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Abstract

This paper proposes eight groups of twenty nine scoring criteria that can help designers and practitioners to compare and select an appropriate
methodology for a certain problem in designing product service system (PSS). PSS has been researched for more than a decade and is now
becoming more and more popular in academia as well as industry. Despite that fact, the adoption of PSS is still limited for its potential. One of
the main reasons is that designing PSS itself is a challenge. Designers and developers face difficulties in choosing appropriate PSS design
methodologies for their projects so that they can design effective PSS offerings. By proposing eight groups of twenty nine scoring criteria, this
paper enables a “step by step” process to identify the most appropriate design methodology for a company’s PSS problem. An example is also
introduced to illustrate the use of the proposed scoring criteria and provide a clear picture of how different design methodologies can be utilized at
their best in terms of application.
& 2015 Society of CAD/CAM Engineers. Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

1.1. Product service system

Product service system (PSS) forms a special case in
servitization [36] where a company provides its customers
with an offering including physical product and non-physical
service. This new concept of providing PSS offering is
different from selling product only which is becoming more
and more difficult to compete, especially in today’s scenario of
economic crisis, growing environmental issues and diversified
customer demands [37,5,36]. As mentioned in literature, the
introduction of PSS can help companies to enhance competi-
tiveness, achieve social, environmental, and economic goals,
as well as attract and retain customers [7,28,27,8].

Formally, PSS is defined by many authors, including
Goedkoop et al. [10]. In this work, PSS was defined as “a
marketable set of products and services capable of jointly
fulfilling a user’s needs. The product/service ratio in this set
can vary, either in terms of function fulfillment or economic
value”. This definition makes the concept of PSS close to
functional economy [22] where customers pay for the “func-
tion” or the “use” of the solutions, not for the physical
products. PSS concept also matches with the thinking of
“hiring products to get jobs done” which was mentioned by
Bettencourt and Ulwick [7] and was further discussed by Lim
et al. [17] and Hussain et al. [12].
Some researchers suggested that PSS could be considered as

an integrated system which consists of products, services, and
the infrastructure to deliver a solution to a customer to satisfy
certain needs [28,27,36]. An example of PSS is the “document
management solution” which is discussed in the work of
Baines et al. [6]. Conventionally, a customer would buy a
physical product which is a photocopier. With the “PSS
model”, the customer will only “buy” the capability of
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document management and leave the rest of the work (refill,
maintenance, replace parts, etc.) to the manufacturer.

Early works on PSS related topics were carried out more
than a decade ago with pioneer researchers such as: Goedkoop
et al. [10], Mont [22] and Morelli [24]. As summarized by
Vasantha et al. [36], research on PSS has ranged from the
definition of PSS elements, generation of PSS offerings,
representation of PSS, etc. to the evaluation of PSS offerings,
sustainable development, design process for integrating pro-
ducts and services etc.

Tukker [34] classified PSS into 3 types as follows:

� Product oriented PSS: Company sells a product with
additional services to ensure the working condition of the
product. The ownership of the product is transferred to the
customer. Services such as: maintenance, repair, recycling,
refilling, etc. could be classified into this type.

� Use oriented PSS: Company sells the use or availability of a
product not owned by the customer. Examples of this type
are product leasing or sharing.

� Result oriented PSS: Company sells a result or capability of
a product not owned by the customer. For example, instead
of selling paint to a customer, the company can sell the
result, a painted house.

1.2. Benefits of PSS and challenges for adoption of PSS in
industry

Surveys by Baines et al. [6] and Beuren et al. [8] showed the
benefits of PSS to the consumer, provider, environment and
society. These benefits result from the higher level of satisfac-
tion, increased competitiveness, decreased environmental
impact and materials savings. The main benefit of PSS for
the company is that it pushes for continuous business
improvement, quality improvement, and better company–
customer relationship. Table 1, which is adapted from
Beuren et al. [8], shows how the PSS benefits the consumer,
provider, environment and society. In this sense, PSS is closely
related to sustainable development and green technology.

Although PSS brings plenty of benefits, it is still adopted
limitedly in the industry for its potentials. The major chal-
lenges in adopting PSS were suggested by Mont [22], Baines
et al. [6] and Beuren et al. [8]: first, consumers may not be
enthusiastic about ownerless consumption; second, the manu-
facturer may be concerned with pricing, absorbing risks and
shifting organization; and third, PSS design and development
itself is a challenge. PSS is difficult to design because it is an
integrated system consisting of products, services, and delivery
infrastructure, and is strongly affected by stakeholders.
Designers and developers need an appropriate design metho-
dology to deal with each design project. There are several
design methodologies available in literature but none of them
is holistic to work with a wide range of PSS problems and
there is a lack of analysis and guidance of possible applications
for each methodology.

