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Abstract

Product-service systems (PSSs) are regarded as one of the promising ways to contribute to a
sustainable society. Despite the well-developed knowledge, PSS design lack of long-term
perspective to treat related changes and uncertainties. To address this issue, this paper proposes a
conceptual framework of sustainable PSS design for sustainability transition by integrating insight
from design approach for system innovation and transition. Applicability of the proposed
framework is illustrated through application to example of PSS development project for wildlife
nuisance in a suburban city.
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1. Introduction

Currently, there are strong demands to address urgent sustainability challenges caused by environmental
pollution and resource consumption with poor planning due to modern mass production and the mass
consumption economy. One promising way to address these challenges is the development of product-
service systems (PSSs), which fundamentally change the traditional production and consumption model
through highly integrated products, services and supporting networks (Mont, 2002; Cavalieri and
Pezzotta, 2012; Vezzoli et al., 2016). A PSS does not only focus on the profits gained from the sale of
products, but it also improves the eco-efficiency of resources and builds long-term relationships with
customers by delivering services and supporting them appropriately throughout the product life cycle
(Mont, 2002). In other words, the PSS approach is in the economic and competitive interest of providers
to foster continuous innovation in reducing environmental impact and improving social equity and
cohesion (Vezzoli et al., 2016). To realize the above benefits of PSS, there are methodologies to design
PSS developed across several motivations (Cavalieri and Pezzotta, 2012; Vasantha et al., 2012). These
methodologies can assist designers in each development stage (e.g. requirement management, concept
development, evaluation, implementation...).

Despite the well-developed knowledge, several scientific reports pointed out limitations related to PSS
design. In particular, Vasantha et al. (2012) reported a lack of long-term perspective for PSS to treat
related risks and uncertainties. The main root cause of this issue is the PSS design research mainly
focuses on the beginning of life (design and realization) (Cavalieri and Pezzotta, 2012). To
accommodate unpredictable uncertainty of environment surrounding PSS and itself (change in
customer requirement and expectations for PSS, unexpected interaction via the network, technological
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progress, intentional attacks from outside etc..), it is necessary to design adaptive PSS structure by
anticipating any changes and risks in the early design stages.

Against the above background, this paper aims to develop a conceptual framework for sustainable PSS
complementing long-term perspective deal with uncertainties related to PSS and its surrounding
environment by integrating knowledge from emerging design approach for system innovations and
transitions to sustainability, or shortly, sustainability transitions (Loorbach, 2010; Gaziulusoy and
Oztekin, 2019). This emergent design approach can provide a complementary long-term and adaptive
perspective to design sustainable PSS.

The rest of paper is as follows. Section 2 presents a motivation and research method of this study.
Section 3 provides a summary of relevant literature and key insights upon which the conceptual
framework is developed. Section 4 proposes a conceptual framework of sustainable PSS design for
sustainability transition by integrating the insight explained in Section 3. The proposed framework is
applied to the example of PSS development in Section 5. Then, this paper is finalized with Section 6.

2. The motivation for multidisciplinary research in PSS

In the current society with the increasing complexity and uncertainty, design, technology and
elsewhere have to face and deal with “messy problematic situations.” (Rittel and Webber, 1973; Cross,
2001). The integration of several disciplines is one of the ways to address such a wicked problem in
the current sustainability paradigm (Rittel and Webber, 1973; Ledford, 2015). In terms of PSS
research field, some studies noticed the need for multi- and interdisciplinary research to tackle design
in the sustainability paradigm (Sakao and Shimomura, 2007; Vasantha et al., 2012; Baines et al., 2017;
Brambila-Macias et al., 2018). Designing a PSS is a multidimensional activity that requires interaction
between the designer, social actors (including policymakers, governmental agencies, NGOs and
marketing) and technological artefacts producer (Morelli, 2003; Ceschin, 2013).

Design science research, which roots in engineering design and information systems, can be adopted
as a research methodology that reinforces an approach addressing the above need (Hevner et al.,
2004). This research therefore focuses on understanding the context of complex phenomena then
creating and evaluating artefacts that solve the complex problems. This research comprises activities
focused on building and applying new artefacts and evaluating the created artefacts. To improve the
robustness of this study, the research was built upon a design science research approach. According to
the design science research, this research was conducted in three main stages: (1) conceptual
framework development of design artefacts, (2) application of the design artefacts, and (3) evaluation
of the developed design artefacts. Specifically, this paper concentrates on stage (1) conceptual
framework development of design artefacts. This paper develops a conceptual framework of
sustainable PSS design for sustainability transition based on a review of the literature on PSS design
and design for sustainability transitions (Section 3). The analysis result that provides the theoretical
foundations for the framework is presented in section 4.

