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Abstract. The introduction of engineering methods is considered a promising
approach to the effective and efficient design of Product-Service Systems
(PSSs). The authors have conducted studies on Service Engineering in Japan in
order to provide a fundamental understanding of services as well as concrete
engineering methods to design and develop them. This paper denotes the need
to progress from Service Engineering to PSS Engineering. In addition, methods
and tools that can contribute to PSS design are discussed.
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1 Introduction

As society advances, services and knowledge have become increasingly important in
many industries [1]. Indeed, the term servitization indicates [2] that the service and
information provided through a product are more important than the product itself,
even in the manufacturing industry. For this reason, Product-Service Systems (PSSs),
which create value by coupling a product and a service, have attracted much attention
[3]. For the effective and efficient design of PSSs, the introduction of engineering
methods is considered a promising approach. However, compared with the existing
research on product design, there have been fewer studies on the design of services
from the engineering perspective [4-6].

2 Practical Scientific Approaches

2.1 Genesis

Due to the situation mentioned in Section 1, we began in 2001 to conduct research on
Service Engineering (e.g., [7]), the aim of which is to provide both a fundamental
understanding of services and concrete engineering methods to design and develop
them. Here, we define a service as the provision of a means to integrate a tangible
object (a physical product) with an intangible object (an action product) that realizes
some required value for a customer. The goal of our work is to develop a design me-
thodology of services under this definition.
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During the first stage of our research, from 2001 to 2005, we established a generic
procedure for modeling and analyzing services based on our research background in
Design Engineering. Furthermore, we developed the basic structure of a service com-
puter-aided design (service CAD) software system called Service Explorer [8, 9]. We
used scientific design methodology and service engineering to develop tools to identi-
fy the values that are required and the societal and artificial systems that are needed to
achieve the values.

In the second stage, from 2005 to 2011, engineering methods to support service de-
signers were implemented in Service Explorer as plug-in software modules. In this
stage, we focused on analyzing and designing a one-to-one relationship between a
provider and a receiver.

Now the door to the third stage of our research has opened. Whereas in the pre-
vious stage we focused mainly on the one-to-one relationship between two specific
stakeholders, in the third stage we are concentrating on the system aspect of PSS. Our
focus is the complex network of multiple stakeholders, such as product manufactur-
ers, service suppliers, and original equipment manufacturers, in a PSS structure. In the
next stage of our research, we will establish methods to design an integrated product-
service business that realizes win-win relationships among multiple stakeholders.

2.2 From Service Engineering to PSS Engineering

The concept of PSS is sometimes regarded as merely the combined provision of a
product and service that fulfills customer needs (e.g., machine and maintenance).
However, such a view of PSS shows an insufficient understanding of the original PSS
concept, the essence of which is a social system where all stakeholders, including
providers and receivers, can receive sufficient values through cross-offerings of prod-
ucts and services. This system, represented by the last S in PSS, consists of various
stakeholders who provide and / or receive products and services Thus, in the current
study, a PSS can be defined as a social system that enhances social and economic
values for stakeholders through the co- and cross-offering of products, services, and
product-services within the system. Here, a product-service means an integrated offer-

ing of product and service.
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From this viewpoint, Service Engineering progresses to Product-Service System
Engineering. In the new approach, we regard PS System design as the design of (1)
PS Synergy, (2) PS Strategy, and (3) PS Structure: PSS®. The concept of PSS is illu-
strated in Figure 1. Here, PS Synergy is a value amplification mechanism by a PSS
offering. PS Structure indicates a stakeholder network for value offering, and PS
Strategy means a strategy to construct win-win relationships among stakeholders.

2.3 Research Strategy Map

As mentioned in 2.2, we regard PSS’ as the set of PSS design dimensions. In PSS
design, a PS Strategy is designed by determining the concrete values to be provided to
stakeholders by integrating product and service. Thus, a Value Analysis is needed.
The design of a PS Structure is performed through a discussion of how to embody the
PSS offering structure (i.e., PSS Embodiment). PS Synergy can be clarified and the
design improved through the evaluation of the synergy effect. Based on these discus-
sions, Value Analysis, Embodiment, and Evaluation are regarded as practical realiza-
tion phases of PSS’.

Figure 2 illustrates the research strategy map of our research team. On the map,
methods and tools that have already been developed or that are now being developed
are classified in the PSS design phases and from a design perspective. The PSS design
phases are composed of three steps: Analysis, Embodiment, and Evaluation. Howev-
er, the three design perspectives—those of the Customer, Business, and Environ-
ment—are included in the map. The core modules of Service Explorer, which is the
most important achievement of our research, are shown in the center area of the map.
Methods and tools that support designers in specific design phases are mapped as
satellite modules. Methods and tools illustrated as satellite modules are explained in
Sections 3, 4, and 5.