2. Literature review

Many methodologies for designing PSS are presented in the
literature [36,17,8]. Some methodologies are case-specific,
meaning that they are tailored for specific projects, including
the ones proposed by Luiten et al. [18], Manzini and Vezolli
[19], and Morelli [23,24], etc. These are not generic for a
broad range of cases.
Other methodologies are suitable for designing of a broad

range of PSSs. Vasantha et al. [36] summarized eight
methodologies in the literature that have been detailed, applied,
and demonstrated with industrial examples. These methodol-
ogies can be applied in complex PSS development influenced
by many factors. Table 2 provides the brief description of
those eight methodologies. Details of eight methodologies are
provided in the work of Vasantha et al. [36].
Vasantha et al. [36] also pointed out major limitations of

these PSS design methodologies due to which, none of the
methodologies can solve PSS design problems comprehen-
sively. Selection of appropriate methodology for a specific PSS
problem is an essential part of PSS implementation. Designers
and practitioners need tools and guidelines that can support the
selection of the most appropriate methodology for their PSS
design problems. One of the well known generic selection
tools which is called Decision Matrix can be found in literature
[35]. This tool supports the selection of the most appropriate
item out of a “collection” through comparing items with one
another by scoring them along various criteria with various
levels of priority. So far, none of such scoring criteria is
available.
By analyzing existing literature on PSS design and devel-

opment with regards of the perspective of practitioners, this
paper aims to propose a new set of scoring criteria which
enables a step by step selection process of the most appropriate
design methodology using Decision Matrix. This supports

Table 1
Benefits of product service systems

PSS benefits

Consumer
Flexible and personalized service; quality and satisfaction;
Continuous improvement of products and services

Provider
Customer loyalty and trust;
Innovation by monitoring products in use
Cost and resources reduction; maximization of results; knowledge created
during the development process are sold as consulting and training services;
products reused in combination with several different services

Environment
Reduction in consumption through alternative use of product; Provider’s
responsible for the products and services through take-back, recycling, and
refurbishment-reducing waste throughout the product’s life; services planned
according to the life cycle of the product

Society
Public pressure on environmental issues grows;
Increase in the supply of services; new jobs
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designers and practitioners to effectively deal with their own
specific PSS problem and thus, this work provides an effective
and quantitative tool to optimally use PSS design methodol-
ogies in various scenarios.

3. Methodology

3.1. Scoring criteria in comparing design methodologies

As discussed in Section 2, so far, there is no existing scoring
criterion available to compare design methodologies. Without
scoring criteria, the comparison among design methodologies
would not be quantitatively precise and objective. Following
analyses show how the authors propose scoring criteria. The
names of groups of criteria and the grouping are proposed by
the authors.

3.1.1. Group 1: holistic approach
Vasantha et al. [36] implied that there are differences among

design methodologies for different types of PSS (i.e. product
oriented PSS, use oriented PSS, and result oriented PSS). For
example, a design methodology which is used effectively for
product oriented PSS sometimes cannot be used for use
oriented PSS. As a designer, one may concern whether a
design methodology is appropriate for his PSS problem or not.
When selecting a design methodology, this “holistic approach”
becomes one factor which influences the designer’s decision.
Therefore, there is a need of a group of scoring criteria which
is named “holistic approach”. Scoring criteria of the group
includes:

� usability for product oriented PSS,
� usability for use oriented PSS, and

� usability for result oriented PSS.

3.1.2. Group 2: practical approach
As pointed out by Baines et al. [6], Vasantha et al. [36], and

Cavalieri and Pezzotta [9], one thing that limits the adoption of
PSS to industry is the lack of practical approach of design
methodologies. Some among the existing design methodolo-
gies do not include the “how” in their design process meaning
that they do not show the designers how to use the methodol-
ogy in actual cases in a step-by-step manner which is highly
interested by designers and practitioners. In some methodolo-
gies, the presence of a clear process flow is missing. For most
of methodologies, detailed design activities through the design
process and design checkpoints which are critical factors for
practical application are also not available. When selecting a
design methodology, a designer may concern whether the
design methodology is “practical” or not and therefore, there is
a need of a group of scoring criteria which is named “practical
approach”. If a design methodology is practical, it can provide
a step by step design process which can help designing PSS
effectively. Scoring criteria of the group includes:

� availability of process flow,
� availability of design activities through the flow,
� availability of design checkpoints, and
� availability of product–service integration details.