3. Theoretical foundations: insight from literature

In order to develop conceptual framework, this paper makes an initial theoretical foundation by
integrating relevant insight from PSS design and design for sustainability transitions. The following
subsection presents a summary of relevant literature and key insights.

3.1. Existing PSS design approaches

In the design field, the methods, guidelines and operational tools for PSS design are proposed across
authors’ views, depending on their definitions of PSS and specific objectives (Annarelli et al., 2016;
Morelli, 2006; Vasantha et al., 2012). PSS design focuses on integrating business models, products and
services together throughout the life cycle stages, creating innovative value addition for the system
(Vasantha et al., 2012). Extant PSS design process models mainly covered the beginning of fife (BoL),
which composed of requirement management, concept development and evaluation, design embodiment
and evaluation, detailed design and test (Cavalieri and Pezzotta, 2012; Vasantha et al., 2012).
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At the beginning of PSS design research, Morelli (2003) started to argue about the design process for the
development of services. Thereafter, Morelli also pointed out that PSS design methodologies should
focus on the requirements for the PSS and its organizational structure, the identification of involved
actors, the possible scenarios of PSS use cases and the sequences of actors’ roles, as well as the
representation of the PSS in all of its components (Morelli, 2006). During the same period, Aurich et al.
(2006) proposed a process for the systematic design of technical PSS, which integrates product design
and technical service design process. They introduced an object-oriented technical-service model to
support the specification of technical service during design. Sakao and Shimomura (2007) proposed a
PSS engineering methodology (process and computer-aided tools) to achieve sustainable production and
consumption. This approach includes the identification of stakeholders’ value and describing realization
structure based on their value using the Flow Model and extended blueprint. Furthermore, Shimomura et
al. (2009) developed a method for designing product and service activity collaboratively and
concurrently to maximise the customer’s value by mutually link service content and service activity.
More recently, the research on this topic increasingly focuses on challenges of design: (1) applicability of
PSS design methodologies in an industrial context and (2) integration that covers the whole stages of the
PSS design process (Cavalieri and Pezzotta, 2012). New generic design methodology as a conceptual
guideline for designers is proposed to address all types of PSS (product, use or result-oriented PSS) (Tran
and Park, 2014). This methodology addresses analysing the characteristic of PSS types, the design processes
of products and services, stakeholder involvement and the change in business model and organization
structure. Pezzotta et al. (2016) proposed a service engineering methodology composed of two areas
(customer perspective and the company’s internal performance) to assist companies in balancing the
company’s internal and external performance while PSS design. To address the abovementioned challenges,
Andriankaja et al. (2018) built the PSS design method via the integration between a highly standardized
product-oriented framework (functional analysis approach) and a specific PSS-oriented design approach.
This integration has mediated throughout the development of the design-oriented decision-aid tool.

Whereas most extant research has focused on the generation of PSS design methodologies, there is a lack
of long-term perspective for PSS to treat related risks and uncertainties. Likewise, the other life cycle
phases such as implementation and monitoring are not addressed sufficiently (Cavalieri and Pezzotta,
2012; Vasantha et al., 2012). Furthermore, while several methods and tools have developed, the
application of the proposed methods remain very limited (Ceschin, 2013). Therefore, recent research
starts to work on methodologies and frameworks for implementation and diffusion of PSS (Ceschin,
2014; Vezzoli et al., 2016).

3.2. The design approach for sustainability transitions

In light of the changes in social conditions, sustainability transition is necessary to achieve a
sustainable society. Sustainability transition is a transformative restructuring of a Socio-Technical
System (STS) that fulfils our requirements (Geels, 2011). These transformations cover institutional,
social/cultural, organizational as well as technological change (Loorbach, 2010).

(Geels, 2004, 2011) proposed the multi-level perspective (MLP) framework, which conceptualizes
overall dynamic patterns in socio-technical transitions to sustainability. This framework views
transitions as non-linear processes that result from the interplay of developments at three analytical
levels: niches (micro), socio-technical regimes (meso) and an exogenous socio-technical landscape
(macro) (Geels, 2004). The regime level is the primary level because transitions are defined as shifts
from one regime to another. The niche and landscape levels can be seen as ‘derived concepts’ because
they are defined in relation to the regime, namely as practices or technologies that deviate
substantially from the existing regime and as external environments that influence interactions
between niche(s) and regime (Geels, 2011).

