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Abstract: The recent macro‐economic events have contributed to an increased awareness of the strategic 
relevance deriving from the provision of services related to products as an economic remedy for facing the 
sharp downfall of the markets. A relevant stream of literature, mainly rooted in the North-European research 
communities, has assigned an increasing emphasis to the role of Product-Service Systems (PSS) as a concrete 
response to these emerging pressures. The design and development of a PSS raises new issues, since the 
service component introduces further requirements than traditional product engineering. Compared to 
physical products, services are generally under-designed and inefficiently developed. In this context, purpose 
of this paper is to propose a Service Engineering systematic procedure to integrate the design capabilities of 
Service Explorer, a computer-aided modelling tool for Service Design developed at the Tokyo Metropolitan 
University, with a simulation test-bench which would enable the comparison of several PSS scenarios. 

Keywords: Service Engineering, Product-Service System, Simulation 

1. Introduction 

The recent macro‐economic events have contributed to 
an increased awareness of the strategic relevance deriving 
from the provision of services related to products as an 
economic remedy for facing the sharp downfall of the 
markets.  

This change in manufacturing companies, usually termed 
as servitization, is mainly motivated by a continuous strive 
to create new sources of value, by either reactively 
fulfilling explicit requirements or proactively providing 
new integrated product-service solutions to the customer 
(Cavalieri and Pezzotta, 2012), evolving from a “pure 
product” orientation towards a Product-Service System 
(PSS) perspective (Mont, 2002). 

However, although services are thought to deliver higher 
margins, most organisations find quite problematic to 
master the transition. It occurs that manufacturing 
companies heavily investing in extending their business, 
increase their service offerings without any expected 
corresponding returns. For instance a Bain & Co’s survey 
revealed that only 21% of the sampled companies have 
experienced a real success with their service strategy 
(Baveja et al., 2004).  

Overcoming this hitch represents then a major managerial 
challenge. Companies need to re-design their 
organisational principles, structures and processes 
(Gebauer and Fleisch, 2007), capabilities (Ceci and Masini, 
2011), relationships with customers (Galbraith, 2002) and 
suppliers (Evans et al., 2007). In this sense the design and 

development of a PSS raise new issues, since the service 
component introduces further requirements than 
traditional product engineering. Compared to physical 
products, services are generally under-designed and 
inefficiently developed (Froehle et al., 2000).  

In this context, Service Engineering is becoming a 
predominant field. It calls for the design and development 
of an integrated offering valuable to customers in order to 
contribute to a continuous positive change of state 
throughout the journey of experience they stage with a 
PSS (Bullinger et al. (2003) and Shimomura and 
Tomiyama (2005)). Unlike traditional engineering design 
whose aim is to improve only artefact functions, Service 
Engineering aims to increase the total satisfaction of the 
customers/users and to match their specification by 
improving both the functionality and/or quality of the 
artefacts and of the service content and the delivery 
channel. 

This cultural shift from a transaction-based approach to a 
long-term relational journey with the customer still needs 
to be thoroughly understood by companies along with the 
acquisition of the suitable models, methods and tools for 
collecting, engineering and embedding in a PSS all the 
knowledge that meets or exceeds people’s emotional 
needs and expectations. However, manufacturing 
companies still adopt approaches based on a traditional 
engineering perspective to design and develop their 
integrated solutions (Cavalieri and Pezzotta, 2012). They 
engineer the “tangible” part and then adopt intuitive 
processes and methods to develop the “intangible” 
elements. The value obtained is therefore not optimised 
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because it is an un-structured combination of “something 
methodologically and systematically approached” and 
“something rudimentally developed” (Cavalieri and 
Pezzotta, 2012).  

In this context the relevant aspect of Service Engineering 
as a new discipline is that it investigates service design and 
development with a systematic perspective and with a 
seamless integration of product and service contents. 
Moreover, unlike traditional disciplines devoted to the 
service development such as NSD (New Service 
Development), whose focus is mainly related the internal 
perspective, and Service Design mainly addressing 
customer expectations, Service Engineering aims at 
considering both perspectives during the development of 
integrated solutions. 