3.1.3. Group 3: co-creative approach
Luiten et al. [18] implied that one important factor that leads

to the successful implementation of a PSS design methodology
is the consideration of co-creation of users in the design
process. If a design methodology is co-creative, it can promote
user involvement during the design process and thus enhance

Table 2
Eight methodologies which were reviewed by Vasantha et al. [36], The bold names in parentheses represent nomenclatures of methodologies in this paper.

Method Description

Service CAD A method to design business models that increase eco-efficiency from a systemic perspective.
(Service CAD) [33,14–16]
Service model Focuses on service engineering to design products with a higher added-value from enhanced services.
Service explorer Sakao and Shimomura [26]; Shimomura et al. [30,29]; Sakao et al. [28,27]; Kimita et al. [13]; Hara et al. [11].
(Service explorer)
Integrated product and service design processes Exploits the potential of interrelations between physical products and non-physical services and the development

of corresponding design processes.
(Integrated PSD) Aurich et al. [3,4].
Fast-track total care design process(FTTC) Develops innovative offerings consisting of hardware and services integrated to provide complete functional

performance.
Alonso-Rasgado et al. [1,,2]

PSS design Assists engineers in the joint development of physical products and interacting services to generate more added
value.

(PSS design) Maussang et al. [20].
Heterogeneous IPS2 concept Modeling A model based approach of diffuse borders between products and services that generates heterogeneous
(IPS2) Industrial Product-Service Systems (IPS2) concept models in the early phase of IPS2 development.

[21,,38,,25].
The dimensions of PSS design A comprehensive description of PSSs capable of generating new PSS concepts.
(Dimensions) Tan et al. [31,32].
The design process for the development of an
integrated solution

Development of methodological tools to support designers and generate systemic solutions including products
and services.

(Integrated solution) Morelli [23,24].
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the outcome. But for most of existing design methodologies,
the co-creation factors are missing. There is a lack of detailed
description about stakeholders’ roles and capabilities as well as
the details of where to take into account user involvement. To
precisely select a design methodology as a designer, a group of
scoring criteria named “co-creative approach” is necessary.
Scoring criteria of the group includes:

� specification of stakeholders’ roles and capabilities and
� detail of where to take into account user involvement

3.1.4. Group 4: systemic approach
Tomiyama [33], Mont [22], Morelli [23,24], Baines et al.

[6], Komoto and Tomiyama [14,15], Komoto [16], and
Vasantha et al. [36] mentioned that a PSS should be designed
at systemic level meaning that all PSS elements such as:
product, service, business model, organizational structure,
delivery channel and stakeholder’s presence are considered
in the design process. This is because PSS is an integrated
system of all the above elements. In order to select the right
design methodology for a PSS problem, “systemic approach”
becomes one important group of criteria. Scoring criteria of the
group includes:

� coverage of business model,
� coverage of organizational structure,
� coverage of delivery channel,
� coverage of product and service, and
� coverage of stakeholder’s presence.

3.1.5. Group 5: lifecycle approach
The approach of designing PSS through its lifecycle is

important and has been stressed by Manzini and Vezolli [19],
Meier and Massberg [21], Aurich et al. [3,4] and Baines et al.
[6]. They commented that a PSS needs to be designed from the
very first idea until the retirement. The design methodology
needs to consider the phases such as: idea development,
planning, requirement analysis, etc. in its design process. This
is critical to the application of PSS nowadays. Therefore, there
is a need for a group of scoring criteria named “Lifecycle
approach” when a designer wants to select an appropriate
design methodology. Scoring criteria of the group includes:

� coverage of idea development,
� coverage of PSS planning,
� coverage of requirement analysis,
� coverage of concept development,
� coverage of design and integration,
� coverage of testing and refinement,
� coverage of implementation and support
� coverage of retirement and recycling
� coverage of feedback loops
� coverage of sustainable design

3.1.6. Group 6: evaluable approach
Evaluation is one important issue in PSS design. Evaluation

of a PSS before its official launching might help to decrease

risk and uncertainty dramatically [36]. But for most of existing
design methodologies, the “evaluation” aspect was not con-
siderably developed, as mentioned by Baines et al. [6],
Komoto [16] and Vasantha et al. [36]. If a design methodology
is evaluable, meaning that it includes evaluation algorithms
and/or testing results and/or a well structured design process, it
can produce predictable and assessable outcome. Because of
the importance of the evaluation aspect to the success of PSS
design and implementation, for selecting the most appropriate
design methodology for a PSS problem, a designer needs a
group of scoring criteria named “Evaluable approach”. Scoring
criteria of the group includes:

� availability of algorithms for evaluation
� availability of testing and evaluation results with a case
� presence of well structured design process

3.1.7. Group 7: computer aided approach
If a design methodology is supported by a computer tool, it

can accelerate the work of designers and developers. There are
a few design methodologies which offer computer tools.
“Computer aided approach” can be considered as another
group of scoring criteria when selecting an appropriate design
methodology. Scoring criteria of the group includes:

� availability of computer tool to assist design process

3.1.8. Group 8: proved approach
From the designers’ perspective, there is a need for one

more group of scoring criteria named “Proved approach”. This
group contains criteria that show the design methodology is
proved to be applicable in real cases. If the result of a design
methodology is proved, it can give designers and developers
confidence to use. Scoring criteria of the group includes:

� availability of successful cases

Through the analysis above, we propose totally eight groups
of twenty nine scoring criteria including Holistic approach,
Practical approach, Co-creative approach, Systemic approach,
Lifecycle approach, Evaluable approach, Computer aided
approach and Proved approach. These criteria reflect almost
all aspects that practitioners need from a design methodology.
Using tools such as Decision Matrix, along these scoring
criteria, the methodologies will be compared and the best
methodology can be identified.

3.2. Application of the proposed scoring criteria to compare
and select design methodologies

In this section, we propose an example framework which
uses the proposed scoring criteria to select the most appropriate
design methodology from a given group of existing design
methodologies.
To compare design methodologies, we start with identifying

the score that each methodology earns for each criterion. The
scoring rules are adapted from Vasantha et al. [36]. If a
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criterion is not mentioned in a design methodology, we give it
a score of “0”. If an criterion is briefly mentioned (but is not
discussed in detail) in a design methodology, we give it a score
of “1”. Finally, if a criterion is discussed in detail in a design
methodology, we give it a score of “2”. The total score that a
methodology earns for a group of criteria is the total sum of
scores that it earns for criteria in that group.

Each single PSS design project has its own characteristics
and thus, for each project, designers and developers might
have different priority levels for different features of a design
methodology. These “features” are reflected by the proposed
scoring criteria. To construct a process that can help designers
and developers to select the most appropriate design metho-
dology for their PSS problem, we hereby use Decision Matrix,
a tool that is used to describe a multi-criteria decision analysis
(MCDA) problem and was used in the domain of New Product
Development to select the best product concept [35]. The steps
of the selection of PSS design methodology are illustrated as
follows (Fig. 1).

In this part, we use an example of a company to illustrate
how the above selection process can be implemented. It is
assumed that small company A needs to design a new PSS
which is about leasing technical manuals and books together
with supporting services (lectures, application workshops,
technical contests, etc.). Their target customers are engineering
individuals as well as small technical companies. This is niche
market and their PSS is highly customized due to the
diversified demands of various customers.

In order to design a new PSS, company A needs to use a
design methodology. They decide to select one from the eight
existing design methodologies (mentioned in Section 2) which
are well known in literature [36]. Due to the characteristics of
Company A and their PSS problem, they require the metho-
dology to be:

� Co-creative: This is important since company A’s PSS is
customer intensive.

� Evaluable: This is important since company A is a small
company, they need to minimize the risk before launching
the PSS by evaluating the outcome.

� Practical: This is rather important since company A’s
employees are not PSS experts and they need a clear
guideline to design PSS.

� Computer aided: This is rather important since the employ-
ees can be supported to simplify the design tasks.

� Lifecycle: This is required but somehow less important.
Company A wants to manage the lifecycle of its product
and services effectively.

The methodology does not need to be:
� Holistic: This is not required since company A is dealing

with only one type of PSS.
� Systemic: This is not required since the PSS which is

provided by company A does not require complex networks
and infrastructure.

� Proved: This is not required since this leasing PSS is rather
new in company A’s market.

The question is which one among the eight existing design
methodologies is the most appropriate methodology for
designing Company A’s PSS problem. Using the proposed
eight groups of scoring criteria, we implement the above
process to this case. Details of the steps are as follows:

3.2.1. Preparation phase

� Step 1: Prepare a list of possible/available PSS design
methodologies.