- Embodiment A:Persona/ Scenario analysis
N Phase B: Group decision-making method
C:Value analysis template
D: SOM-based business chance finder
E: View model
F: Extended service blueprint
G: Conflict detection
H: Design matrix for modular service design
I: Function embodiment knowledge base
J: Resource allocation method
K: Importance analysis
L: S-A function
M: Service FMEA
N:Scene Transition Net simulator
0: Qualitative service simulator
P: PS system simulator
Q: Integrated service evaluation method
R: Cost analysis method

Service
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Environmental Perspective
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.o

Evaluation
Phase
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Fig. 2. Research strategy map
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3 Value Analysis Phase

3.1 Customer Perspective

Module A: Persona / Scenario Analysis. To extract the requirements of service re-
ceivers, a persona is described for each agent that works as a receiver in the service.
The persona is a tool used mainly for software interface design to give a simplified
description of a customer. It works as a compass in a design process [10]. According
to this persona, subsequently, a scenario is developed to clarify the context in which
the service is received. The scenario is described in the form of a graph representing a
scene transition. For each described scene, the receiver’s state is represented as a set
of parameters (Figure 3).
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Fig. 4. Group decision-making method

Module B: Group Decision-Making Method. This method attempts to derive the
group opinion and to minimize customer dissatisfaction by using grading scores [11].
The grading score is the weighted value of each customer that would influence the
total opinion of the group [12]. The total dissatisfaction of all the customers is defined
as the sum of the distances between individual opinions and the group opinion, which
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is affected by the grading score. This method is used to derive the requirement values
for a target service by minimizing the dissatisfaction of all the customers. It is particu-
larly effective for the design of public services (Figure 4).

Module C: Value Analysis Template. While the persona model and scenario model
are scientific methods for extracting receivers’ requirements, they use a form of repre-
sentation based on natural language. Their use, therefore, requires a certain amount of
training given the diversity of vocabulary selection and the difficulty of determining
synonymy. To describe these models more simply, we developed templates as a con-
venient means of preparing data corresponding to each stage of model building. We
developed a framework consisting of five templates, shown in Table 1, that assist in
the tasks of (1) describing personas, (2) describing scenarios, and (3) extracting re-
ceivers’ requirements. We are, thus, able to implement a system that supports the
comprehension and analysis of personas, scenarios, and provided values.

The original value analysis template was developed for B2C service design. Akasaka
et al. [13] extended the original template and developed one for B2B service design.

3.2 Business Perspective

Module D: SOM-Based Business Chance Finder. We have developed a method to
support designers in generating business design ideas [14]. In this method, the similarities
of business seeds are visualized on a two-dimensional map using the Self-Organizing
Map (SOM) technique [15] (Figure 5). The similarities of business seeds are calculated
as the similarities of values offered with business seeds. By using the map, designers can
identify business seeds that may fulfill receivers’ requirements. For example, the green
cluster includes business seeds A6, E11, F9, G10, 12, J3, and J7. These business seeds
can provide values such as Reduction of Noise, Flexibility of Installation Space, and
Reduction of Operating Cost. Therefore, if a designer has to design a way to reduce oper-
ating costs, the business seeds in this cluster can be applied.

Table 1. Value analysis template

Template Summary
Persona A template to define a persona that represents a hypothetical client as an
template individual. A persona is defined by describing demographic data, e.g., name,

gender, and carrier, as well as psychological data, e.g., personality and life-
style.

Character / A template to configure the character / intents of the defined persona using a
Intent tem- prepared vocabulary list.

plate

Script tem- A template to describe detailed behaviors (including the service-receiving

plate context) that the persona, defined in the persona template, performs to
achieve specific goals or objectives.

Keyword A template to convert the described script into unified lexical expressions by

template arranging keywords based on six phases in the Phases of Service Encounter
and 4W1H (What, What like, Where, When, How).

RSP extrac- | A template to associate required items / qualities and quality elements with

tion template | the keywords identified in the keyword template.
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A1-13: Technologies in gas turbine
business

B1-11: Technologies in motorcycle business
C1-9: Technologies in robot business
D1-9: Production technologies

E1-17: Technologies in plant business

| F1-13: Technologies in ship business

{| G1-12: Technologies in machinery for ships
and motor cycle

H1-5: Technologies for fluid power systems
11-5: Technologies for environmental
consciousness

J1-8: Technologies in train business

K1-10: Technologies for aerospace

L1-11: Technologies for robot systems

Fig. 5. An example of a map of PSS business seeds

4 Embodiment Phase

4.1 Customer Perspective

Module E: View Model. The view model [7-9] is a model to design a functional
structure of a service that fulfills receivers’ requirements. Figure 6 shows an example
of a view model consisting of functions, described as 'verb + noun' (e.g., 'brew +
coffee'), and entities that have been used in product design methodologies (e.g., [16]).
In this model, preliminary functions that fulfill receivers’ requirements are described
and deployed into sub-functions. Human resources (e.g., staff) and physical products
(e.g., monitoring camera and sensor) are associated with the lowest-level functions as
function carriers.