As reported in the state of the art on Service Engineering 
by Cavalieri and Pezzotta (2012), a significant part of the 
literature in PSS has provided contributions on methods 
and tools. However, a small number of methods have 
been developed specifically for service and PSS design and 
engineering. The most adopted ones derive from 
traditional engineering, business and computer science 
disciplines.  

In this context, purpose of this paper is to identify how to 
develop a Service Engineering systematic procedure to 
integrate the design capabilities of Service Explorer, a 
computer-aided modelling tool for Service Design 
developed at the Tokyo Metropolitan University, with a 
simulation test-bench which would enable the comparison 
of several PSS scenarios. Through Service Explorer 
designers can operate a PSS in the following ways (Arai 
and Shimomura, 2004; Hara et al., 2009; Sakao and 
Shimomura, 2007)): (i) express a PSS design model; (ii) 
edit the models; (iii) evaluate the total PSS by assigning 
each value of the components. By using the developed 
procedure there will be the possibility to compare 
different configurations of designed PSS able to satisfy 
customers’ needs and to evaluate the technical and 
financial performance in the PSS provider perspective. 
The paper is structured as follows: 2) Literature review on 
Service Engineering with a focus on design and simulation 
methods and tools nowadays available; 3) Overview on 
Service CAD methodology, on the Service Explorer tool, 
and on the role of Discrete Event Simulation; 4) 
Explanation of the developed procedure; 5) Conclusion 
and further development of the research. 

2. Product-Service System engineering 

The first definition of product-service appears in the 
literature in the ‘70s (Rathmell, 1974); even if a sharp 
distinction between the two concepts due to the 
intangibility of one compared to the other was still 
present, it portrayed a new perspective that allows mutual 
integration of the two concepts aiming at improving 
customer satisfaction. Later the idea of integration of 
physical products and additional services grew up and it 
was crucial for many companies (Bell, 1981). Today this 
concept has a new meaning, and the basic idea behind the 
Product-Service System concept ensues from an 
innovation strategy, shifting the business focus from the 

design and sales of physical products to the design and 
sales of a system consisting of products, services, 
supporting networks and infrastructures, which are jointly 
capable of fulfilling specific client demands (Mont, 2002; 
Baines et al., 2007).  

The profit generation and the commercial success of the 
Product-Service System offering critically depend on its 
conceptualisation, design and development, even if this 
notion has been largely ignored (Bullinger et al., 2003). 
According to Baines et al. (2007), despite the availability 
of a plethora of tools and methodologies for designing 
PSS, they are typically a rearrangement of conventional 
processes and lack of a critical and in-depth evaluation of 
their real performance in practice. In fact, compared to 
physical products, services are generally under-designed 
and inefficiently developed (Froehle et al., 2000). 

This is the main motivation behind the upsurge since the 
‘90s of Service Engineering as an emerging technical 
discipline whose foremost aim is to provide a “systematic 
development and design of services using suitable models, 
methods and tools as well as the management of the 
service development process” (Aurich, 2010) 

Today, Service Engineering is becoming a predominant 
field. Sharing the definitions provided by Bullinger et al. 
(2003) and Shimomura and Tomiyama (2005), it can be 
termed as a technical discipline concerned with the 
systematic development and design of services aiming at 
increasing the value of artefacts. It is a rational and 
heuristic approach based on the discussion of alternatives, 
goals, constraints and procedures, through the adoption 
of modelling and prototyping methods. Most of the 
available Service Engineering models, methods and tools 
derive from the adaptation of traditional engineering, 
business and computer science approaches to the Service 
System (SS) or Product-Service System sector (Cavalieri 
and Pezzotta, 2012).  

A significant part of the SE literature has provided 
contributions on “HOW” a Service Engineering process 
has to be carried out through the adoption of appropriate 
practices, in terms of methods and tools required to 
perform the single activities and phases. However, a small 
number of methods have been developed specifically for 
service and PSS design, development and engineering.  

Some of the available methods have been proposed as a 
part of a  broader methodology able to support the SE 
process and all the related activities and tasks, such as the 
MePSS (Methodology for Product Service System - van 
Halen et al., 2005) and the Service CAD (Arai and 
Shimomura, 2004). These methodologies have also 
identified the need to support their theoretical approach 
with the creation of a specific IT tool with the aim to 
transfer the theoretical knowledge into concrete industrial 
applications (Cavalieri and Pezzotta, 2012). 