Nevertheless, the framework continues to be a helpful analytical tool for investigating sustainability
transitions. To realize the contribution to sustainability, it is essential to appropriately design and diffuse
products/services to be accepted by the target system. In response to the above-mentioned requirements
for sustainability transition, a new discipline, design for sustainability transition (DfST), has emergent
(Gaziulusoy and Brezet, 2015; Joore and Brezet, 2015; Gaziulusoy and Oztekin, 2019). This approach
regards sustainability as a moving target, which should be planned through a process-based, multi-scale
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and systemic approach. Since sustainability is a dynamic system property and not predictive, it is guided
by targets/visions, instead of traditional goal-based optimization approaches (Gaziulusoy and Brezet,
2015).The DfST frameworks usually consist of four cyclic and adaptive processes: establishment of
transition arena (key stakeholders network), development of long term sustainability visions and a shared
transition agenda (routes to a vision via intermediate objectives), initiation of socio-technical
experiments, evaluating, monitoring and learning (Vezzoli et al., 2008; Loorbach, 2010; Ceschin, 2013).
To operationalize such a framework for design activities, the methodologies towards DfST have been
developed. In DfST field, drawing strategic pathways for transitions is one of the major challenges.
Gaziulusoy et al. (2013) has developed an operational scenario development method which enables the
design and innovation team to align their design activity with unfolding sustainability transitions. Hyysalo
et al. (2019) proposed transition path co-design toolset for accelerating socio-technical change with the
collaboration of related actors. Meanwhile, pilot experiments and niche system implementations are also
key endeavour for catalysing product/service implementation towards societal transformations. Ceschin
(2014) has explored and delineated the design attitude and skills needed to support socio-technical system
changes through action research, which introduce a socio-technical experiment (Sengers et al., 2019)
concept from transition studies. These experiments are not simply tests made within one company
laboratory, but a wider socio-technical experiment involving a broad range of stakeholders (e.g. a
consortium including multiple companies, some interested users, a public authority, etc.).

3.3. Integrating PSS design and design for sustainability transitions

Despite the knowledge and tools accumulated on designing PSS mentioned in section 3.1, it should be
underlined that there are still barriers to be addressed:

e Current PSS design researches not fully consider strategic long-term, process-based and
adaptive perspectives to treat related risks and uncertainties.

e The middle and end of life cycle stages such as implementation and monitoring are not
addressed sufficiently.

As a result of the above barriers, the application and diffusion of PSS for the market are still limited.
On the other hand, radical innovations always immature when they enter the market because they cope
with a dominant socio-technical regime (and its established and stable rules and networks of actors)
(Geels, 2004). PSS is in most cases such a radical innovation because it requires a cultural shift for
both the providers and customers (Mont, 2002; Baines et al., 2007). Therefore, there are still
significant challenges to be faced, not only in developing the PSS concept but also in adopting the best
strategy to introduce and diffuse it in the market.

To fill in this research gap, recent researches in the PSS field introducing key insights from DfST and its
underlying theories (transition management, strategic niche management) (Ceschin, 2013, 2014; Joore
and Brezet, 2015; Liedtke et al., 2015). Nevertheless, these integration efforts remain insufficient to
address how these insights can complement and enrich the conventional PSS design process (i.e.
requirement management, concept development and evaluation, detailed design, implementation and
monitoring). To enhance the contribution of PSS for sustainable development, DfST approach can
provide a complementary long-term and adaptive perspective to design a sustainable PSS solution.
Meanwhile, the above condition indicates that the nature of PSS is reconsidering as a socio-technical
system since it involves a complex interaction between product, technologies, service (technical
system), supporting value network and infrastructure (social system). Thus, this study builds a
hypothesis that DfST framework is applicable for PSS design. Based on this hypothesis, this paper
proposes a conceptual framework of sustainable PSS design for sustainability transition by integrating
the transition management cycle and its three activity levels with the PSS design process. The next
section will provide an in-depth explanation about the proposal.

4. A conceptual framework of PSS for sustainability transitions

This paper proposes a conceptual framework for a sustainable PSS design by integrating the insight
obtained from DfST approach (Figure 1). This framework consists of four system levels and their
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relationships, as well as five design processes that should be considered in developing dependable PSSs
that are accepted by STSs and contribute to sustainability. To integrate each disciplines’ perspective, this
study specifically refers to the system view of PSS design (Cavalieri and Pezzotta, 2012), transition
management cycle (Loorbach, 2010) and critical factors for implementing and diffusing sustainable PSS
(Ceschin, 2013) as a representative framework from each field. The following provides an explanation
about the design activity level and system design phases in this proposal.