Implementation: We prepare a list of eight PSS design
methodologies, which are: Service CAD, Service Explorer,
Integrated PSD, FTTC, PSS Design, IPS2, Dimensions, and
Integrated Solution.

� Step 2: Score methodologies along all scoring criteria.

Implementation: We score these eight methodologies with
scoring rules mentioned in Section 3.2. The scoring results are
shown in Table 3.

3.2.2. Selection phase

� Step 3: Define a list of scoring criteria of interest (for the
PSS problem).

Fig. 1. Steps to select design methodology for a PSS problem.
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Table 3
Scoring result of eight methodologies.

Group Scoring criterion Service
CAD

Service
Explorer

Integrated
PSD

FTTC PSS
Design

IPS2 Dimensions Integrated
Solution

Holistic
approach

usability for product oriented
PSS

2 1 2 2 2 1 1 0

usability for use oriented PSS 0 2 1 0 1 2 1 1
usability for result oriented PSS 0 1 0 0 1 1 1 2
Total score 2 4 3 2 4 4 3 3

Practical
approach

availability of process flow 2 2 2 2 2 2 2 2
availability of design activities
through the flow

2 2 2 2 1 2 0 2

availability of design checkpoints 2 2 0 0 0 2 0 2
availability of product – service
integration details

2 2 2 2 2 2 1 2

Total score 8 8 6 6 5 8 3 8
Co-creative
approach

specification of stakeholders’
roles and capabilities

2 2 0 2 2 1 1 1

detail of where to take into
account user involvement

1 1 0 2 2 1 1 1

Total score 3 3 0 4 4 2 2 2
Systemic
approach

coverage of business model 1 1 0 2 1 1 2 2
coverage of organizational
structure

0 0 0 0 1 0 0 1

coverage of delivery channel 1 2 1 1 1 2 1 1
coverage of product and service 2 2 2 2 2 2 2 2
coverage of stakeholder’s
presence

2 2 0 2 2 1 2 2

Total score 6 7 3 7 7 6 7 8
Lifecycle
approach

coverage of idea development 0 0 2 2 0 2 2 0
coverage of PSS planning 0 0 2 2 0 2 2 2
coverage of requirement analysis 0 2 2 2 2 2 2 2
coverage of concept development 0 2 2 2 2 2 2 2
coverage of design and
integration

2 2 2 2 2 2 1 2

coverage of testing and
refinement

2 0 2 2 0 2 2 2

coverage of implementation and
support

0 0 0 0 0 2 0 0

coverage of retirement and
recycling

0 0 0 0 0 0 0 0

coverage of feedback loops 2 0 0 0 0 0 0 0
coverage of sustainable design 0 0 0 0 1 0 0 0
Total score 6 6 12 12 7 14 11 10

Evaluable
approach

availability of algorithms for
evaluation

2 0 0 1 0 0 0 0

availability of testing and
evaluation results with a case

2 0 0 0 0 0 0 0

presence of well structured
design process

2 2 2 2 2 2 0 2

Total score 6 2 2 3 2 2 0 2
Computer aided availability of computer tool to

assist design process
2 2 0 0 0 0 0 0

Total score 2 2 0 0 0 0 0 0
Proved
approach

availability of successful cases 0 2 2 0 2 2 0 2
Total score 0 2 2 0 2 2 0 2
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Implementation: Due to the above analysis about require-
ments for the methodology, “Co-creative”, “Evaluable” need
to be assigned with highest importance factor. “Practical” and
“Computer aided” need to be assigned with the second highest
importance factor. “Lifecycle” needs to be assigned with a
medium importance factor. After the discussion among Com-
pany A’s design team members, the assignment of importance
factors to criteria is shown in Table 4.

� Step 3b: Prune methodologies which are obviously inap-
propriate. Prioritize each scoring criterion with an impor-
tance factor (i.e. weight) according to PSS problem’s
characteristics.

Implementation: From the scoring result in Table 3, we see
that five methodologies, which are: Integrated PSD, FTTC,
IPS2, Dimensions and Integrated Solutions can be pruned from
the list because they gain the lowest scores for being “co-
creative”, “evaluable” and “computer aided”.

� Step 4: Prepare the decision matrix and calculate final score
each methodology earns (considering importance of each
scoring criterion).

Implementation: According to the scoring result in Step 2,
the definition of design interests in Step 3 and the
pruning or inappropriate methodologies in Step 3b, Company
A’s design team assign importance factors for design
scoring criteria and prepare the decision matrix as shown in
Table 4.