In particular, among the different methodologies and 
academic schools approaching the SE, since the 2000 the 
Japanese school is working in the area of Service 
Engineering. They have been proposing the so called 
Service/Product Engineering (SPE) discipline and the 
Service CAD, a methodology developed in this sense 



(Arai and Shimomura, 2004; Hara et al., 2009; Sakao and 
Shimomura, 2007). The focus of SPE is close to Service 
Engineering, but it stresses more the idea of the creation 
of the customer value which must be accomplished not 
only through the provision of products, but also with all 
the service activities as a relevant part concurring in the 
creation of the Customer Value. In SPE, products and 
service activities are designed in parallel according to the 
value provide to the final customer.   

Based on these theoretical concepts, they are developing a 
computerized design tool, called “Service Explorer” since 
2002, to describe and improve the quality of services. This 
tool is nowadays the only one available in this area. The 
Service Explorer supports the designer in the definition of 
the Service and PSS with an outside-in perspective, and it 
provides a static evaluation of the relevance of the 
different functions and attributes for the design of a PSS 
based on a Quality Function Deployment (QFD) analysis. 
The following paragraph will better explain the main 
features of Service CAD and Service Explorer.  

3. Service CAD Methodology 

3.1 Basics of Service CAD Methodology 

In Service CAD methodology a service or a PSS is defined 
as an activity that changes the state of a service receiver 
(Tomiyama, 2001).  

 

Figure 1: Service Definition in SPE (Tomiyama, 2001). 

As shown in Figure 1, a provider provides value to a 
receiver by changing the receiver from a state to a new 
state that he/she desires. Both content and channel are 
meant to realize the service and PSS. A receiver is 
apparently satisfied with the content of the service. In any 
case a service channel is needed to transfer, amplify, and 
control the service contents (Tomiyama, 2001). 

The Service CAD is a modelling method that represents 
(Hara et al., 2009):  

- the customer value and its ground;  

- the relationship between customer value and service 
contents;  

- the service contents delivered by products and/or 
services.  

In the Service CAD methodology, the receiver is 
described by a set of Receiver State Parameters (RSPs) 
(Arai and Shimomura, 2004) whose aim is to represent 
customer value. Parameters representing the states of 
service contents are called Content Parameters (CoPs). In 
the same way, those of service channels are called Channel 
Parameters (ChPs). These parameters are obviously 
interrelated.  

The concept of a ’Persona’ is also introduced to describe 
receiver’s lifestyle and behaviour, personal characteristics, 
occupation, social position and specify receiver’s RSPs, in 
other words, to provide a complete picture of the 
customer.  

Moreover, different types of sub-models are defined to 
represent a functional service structure (Arai and 
Shimomura, 2004;  Hara et al., 2009): 

(1) Flow model: a service is normally delivered by multiple 
agents of a value chain, flowing from the original 
providers to the final receivers. This flow can be described 
as a graph connecting the various agents.  

(2) View model: it describes how customer value, 
represented by an RSP, and actual entities are related via a 
function tree structure. A view model represents the 
mutual relationships between an RSP and the related 
CoPs and between the CoPs and ChPs. An RSP changes 
only according to the contents of the service received. 
Service channels are evaluated indirectly by the receiver 
and thus do not influence the RSP. Both CoPs and ChPs 
are represented in terms of Function Names and Function 
Parameters (FPs). In the lower level of the view model the 
entities and their attributes are described. An entity in the 
View Model represents not only physical products but 
also facilities, employees, information systems and so 
forth, all the elements, Hardware and Humanware, which 
are involved in the delivery of the final solution to the 
customer. In the View Model, the customer value is 
related by the CoPs and ChPs Function and Parameters to 
the entities; designers can perform a static evaluation of 
customer satisfaction based on these entities and their 
attributes. 

 (3) Scope model: it represents a target service area. In 
comparison to the view model, in which a single RSP is 
expressed, the scope model deals with all the RSPs of the 
provider and the receiver. In other words, a scope model 
handles multiple view models (namely, multiple RSPs). A 
scope model helps designers to understand the real 
activities taking place between two agents. 

