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1. Introduction

Our society’s limitations of natural resources, energy supplies,
and capability to accept industrial waste have led to serious
problems related to producing and disposing of artifacts [1]. We
have to immediately search for solutions or business models to
realize a sustainable society. In this context, services are
becoming increasingly important in the manufacturing industry,
since a longer life or more added value of a product can be
achieved by offering services (e.g., a maintenance service)
combined with a product (e.g., a car). As a result, new concepts
such as the Product-Service System (PSS) [2–4], which is defined
as consisting of tangible products and intangible services designed

and combined so that they jointly are capable of fulfilling specific

customer needs [2], have been attracting much attention,
especially in developed countries.

As pointed out in the product design research, knowledge
obtained from past products and cases provides helpful informa-
tion for designers [5]. Therefore, many studies in the product
design area focus on knowledge-based design support (e.g., [6,7]).

Compared to product design, a broader range of knowledge is
required to PSS design, since both products and services are
included in its design space. Therefore, providing knowledge to
designers is the key to enhance the quality of design solutions in

PSS design. However, few methods and tools for knowledge-based
support for PSS design have been proposed.

In this paper, a method for knowledge-based PSS design
support is proposed. The proposed method is on the basis of the
research on Japanese Service Engineering, which provides design
methodology of the integrated provision of products and services
[8,9]. In addition a prototype of computer-aided design (CAD)
system to realize knowledge-based PSS design support is devel-
oped. The method and system supports the acquisition of new PSS
design solutions by integrating knowledge accumulated in a
knowledge base.

The remainder of this paper is organized as follows. Section 2
explains a definition and modeling methods of services proposed
in Service Engineering, which is a fundamental concept of this
study. In Section 3, a knowledge-based design support method is
proposed. Its overview is reported in Section 3.1. Section 3.2
explains a scheme to represent knowledge, and Section 3.3 reports
a scheme to provide knowledge to a designer. Section 4 reports the
implemented prototype system for knowledge-based design
support. Section 5 explains the results of an application of the
developed system. Section 6 discusses the virtues and remaining
issues of this research, and Section 7 concludes this article.

2. Service Engineering

2.1. Fundamentals of Service Engineering

The authors have carried out fundamental research on Service
Engineering in Japan, which aims at providing design methodology
of services from an engineering viewpoint [8,9]. In SE, a service is
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defined as an activity between a service receiver and a service

provider to change the state of the receiver [8]. According to our
definition, a service is offered to realize the receiver’s state change,
and when the state changes to a new desirable one, the receiver is
satisfied. Therefore, changing a receiver state is equal to fulfilling a
customer need in this context. This definition includes a broader
sense than the typical definitions in the service marketing field,
which are used to clarify the difference between services and
products (e.g., [10,11]). In this definition, we regard a service as a
combination of service activities and physical products [8,9]. The
term service used in this study, therefore, corresponds to PSS
(Fig. 1).

2.2. Service design

In a series of Service Engineering studies, methods to design a
service have been proposed. It is noteworthy that a term service

means a combination of service activities and physical products as
mentioned above.

Fig. 2 shows the overview of service design methodology
proposed in Service Engineering. A service is modeled as a
functional structure that satisfies customer needs, and specific
entities and their activities/behaviors are associated with the
functional structure ([8,9]). Here, entities include both physical
products and human resources, which correspond to product share
and service share in PSS context.

In short, a service can be designed through phases of
‘‘development of functional structures’’ and ‘‘embodiment of
functions,’’ as shown in Fig. 2.

2.2.1. Service function model

A service function model represents the realization structure
to fulfill customer needs. As shown in Fig. 3 (a), this model consists
of functions, which are described as ‘‘verb + noun,’’ e.g., ‘‘serve + a

Fig. 1. Comparison between terms used in PSS studies and Service Engineering [12].

Fig. 2. Overview of service design methodology proposed in Service Engineering.

Fig. 3. Models of coffee shop service, (a) service function model and (b) service process model.

F. Akasaka et al. / Computers in Industry 63 (2012) 309–318310



https://isiarticles.com/article/52639