� Step 5: Specify the highest scored design methodology

Implementation: We calculate weighted scores for 3 meth-
odologies which are: Service CAD, Service Explorer and PSS
Design and the results are shown on Table 4. According to
Table 4, for Company A’s design interests, Service CAD
which gains the highest final score of 4.8 appears
to be the most appropriate methodology. Service CAD will
be the selected methodology for Company A’s design
problem.

3.2.3. Improvement phase

� Step 6: Consider low scored design methodologies to utilize
their “high performance” criteria and try to implement those
“positive points” into the highest scored design methodol-
ogy in Step 5 or try to implement those positive points into
other design methodologies to form new methodologies and
repeat the selection process from Step 1.

Implementation: From Table 4, we see that, the methodol-
ogy named “PSS Design” performs the best for “co-creative”.
Company A might want to try to implement this positive point
of “PSS Design” methodology to the selected methodology
(i. e. Service CAD) to form a more effective methodology. For
a comparison in a higher level of details, company A can put
any criterion among 29 criteria in the decision matrix.

4. Discussions

By applying the proposed scoring criteria and the compar-
ison scheme, through a step by step process, company A can
effectively and quantitatively identify the most appropriate
design methodology for their specific PSS problem. In general,
any company can apply this approach to any collection of
design methodologies to indentify which methodology is the
most appropriate for a certain PSS design problem. The
comparison result of eight methodologies shows that for
company A’s PSS problem, the most appropriate methodology
is “Service CAD”. If company A uses a randomly “trial and
error” selection tactic, the possibility of choosing the inap-
propriate methodology will be 87.5% (i.e. 7/8).
The main contribution of this paper is the proposal of eight

groups with twenty nine scoring criteria along which the
methodologies can be scored, compared and the most appro-
priate methodology for a certain PSS problem can be
identified. These scoring criteria are the enabling factors for
the selection of PSS design methodologies.
In the future, there will be more and more PSS design

methodologies proposed and these criteria can be applied to
support designers to select the most appropriate design

Table 4
Decision matrix for the selection of Company A

Scoring criterion Methodology Service CAD Service Explorer PSS Design

Importance (%) Score Weighted Score Score Weighted Score Score Weighted Score

Holistic approach 0 2 0 4 0 4 0
Practical approach 15 8 1.2 8 1.2 5 0.75
Co-creative approach 30 3 0.9 3 0.9 4 1.2
Systemic approach 0 6 0 7 0 7 0
Lifecycle approach 10 6 0.6 6 0.6 7 0.7
Evaluable approach 30 6 1.8 2 0.6 2 0.6
Computer aided approach 15 2 0.3 2 0.3 0 0
Proved approach 0 0 0 2 0 2 0
Final score 4.8 3.6 3.25
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methodology from any set of design methodologies. Also, this
paper introduces the use of Decision Matrix as a tool for the
selection of PSS design methodologies which are different
from product concepts in the conventional situation.

The main advantage of the proposed criteria is the ability to
assist designers to compare PSS design methodologies along
various aspects and thus, the comparison result is comprehen-
sive and significant. In this sense, the criteria act as require-
ments for a methodology which is under consideration.
Therefore, the selection process focuses on the “needs” of
designers and produces precise result (i.e. selection).

There are certain limitations for the appoach in this paper.
The criteria are retrieved from analysis of existing literature. A
survey of opinions from researchers and designers might be
needed to ensure accuracy and adequacy. Also, there is a lack
of method to assist designers to assign importance exactly in
scoring step. There might be alternative methods to compare
PSS design methodologies other than Decision Matrix. One of
the possible methods is weighted Radar Chart in which
weighted scores are used instead of raw scores. This weighted
Radar Chart enhances visuality of the comparison result as
well as enables rapid detection of possible improvements
(“Improvement phase” – Step 6 in Section 3.2).

5. Conclusions

In this paper, the authors propose eight groups with twenty
nine scoring criteria to enable a step by step process that can
specifically help designers and practitioners to select appro-
priate design methodologies for their PSS problems. We also
include an example in to illustrate how a company can use the
proposed eight groups of scoring criteria and the comparison
scheme to identify the most appropriate design methodology
for its own specific PSS problem from a set of eight popular
existing design methodologies. Future work might contain the
topic of developing a new PSS design methodology which is
“customizable” and “adaptive” so that it can transform itself to
effectively solve a wide range of PSS design problems.

Conflict of interest

There is no conflict of interest for this work.