(4) Extended Service Blueprinting: even if the view model 
represents the customer value, however, it includes little 
information about the service delivery process and how 
entities are connected with the sub-process and functions. 
The details of the relationships between functions and 
entities are depicted in a service blueprint. The Service 
CAD adopts an extended service blueprint to include 
product behaviour and its relationship with service 
activities as well as the relationship between 
activities/behaviours and customer requirements. 
Business Process Modeling Notation (BPMN) is used in 
the extended service blueprint. 

By connecting the View model and the Extended Service 
Blueprinting, designers can clarify the influence of the 
service process on customer through functions.  

3.2 Service Explorer 

Based on the aforementioned modelling method, a 
computer-aided design system, called Service Explorer 



(Sakao and Shimomura, 2007), has been in development 
since 2002. Aim of Service Explorer is to represent the 
needs of customers and the relationship between those 
needs and to provide a design environment that can 
analyze from individual customers up to constructing 
entities. It is capable of both reviewing and designing a 
new service, by visualizing and evaluating services.  

(1) Model building  

Designers can model services using the methodology 
explained before by the adoption of the Service Explorer 
and its five editors: the Scenario Builder, the Flow Editor, 
the Scope Editor, the View Editor, Blueprinting Editor. A 
typical modelling sequence is as follows:  

- generate nodes like RSPs, functions, and agents;  
- connect arcs between nodes; 
- set attributes of nodes;  
- generate the Service Process; 
- connect Process with the Functions. 

A service case described is stored in the Service Case 
Base. This data can then be used as the basis for a later 
service design.  

(2) Evaluation of services  

The purpose of SPE is to have a technological design tool 
for services. Evaluating services and PSSs is, therefore, a 
key issue. To determine the importance of each 
parameter, a designer weights each parameter using QFD. 
Possible methods of improving a service are obtained by 
decomposing the importance of each RSP. 

The Service Explorer tool does not support a dynamic 
evaluation in terms both of customer’s satisfaction and 
company’s performance. In particular, the solution 
designed with the Service Explorer is only evaluated 
considering the value provided to the customer and not in 
terms of the internal company performance. In this sense, 
the integration of the Service CAD and Service Explorer 
with a Simulation tool can give the possibility to compare 
different configurations of designed PSS able to satisfy 
customers’ needs and to evaluate the technical and 
financial performance of the PSS provider. 

3.3 The support from Discrete Event Simulation 
models 

Simulation is “a technique of constructing a model that 
describes the behaviour of a real world system, and the 
resulting model can then be used to test how the 
performance of a proposed system alters over differing 
operating conditions.”  Business process simulations have 
been extensively studied in the past and many techniques 
and tools currently exist. In general, Discrete Event 
Simulation (DES) and System Dynamics are the most 
common simulation methods and are used in a wide range 
of situations (Garetti et al., 2012). 

Analysing the literature on Simulation in PSS and service 
context, several existing projects that are aimed at 
modelling and simulating a PSS are reported (Alix 2012). 
In particular Life Cycle simulation (Garetti et al 2012) and 
DES modelling have been investigated in the area of PSS. 

The adoption of simulation in service and PSS fields is 
becoming relevant due to the increasing scale of 
operations in service and PSS and to the complexity and 
the nature of operations connected. In this sense DES can 
be really supportive in the design of the Service Delivery 
process and evaluate different systems created under 
different 'what-if' scenarios. 

In SS and PSS mainly authors have constantly stressed the 
need to design solutions able to satisfy customer needs, 
however it is therefore becoming relevant to be able to 
balance excellent value provided to the final customer 
with internal company efficiency, in order to increase 
company revenues. In this sense, the integration of 
Service CAD and DES can really support managers to 
reach this equilibrium. 

4. A Step-by-Step Procedure 

Starting from the above mentioned considerations, a step-
by-step procedure has been developed and a short 
example has been also carried out in order to verify the 
logical connection between the different phases. The 
procedure is currently limited to a theoretical state of 
development. 