Module F: Extended Service Blueprint. The extended service blueprint is a model-
ing method to describe a service process which consists of service activities and
product behaviors [17]. The origin of the concept is the service blueprint, which is
commonly used in service marketing to describe service activities undertaken by a
customer, a front-line [Note: What is meant by a “front-line”? Please clarify], and a
support team in the performance of a service [18]. However, no service blueprint is
available to describe the role of products in a service process. Thus, the extended
service blueprint was developed to describe not only service activities performed by
human resources and related software but also product behaviors performed by hard-
ware and related software. The notation of the extended service blueprint is based on
Business Process Modeling Notation (BPMN) [19]. The extended service blueprint
represents the parallel and interactive activities and behaviors of employees, custom-
ers, and product. In Figure 7, the interactions among the activities of floor staff and
kitchen staff and the behavior of a coffeemaker are illustrated using BPMN.
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Module G: Conflict Detection. When a service that fulfills receivers’ requirements is
designed, conflicts can be found. For example, two functions, 'increase staff' and
'decrease staff,’ may exist in separate service models of the same service. To avoid
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this problem, the conflict-detection method analyzes objects and predicates of func-
tional expressions using the lexical expression database [9] (Figure 8). In addition, a
method to solve the extracted conflicts with TRIZ [20] has also been proposed.

Module H: Design Matrix for Modular Service Design. The design matrix method
is used to optimize the composition of service modules based on Suh's axiomatic
design [21]. In service engineering, a module is determined in terms of the (function /
attribute) relationship. Table 2 is the design matrix for service design which shows the
(function / attribute) relationship with the character 'X.' To determine service compo-
nents, service designers first determine modules from the (function / attribute) rela-
tionship. A module uncoupled from the others is defined as a single component which
is the minimum subset of decoupled modules to satisfy the Independence Axiom [21].
By means of this matrix, service designers can configure a flexible and reliable ser-
vice structure.

Module I: Function Embodiment Knowledge Base. We have developed a method
and prototype system for knowledge-based PSS design [22] to support the acquisition
of new PSS design solutions by integrating design knowledge managed within a
knowledge base. In this method, a unit of information is represented by a set of three
elements--function, entity, and delivery process--which enables designers to manage
knowledge of both product and service shares in PSS cases. The desired knowledge is
sought based on similarities between functions and is provided in catalog form. By
using this system, designers can find alternatives to PSS design solutions.

Table 2. A simple example of a design matrix

Attribute 1|Attribute 2 |Attribute 3 | Attribute 4 | Attribute 5

Function 1 X M1* | Component 1
Function 2 X A
Function 3 X X M3 Component 2
Function 4 X X V2
Function 5 X X M5 Component 3

*M: Module

4.2 Business Perspective

Module J: Resource Allocation Method. Resource distribution is not easily de-
signed because of the vast search space and the complexity of the problem to be
solved. Therefore, a method to determine the optimal value of the resource distribu-
tion by means of the Genetic Algorithm (GA) has been proposed [23]. This method
optimizes resource distribution from two viewpoints: customer satisfaction and inter-
nal resource constraints.

5 Evaluation Phase

5.1 Customer Perspective

Module K: Importance Analysis. Based on the view models, a method to analyze
the importance of design parameters by means of Quality Function Deployment
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(QFD) [24] and the Analytical Hierarchy Process (AHP) [25] to improve a service
structure has been proposed. QFD is a systematic analysis method to translate cus-
tomer needs into the requirements and specifications of a design object. Meanwhile,
the AHP method numerically computes the importance weights of receivers’ require-
ments according to bilateral comparisons among parameters. After the importance of
receivers’ requirements is obtained, it is converted into the importance of functions
and entities by using the matrix of the QFD [24]. The matrix is created based on the
specifications described in the view models.

Module L: S-A Function. Unlike the importance analysis method, which evaluates
the relative importance of requirements, the function of S-A (Satisfaction-Attribute) is
to evaluate directly the satisfaction of service receivers [26, 27]. The S-A function
describes the condition of service receivers' satisfaction in terms of their expectations
of the service and the type of service function. The receivers’ expectations are used as
comparison standards to determine whether the receiver is satisfied or dissatisfied.
Namely, the function is divided into a gain side and a loss side at the expectation val-
ue. This type of service function was originally proposed by Kano [28], who identi-
fied three categories of product or service functions: attractive, one-dimensional, and
must-be. Figure 9 shows the differences in the shapes of functions. The shape of an
S-A function is determined by the analysis of the service function type. By means of
S-A functions, the numerical evaluation of a service receiver's satisfaction can be
performed.