Acknowledgment

This research was supported by Basic Research Program
through the National Research Foundation of Korea (NRF)
funded by the Ministry of Education (No.
2013R1A1A2013649).

References

[1] Alonso-Rasgado T, Thompson G, Elfström B. The design of functional
(total care) products. J. Eng. Des. 2004;15(6)515–40.

[2] Alonso-Rasgado T, Thompson G. A rapid design process for Total Care
Product creation. J. Eng. Des. 2006;17(6)509–31.

[3] Aurich JC, Fuchs C, Wagenknecht C. Life cycle oriented design of
technical Product-Service Systems. J. Clean. Prod. 2006;14(17)1480–94.

[4] Aurich JC, Fuchs C, Wagenknecht C. Modular design of technical
product-service systems. In: Brissaud, D, editor. Innovation in Life Cycle
Engineering and Sustainable Development. Springer; 2006. p. 303–20.

[5] Aurich JC, Mannweiler C, Schweitzer E. How to design and offer service
successfully. CIRP J. Manuf. Sci. Technol. 2010;2:136–43.

[6] Baines TS, Lightfoot H, Steve E, Neely A, Greenough R, Peppard J, Roy
R, Shehab E, Braganza A, Tiwari A, Alcock J, Angus J, Bastlm M,
Cousens A, Irving P, Johnson M, Kingston J, Lockett H, Martinez V,
Michele P, Tranfield D, Walton I, Wilson H. State – of – the – art in
product service systems. Proc. Inst. Mech. Eng. Part B: J. Eng. Manuf.
2007:1543–52.

[7] Bettencourt LA, Ulwick AW. The customer-centered innovation map.
Harv. Bus. Rev. 2008;5:109–14.

[8] Beuren FH, Ferreira MGG, Miguel PAC. Product–service systems: a
literature review on integrated products and services. J. Clean. Prod.
2013;47:222–31.

[9] Cavalieri S, Pezzotta G. Product–service systems engineering: state of the
art and research challenges. Comput. Ind. 2012;63:278–88.

[10] Goedkoop, M.J., van Halen, C.J.G., te Riele, H.R.M., Rommens, P.J.M.,
1999. Product service systems, ecological and economic basis. Report to
Ministry of Housing, Spatial Planning and the Environment Commu-
nications Directorate, The Hague, NL.

[11] Hara T, Arai T, Shimomura Y, Sakao T. Service CAD system to integrate
product and human activity for total value. CIRP J. Manuf. Sci. Technol.
2009;1(4)262–71.

[12] Hussain R, Lockett H, Vasantha GAV. A framework to inform PSS
conceptual design by using system-in-use data. Comput. Ind. 2012;63:
319–27.

[13] Kimita K, Shimomura Y, Arai T. A customer value model for sustainable
service design. CIRP J. Manuf. Sci. Technol. 2009;1(4)254–61.

[14] Komoto H, Tomiyama T. Integration of a service CAD and a life cycle
simulator. CIRP Ann. – Manuf. Technol. 2008;57:9–12.

[15] Komoto H, Tomiyama T. Design of competitive maintenance service for
durable and capital goods using life cycle simulation. Int. J. Autom.
Technol. 2009;3(1)63–70.

[16] Komoto H. Computer Aided Product Service Systems Design (Service
CAD and its integration with Life Cycle Simulation) (Ph.D. thesis). Delft,
the Netherlands: Delft University of Technology; 2009.

[17] Lim CH, Kim KJ, Hong YS, Park KT. PSS Board: a structured tool for
product – service system process visualization. J. Clean. Prod. 2012;37:
42–55.

[18] Luiten, H. Knot, M., van der Host, T., 2001. Sustainable product service
systems: the kathalys method. In: Proceedings of the 2nd International
Symposium on Environmentally Conscious Design and Inverse Manu-
facturing. Tokyo, December 11–15, pp. 190–197.

[19] Manzini E, Vezolli C. A strategic design approach to develop sustainable
product service systems: examples taken from the “environmental
friendly innovation” Italian prize. J. Clean. Prod. 2003;11:851–7.

[20] Maussang N, Zwolinski P, Brissaud D. Product-service system design
methodology: from the PSS architecture design to the products specifica-
tions. J. Eng. Des. 2009;20(4)349–66.

[21] Meier H, Massberg W. Life cycle-based service design for innovative
business models. CIRP Ann. – Manuf. Technol. 2004;53(1)393–6.

[22] Mont OK. Clarifying the concept of product–service system. J. Clean.
Prod. 2002;10:237–45.