In figure 2, a short explanation of the main phases and 
sub-phases of the developed procedure are carried out. In 
particular, the first three steps refer to the adoption of 
Service Explorer in order to define the Customer Value 
with the view model and how the value and the entities 
(and their attributes) are linked to the service delivery 
process by the Extended Service Blueprinting. Step 4 
translates and transposes the information designed in the 
Service Explorer in the Simulator, while the last step 
refers to the real simulation and evaluation of the different 
scenarios in terms of customer value and company 
performance.  

 

 

Figure 2 :The multi-step procedure 

More in detail, the first two steps, as in the Service CAD 
methodology, refers to the Definition of the Customer 
Value and the identification of the RSPs. Through the 
View Model it is possible to connect the RSP with the 
Content and Channel Function and Parameters and to 



identify the entities and the related attributes, in terms of 
Hardware and Humanware, which are composing the 
system to be delivered. In Figure 3, an example of a View 
Model representing how a restaurant should be designed 
in order to ensure a low waiting time to the customers is 
reported.  CoPs and ChPs Functions and Parameters are 
defined and Entities such as the Waiters (Number, Agility, 
Experience and Knowledge) and Table and Seats 
(Number and Configurations) are therefore considered.  

 

Figure 3: View Model 

In the third step, an Extended Service Blueprinting, 
describing the delivery process and how the company 
process is connected with the customer value, is created. 
The connection of the two models provides a lot of 
information in terms of the influence of the service 
process on customer needs and value through functions. 
The Service Explorer provides also information on the 
different entities and related attributes connected to the 
Service process steps. In Figure 4, the Service Blueprinting 
of the analysed restaurant process is reported.  

 

Figure 4: Extended Service Blueprinting  

The resulting map can therefore be translated in the 
Simulation model.  In particular, we decided to adopt 
ARENA, because it has already been used successfully in 
Service Context (Altiok and Melamed, 2007) because its 
nomenclature is really close to the ones adopted in the 
Extended Service Blueprinting.   

In Figure 5 a short example of a map transposed in the 
ARENA environment is reported. After the graphical 
representation of the Extended Blueprinting in the 
Simulator environment, each single sub-process should be 
defined. The information defining each single process are 
based on the element designed with the Service Explorer.  

 

Figure 5: Transposition of Extended Service Blueprinting 
in the ARENA environment  

Different elements should be set for each sub-process in 
the ARENA environment by using the following mask 
(Figure 6).  

 

Figure 6: ARENA process mask 

In particular three following elements should be defined: 

- Resources: This data should be consistent with the 
Entities and Attributes (Hardware and Humanware) 
defined in the View Model. In particular, it is possible 
to define the number and their availability. Other 
attributes can be defined as a proxy of the resources’ 
cost (e.g. Experience).  

- Priority: The priority should be selected in accordance 
with the QFD resulted in the Service Explorer. Each 
sub-process in the service blueprinting is connected 
with the Function in the view model and each 
function can be evaluated in terms of its impact on 
the RSPs. 

- Allocation: the allocation of the time and costs, in the 
company perspective, to each sub-process is defined 
considering the position in the Service Blueprinting 
of the activities:  

o Value-Added: the sub-process is visible by the 
customer. 

o Non Value-Added: the sub-process is carried out 
by the customer, the company does not have any 
kind of relationship with it. 

o Transit: the process carried out by the company 
but not visible by the customer.  

 

Different combinations of Resources/Entities in terms of 
characteristics and costs are used to define the different 
scenarios. The selection of which attributes should be 
modified can be done considering the QFD results. Each 
single scenario and sub-process has to be evaluated 
considering the time and the associated costs.  



5. Conclusions 

This paper presents a consistent procedure that supports 
combination of two tools: the Service Explorer and the 
ARENA Simulator. This is the starting point for the  
identification of a methodology, and related tools, that can 
support the PSS or SS engineering consistent with the 
customer expectation and value as well as the company 
performances. The developed procedure seems to fill the 
current gap in SE field..   

However, the proposed procedure needs to be further 
empowered since at the moment it is at a theoretical stage. 
Only a toy case has been carried out, with the aim to 
verify the logical connection of the different steps.  
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