to analyze the involvement of stakeholders in the system (Bacchetti et al., 2016), guiding
conceptualization and innovation at the systemic level (Costa Junior et al., 2010).

Service Blueprint was the tool best evaluated in the statistical analysis, presenting the largest
mean and the smallest standard deviation in most stages of the PSS life cycle, representing
convergence in the opinions of the respondents in the survey. However, Service Blueprint was
suggested to be replaced by Product-Service Blueprint (B17) and used before System map tool. This
is justified by the need to map the processes at this stage of the life cycle before defining partners
and distribution flows for products and services.

Service Blueprint is intended for service design, and its application in PSS isn't
recommended, as it fails to address some factors considered essential in developing a PSS
(Yoon et al, 2012). Therefore, Geum and Park (2011) add new lines, areas and symbols to
Service Blueprint and propose the use of Product-Service Blueprint, a systemic structure that
represents the relationship between products and services, valuing sustainable consumption
and production (Geum and Park, 2011).

In phase 1 of this research, System Map (B18) was already proposed, presenting 17 citations in
the analyzed bibliography. As it obtained satisfactory results in the statistical analysis, corresponding
to the variable with the lowest standard deviation (greater convergence in the specialists' responses),
its use was maintained in the feedback model.

Although Service CAD (B19) obtained average results in statistical analysis, its use was
maintained due to the suggestion of specialists to include prototyping (B20) to the retro-fed model.
Service CAD generates virtual prototypes, capable of integrating design, modeling and optimization
stages of the system (Arias-Rosales and Osorio-Gémez, 2020).
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The methods and tools removed in the feedback of the development stage were SWOT
analysis, FMEA and Service Blueprint. Statistical analysis pointed SWOT analysis as the variable
with the smallest average in the dimension.

As in the requirements definition step, the use of FMEA in PSS development was
contested by some specialists. However, the factorial analysis pointed FMEA as the
element that best explained the requirements definition and development dimensions
of PSS, with variances of 39.0009% and 32.049%, respectively. Given that FMEA can
identify possible failures and develop measures considering aspects of products and
services (Kimita et al., 2018), we decided to include it among the stages of the life cycle
as a tool gate. The model was then fed back for the PSS development phase (Figure 5).

PSS Implementation

Methods and tools capable of assisting processes involved in implementing a PSS, such
as identifying characteristics of how the PSS should be used by the consumer, are presented
through the feedback model for the implementation phase of a PSS (Figure 6).

PSS IMPLEMENTATION
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Figure 6. Retro-fed model for the PSS implementation step.
Source: Authors.

Considering the information obtained from the application of the development methods
and tools, the PSS is implemented. Specialists in PSS have pointed out the need to include
methods or tools for experimentation in process optimization. Thus, the feedback model
initially proposes the use of Minimum Viable Product (C22 in Figure 6), which is able to
promote the implementation with sufficient resources only to meet the initial requirements
of the customer, in order to generate feedback for the next stages of the life cycle (Perez-
Vidal et al., 2019).

Storyboard (C23), QFD (C24), IDEFO (C25) and BPMN (C26) are presented in the model as
options for the selection of one. Storyboard, QFD and IDEFO had already been proposed in
phase 1 of the model. As they obtained reasonable results in statistical analysis and weren't
questioned by specialists, their application in the feedback model was maintained. BPMN tool
was included in the model due to the suggestion of specialists to use project management
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approaches, and to its capability of describing behavior and interactions of inter-
organizational processes (Corradini et al., 2020).

System Map (C27) was the variable that obtained the greatest variance in factor analysis
(51.42%), corresponding to the tool that best explained PSS implementation. Thus, it was
maintained in the feedback model, enabling coded and progressive representation of
processes and actors, highlighting their interactions in the system (Sousa-Zomer and Cauchick
Miguel, 2018).

Finally, the model proposes to use Product-Service Blueprint (C28), which presented the
highest average for both requirements definition and development stages of a PSS lifecycle.
The variable also obtained the lowest standard deviation, representing the highest level of
agreement among the respondents. At this stage of the PSS lifecycle, Service Blueprint tool
was also replaced by Product-Service Blueprint, which is more suitable for product-service
systems.

As in the development phase of a PSS, the tools removed in the feedback of the
deployment phase were SWOT analysis, FMEA and Service Blueprint. Thus, the model was
feedback for the deployment phase of a PSS (Figure 6).

PSS Monitoring

Given the information obtained from the implementation phase, the methods and tools
presented through feedback from the conceptual model to the monitoring phase of a PSS
(Figure 7) offer support for making improvements to the system in order to continuously
satisfy the consumer.
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Figure 7. Retro-fed model for the PSS monitoring step.
Source: Authors.

At this stage, methods and tools aimed at identifying improvements in the system are
proposed by the feedback model. Initially, IDEFO is presented (D30 in Figure 7), capable of
collecting information and monitoring the system (Ovchinkin et al., 2019). As it obtained
satisfactory results in statistical analysis, its feasibility was maintained at this stage of the life
cycle.