[23] Morelli N. The Design of Product/Service Systems from a Designer’s
Perspective. Common Ground (London): Staffordshire University Press;
2002.

[24] Morelli N. Developing new product service systems (PSS): methodolo-
gies and operational tools. J. Clean. Prod. 2006;14:1495–501.

[25] Sadek, T. Theiss, R., 1664. Knowledge based assistance for conceptual
development of industrial product-service systems. In: Proceedings of the
6th CIRP-Sponsored International Conference on Digital Enterprise
Technology, Advances in Intelligent and Soft Computing, vol. 66,
pp. 1647–1664.

[26] Sakao T, Shimomura Y. Service engineering: a novel engineering
discipline for producers to increase value combining service and product.
J. Clean. Prod. 2007;15:590–604.

T. Tran, J.Y. Park / Journal of Computational Design and Engineering 3 (2016) 112–120 119

http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref1
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref1
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref2
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref2
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref3
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref3
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref4
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref4
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref4
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref5
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref5
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref6
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref6
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref6
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref6
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref6
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref6
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref7
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref7
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref8
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref8
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref8
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref9
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref9
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref10
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref10
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref10
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref11
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref11
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref11
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref12
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref12
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref13
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref13
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref14
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref14
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref14
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref15
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref15
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref15
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref16
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref16
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref16
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref17
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref17
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref17
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref18
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref18
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref18
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref19
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref19
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref20
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref20
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref21
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref21
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref21
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref22
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref22
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref23
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref23
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref23


[27] Sakao T, Shimomura Y, Sundin E, Comstock M. Modeling design
objects in CAD system for service/product engineering. Comput.-Aided
Des. 2009;41:197–213.

[28] Sakao T, Birkhofer H, Panshef V, Dorsam E. An effective and efficient
method to design services: empirical study for services by an investment
machine manufacturer. Int. J. Internet Manuf. Serv. 2009;2:95–110.

[29] Shimomura Y, Hara T, Arai T. A service evaluation method using
mathematical methodologies. CIRP Ann. – Manuf. Technol. 2008;57:
437–40.

[30] Shimomura Y, Hara T, Arai T. A unified representation scheme for
effective PSS development. CIRP Ann. – Manuf. Technol. 2009;58:
379–82.

[31] Tan AR, McAloone TC, Hagelskjær LE. Reflections on product/service-
system (PSS) conceptualisation in a course setting. Int. J. Des. Eng. 2009.

[32] Tan AR, Matzen D, McAloone T, Evans S. Strategies for designing and
developing services for manufacturing firms. CIRP – J. Manuf. Sci.

Technol. 2010;3(2)90–7.

[33] Tomiyama, T., 2001. Service engineering to intensify service contents in
product life cycles. In: Proceedings of the Second International Sympo-
sium on Environmentally Conscious Design and Inverse Manufacturing,
Tokyo, Japan, pp. 613–618.

[34] Tukker A. Eight types of product-service system: eight ways to
sustainability? Experiences from SusProNet. Bus. Strategy Environ.
2004;13:246–60.

[35] Ulrich KT, Eppinger SD. Product Design and Development, 5th edition,
Irwin: McGraw-Hill; 2012.

[36] Vasantha GVA, Roy R, Lelah A, Brissaud D. A review of product-
service systems design methodologies. J. Eng. Des. 2012;23(9)635–59.

[37] Weber, C., Steinbach, M., Botta, C., Deubel, T., 2004. Modeling of
product-service systems (PSS) based on the PDD approach. In: Proceed-
ings of the International Design Conference. Dubrovnik, Croatia, May
18–21, pp. 547–554.

[38] Welp, E.G., Meier, H., Sadek, T., Sadek, K., 2008. Modelling approach
for the integrated development of industrial product-service systems. In:
Proceedings of the 41st CIRP Conference on Manufacturing Systems.

T. Tran, J.Y. Park / Journal of Computational Design and Engineering 3 (2016) 112–120120

http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref24
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref24
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref24
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref25
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref25
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref25
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref26
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref26
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref26
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref27
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref27
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref27
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref28
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref28
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref29
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref29
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref29
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref30
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref30
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref30
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref31
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref31
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref32
http://refhub.elsevier.com/S2288-4300(15)30023-3/sbref32