Strategic activity
Building level
stakeholder
network

Vision
development

Tactical activity

PSS level

design goals

tion and formulation

monitoring

Operational activity
level

PSS solution | Requirement
configuration | management

4.1. Multiple design activity level in the framework

The proposed framework adapts three activity levels required by sustainability transitions: (1)
Strategic activities; (2) Tactical activities; (3) Operational activities (Loorbach, 2010). These activities
are summarised as follows (Gaziulusoy and Ryan, 2017):

e Strategic activities involve the formation of long term goals and visions that will lead to
changes in the culture and structure of a socio-technical system. The long term goals and
visions should include not only new technologies, products and services but also norms and
values, social identity and politico-economic model that together will enable governance of
the future depicted in these visions. This focus coincides with the landscape level in the MLP
framework.

e Tactical activities are directed at implementing a transition agenda towards the desired goal
and relate to interactions between actors that can build and align the new vision into the
regime level. This can include activities relating to changes in structures, such as investments
and other resource distributions, rules, incentives, and underlying infrastructure. Negotiations
regarding interests are more common in this sphere. It also involves understanding
barriers/risks that may inhibit the advancement of the visions and propose adjustments that
may be needed.

o Operational activities relate to the experiments and learning-by-doing at the niche level, often
with an emphasis on radical and disruptive innovations that may potentially filter up into the
regime and landscape level.

Conventional PSS design corresponds to operational activity level because these methodologies were
developed with the intent of embedding them in designers’ and engineers’ day-to-day work. As mentioned in
section 3.3, this study regards the nature of PSS as a socio-technical system. Thus, the proposed framework
introduces strategic and tactical design level perspective. These perspectives could have a role not only in
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generating PSS concepts but also in developing diffusion planning of the concept itself considering
changes/risks in its operation. In this sense, this framework can guide designers (company, an institution or a
network of actors), in the process of gradually designing and implementing PSS embed in the society.

4.2. Design phases in this framework

Based on the integration of relevant phases from disciplines, the proposed framework consists of
cyclic six design phases. The following will provide a detailed explanation of these phases.

4.2.1. Building stakeholder network (strategic level)

The establishment and development of a proper socio-economic network are recognised as a crucial
process to protect, support and foster innovation development (Loorbach, 2010; Ceschin, 2013). As
the starting point of PSS design, this phase identifies and involves actors directly or indirectly linked
with the PSS development. A key element is the network of stakeholders that produce and deliver the
solution to customers. Therefore, for companies that adopt a PSS-oriented approach, network building
is a crucial activity (Cavalieri and Pezzotta, 2012). On the other hand, DfST-oriented approach focuses
not only on the actors directly linked to the PSS (partners, suppliers, customers, etc.) but also to the
actors that could provide support and protection to that solution (e.g., research centres, governmental
institutions, NGOs, special interest groups, etc.). A broader system approach should be adopted by
companies, in order to think to the contextual conditions that may favour the societal embedding of the
PSS, and to what actors could be involved to support this process (Ceschin, 2013).

4.2.2. Vision development (strategic level)

The second phase develops a shared long-term vision, which gives a direction to the PSS development
and involved stakeholders’ actions. This vision represents what the stakeholders want to reach, a
future state in which the identified deficiency of the current system was resolved by PSS. The
problems recognised by stakeholders within the built network are affected by the surrounding social
context (Geels, 2004). Thus, deficiency includes not only technical and organizational but also socio-
cultural and institutional problems. Visioning is an activity at a strategic level that used to carry out,
and several tools have been developed to support a collective building and refinement of complex
solutions. For instance, an important conceptual tool that is highlighted in the extant literature is the
creation of “transition scenarios” which are plausible, coherent narratives of pathways that could bring
about the desired future state. Transition scenarios can help engage and align stakeholders, but can
also help prepare more resilient strategies by anticipating deviations from trends (Sondeijker, 2006).

4.2.3. PSS design goals formulation (tactical level)

PSS design goals that are intermediate objectives must be achieved through implementation. While
looking at the developed vision, more specific design goals are defined by considering the resources
(knowledge, technology, cost) owned by the PSS design company and the period of PSS development
project, etc. Here, the design goals are described by intermediate key goal indicators (KGI) that should
be achieved in order to resolve the deficiencies of function.

In addition, it is important to clarify the accountability and failure countermeasure plan during PSS
operation and to build consensus within relevant stakeholders by anticipating and identifying
implementation and diffusion barriers (changes and risks in PSS and its surrounding environment).