PSS experts suggested that specific methods and tools for the monitoring phase were
included to optimize the processes. Benchmarking (D31) was thus included in the feedback
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model, given its ability to improve service delivery through comparative analysis with leading
companies in the area (Reim et al., 2019).

SERVQUAL (D32) was added due to the specialists' suggestion to evaluate and monitor
the quality of the services provided. Catulli (2012) proves the feasibility of SERVQUAL in
increasing knowledge about PSS acceptability by consumers and Peitzika et al. (2020) conclude
that it is highly reliable and valid for measuring consumer expectations regarding the quality
of service provided.

Finally, the feedback model proposes the use of the Value Stream Mapping (D33),
included due to the suggestion of the respondents in the survey. This tool provides an
overview of the processes, indicating improvements (Morlock and Meier, 2015) and providing
a framework for sustainable production processes (Soltani et al., 2020).

The methods and tools removed in the feedback phase of a PSS monitoring were: SWOT
analysis, Storyboard, Service Blueprint and FMEA. The SWOT analysis variable was the one
with the lowest variance in statistical analysis (factor analysis), corresponding to the tool
considered less adequate to explain this dimension. The descriptive analysis of the statistical
data pointed out that Storyboard variable was the one that presented the smallest mean of
this dimension (X= 2.63), justifying its removal in the back-fed model.

Specialists contested the use of the same methods and tools for different stages of the
PSS life cycle. In view of this, Service Blueprint wasn't included in the feedback model for the
monitoring phase, nor was it replaced by Product-Service Blueprint as in the development and
implementation phases of PSS but replaced by other specific tools to the monitoring phase.
In this way, the model was fed back into the monitoring phase of a PSS (Figure 7).

PSS Destination After Use
To ensure the appropriate destination of all post-use situations of a PSS, the methods
and tools proposed by the feedback model are presented in Figure 8.

PSS DESTINATION AFTER USE
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Figure 8. Retro-fed model for the PSS destination after use step.

Source: Authors.

The methods and tools proposed at this stage help allocate the components of a PSS
appropriately, returning to the beginning of the lifecycle with information obtained at all
stages. Initially, the feedback model proposes the use of IDEFO (E35 in Figure 8) and Storyboard
(E36). These tools had already been proposed in phase 1 of this research, and as they
presented satisfactory results in the statistical analyses, (IDEFO with the largest variance), its
application in the post-use destination stage was maintained.

Specialists suggested the inclusion of strategies capable of enabling remanufacturing,
repair, recycling and reconditioning processes. Therefore, RemPro Matrix (E37), proposed by
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Sundin (2004), was included in the retro-fed model in order to illustrate the relationship
between each remanufacturing stage, highlighting the main properties of the product (Sundin,
2004).

The methods and tools removed in the feedback of the PSS destination after use step
were: SWOT analysis, reverse logistics, remanufacturing and FMEA. In this dimension, SWOT
analysis presented the lowest mean of all statistical analysis and the lowest variance,
corresponding to the least adequate variable to explain the post-use destination, justifying its
exclusion from the feedback model.

The specialists highlighted the need for end-of-life strategies (reverse logistics and
remanufacturing) to be discussed and integrated in the early stages of the life cycle, from
defining requirements for their effective functionality. The experts also emphasized that
reverse logistics and remanufacturing are best referred to as an area of knowledge and an
approach, respectively. As they do not have a specific structure to follow, their feasibility can
be included in the methods and tools presented in the feedback model, considering their
applications from the requirements definition stage of a PSS. The model has therefore been
fed back to the post-use destination stage of a PSS (Figure 8).

CONCLUSIONS

The goal of this paper was to present a holistic perspective of methods and tools for the
development of Product Service Systems. These methods and tools were gathered from
literature and classified according to the PSS lifecycle - which proved to be relevant, as this
action ensures greater structuring and control of business proposals, analyzing the processes
from the definition of requirements to the destination after use of the PSS.

The step-to-step process presented in Figures 4-8 is an early concept of a model for PSS
development. If followed in the proposed sequence, the steps can either lead up to a new PSS
business proposition or to the optimization of an existent business. The presented methods
and tools can be used to optimize processes and identify and correct possible failures in the
PSS lifecycle.

The study follows a gap presented by Kim and Lee (2020), presenting a model that is faces
a holistic approach for product-service systems. It differs from other proposals (e.g. Geum and
Park, 2011; Lim et al., 2012) mainly for this perspective, considering the whole lifecycle of a
PSS and not focusing only in one sphere (e.g. sustainability).

In order to extend the access to the model|, it is necessary to develop it in a more practical
way. We propose that, in future studies, a systematization is carried out, programmed in such
a way that the client provides information of the proposal to receive a general feedback of the
business, allowing analyses of viability, strengths and weaknesses, opportunities for
improvement, among others.

However, to carry out the systematization, future studies may focus on new applications
in cases to make sure the model is feasible before departing to the systematization. To this
end, such research can apply the model to different types of PSS, in order to analyze its scope
and conceptual contribution. Thus, this research can be considered an initial study for the
elaboration and systematization of a model, capable of guiding and optimizing the
development of Product-Service Systems, thus generating greater assertiveness to business
proposals.
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