Aftractive Quality

One-Dimensional Quality

Satisfaction + Satisfaction Satisfaction
AV "-. AV AV
Reference Point

Must-Be Quality

Fig. 9. S-A functions

Module M: Service FMEA. Failure Mode and Effect Analysis (FMEA) [29] is a
method to analyze the failure mode, which may cause a product or service to malfunc-
tion. Since the structure of a service is complicated, various causes of malfunctions
can be considered. Service FMEA (Table 3) attempts to analyze and prevent potential
malfunctions. In Figure 9, failure modes of a service are listed in the far left column.
Influences on and causes of the failure modes are also listed.

5.2 Business Perspective

Module N: Scene Transition Nets Simulation. The evaluation of a service should be
done in both a static and a dynamic manner. We adopt the Scene Transition Nets
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(STN) as a simulation model of a service process [30]. STN is a graphic modeling
method for discrete-continuous hybrid systems [31]. Figure 10 shows the components
of STN, which uses tokens called actors to describe discrete state changes and diffe-
rential equations triggered by the movements of the actors to describe continuous
state changes. STN is suitable for a service process simulation since it can describe
both the process transition and the state change of each stakeholder simultaneously.
For example, in Figure 11, the service processes of a nursing case service is modeled
as a discrete event system. At the same time, the dynamic nurse walking distance in a
scene is modeled as a continuous system.

Table 3. Service FMEA
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Fig. 11. Scene Transition Nets Simulator

Module O: Qualitative Service Simulator. We have developed a qualitative service
simulator that enables designers to evaluate the designed service qualitatively. Qualit-
ative simulation predicts the set of possible behaviors consistent with a qualitative
differential equation model of the world. Its value comes from the ability to express
natural types of incomplete knowledge and the ability to derive a provably complete
set of possible behaviors in spite of the incompleteness of the model [32-34].

Module R: Cost Analysis Method. In order to make services successful, service
designers need to consider economic costs. A cost evaluation method [35] has been
proposed on the basis of Activity-Based Costing (ABC) [36], which is used to trace
overhead costs for objects such as products, processes, and departments. Unlike the
original ABC, which is a method to calculate costs of business processes, our pro-
posed method enables designers to calculate the cost of each function and entity, with
the entity including both human resources and physical products.

5.3 Environmental Perspective

Module P: PS System Simulator. To realize a sustainable business through PSS, it is
important to create a business situation in which each stakeholder receives values
through the provision of PSS. The designers must have a holistic view and consider
the total value created within the system. Therefore, a design method for a PSS that
has a high value for each stakeholder has been proposed. In this method, a PSS is
designed using System Dynamics simulation [37] under the simultaneous considera-
tion of values received by various stakeholders. Here, the global environment is also
regarded as a stakeholder in the system so that the designers can consider the envi-
ronmental impact of PSS provision.
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Module Q: Integrated Service Evaluation Method. The Integrated Service Evalua-
tion Framework (ISEF) is used to evaluate service design solutions from the view-
points of multiple stakeholders in an integrated and quantitative manner. In ISEF,
service processes of stakeholders are described based on IDEFO [38], a well-known
functional system modeling method used to describe the influences of various stake-
holders. This service process model covers the entire service process, which includes
pre-activities before the main service activity, such as manufacturing, distribution of
products, hiring, and training of employees, and post-activities, such as maintenance,
disposal, and after-sales service. The service is evaluated through the STN-based
simulation technique (see Module N in 5.2).

6 Crossover Phase

We have developed an edutainment tool for PSS design called EDIPS (Edutainment
for Integrated Provision of Product-service System) (Figure 12(a)). This tool is illu-
strated as Module X in Figure 2. EDIPS is a kind of business game through which
players can learn the importance of the integrated provision of product and services to
gain profit and learn how to integrate product and services. Figure 12(b) shows a pic-
ture taken in an international test game played by PSS researchers.

(a) Overview of the EDIPS (b) Playing the EDIPS

Fig. 12. EDIPS: An edutainment tool for PSS design

7 Concluding Remarks

This paper denotes the need to progress from Service Engineering to PSS Engineer-
ing. Our idea is to design a PSS with three dimensions: (1) PS Synergy, (2) PS Strate-
gy, and (3) PS Structure (PSS*). We have provided an overview of methods and tools
that can contribute to PSS design. However, few methods have been proposed that
support value analysis and embodiment from the environmental perspective. To de-
sign a PSS that helps to reduce environmental impact, it is important for designers to
consider environmental friendliness in the early stage of PSS design. Therefore, our
future research will include the development of methods to support designers’ consid-
eration of environmental impact in the value analysis and embodiment phases of PSS
design.
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