4.2.4. Requirement management (operational level)

This phase identifies functional/technical requirements for the PSS based on the developed design goals.
This phase includes requirement generation, identification and analysis, and several methods and tools
are adopted in PSS design (e.g. Quality function deployment, TRIZ, Critical incident technique)
(Cavalieri and Pezzotta, 2012). This phase also requires consensus building on requirements among
relevant stakeholders to validate target requirements by getting feedback from those stakeholders.
Moreover, it is necessary to specify the requirements not only in terms of simply achieving the design
goals but also in consideration of value-in-use (Vargo and Lusch, 2004) of PSS customers.
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4.2.5. PSS Solution configuration (operational level)

The identified functional/technical requirements are then translated into concrete PSS solutions that align
with design goals. The PSS-oriented approach uses some techniques to generate PSS realization
structure (e.g. Service modelling, Service blueprint, IDEFO, stakeholder mapping) (Morelli, 2006;
Cavalieri and Pezzotta, 2012). However, since alternative PSS solutions may be developed, it is
necessary to specify the optimal solution through an iterative evaluation and reconfiguration process.
Therefore, this phase introduces an “experiment” concept (Ceschin, 2014; Liedtke et al., 2015; Sengers
et al., 2019) to evaluate PSS solutions by involving the relevant stakeholder and assumed end-user and
by setting the actual PSS usage situation. The implementation of local experiments, to test the technical,
social, political and economic configuration of the innovation, and favour its societal embedding, could
represent a potentially promising strategy for companies who want to shift towards a PSS oriented
approach (Ceschin, 2013). Throughout introducing a PSS prototype in such an environment, it is
possible to co-create solutions and evaluate the effectiveness, validity and acceptance of PSS solutions.

4.2.6. PSS implementation and monitoring (tactical level)

A final phase is performed for the implementation and monitoring of the PSS based on the specified
PSS solution. This phase elaborates on a plan of the product development process as well as a PSS
value network consolidation that includes the required partners to deliver service. Designers should
also set up a plan to commercialize the PSS.

After implementing the PSS to market, each actor interacts within the network form a new PSS that is
updated in institutional, socio-cultural, organizational and technical dimensions. This new PSS state is
evaluated from the viewpoint of the set design goal, and the initially developed vision may need to be
reconsidered depending on the result of the evaluation.

It is important to remark that the above design phases are a continuous and iterative activity along the
entire PSS development process. There are cases where new failures and changes occur when the PSS
is implemented. In that case, the execution of the countermeasure plan and the accountability of each
stakeholder should be carried out. Then, consensus should be built again on the improvement of the
PSS in order to prevent the recurrence of failures, and the continuous PSS development activities
based on it will be promoted. Furthermore, designers should deal with a stakeholder network which is
not static, but dynamic, because the actors and also the related interactions/relations to adapt such
changes are needed to realize sustainable PSS. Therefore, the stakeholder network will evolve in time.
Although it is difficult to predict the behaviour of society, it is important to endeavour to realize the
sustainable PSS by continuously carrying out the above feedback and barriers handling.

5. Simulating applicability of the proposed framework

The proposed framework is demonstrated by using an example of PSS development project for wildlife
nuisance in a suburban city in the western parts of Tokyo. Agricultural damage from wildlife such as wild
boars is spreading in the urban area (Castillo-Contreras et al., 2018). As a countermeasure against this, the
local government is trying to control the damage through wide-area observation by introducing fixed-point
cameras. However, it has been predicted that the damage will affect humans and agriculture due to the
frequent appearance of dangerous animals (Ficetola et al., 2014). To address this issue, the city needs
systemic change that will not just develop technologies but also transform the lifestyle of residents, as well as
the policy related to wildlife protection. With this background, this project aims to develop a PSS that
suppresses severe damage caused by wildlife. The following explains the application result of the framework
to the example case which simulated the applicability of the proposal as a conceptual framework.

At first, this project starts to develop a stakeholder network related to wildlife nuisance. This network
including key actors from companies possessing image processing technology, local government
office (planning policy section, agricultural administration section, environmental policy section),
industrial technology research institute and universities.

In the vision development phase, when considering the problem of wildlife nuisance in a suburban
area, the community acknowledges deficiency of function related to prevention and deterrence of
wildlife nuisance arising from situations in which residents’ farms are devastated by wildlife. In this

SOCIO-TECHNICAL ISSUES IN DESIGN 2075

https://doi.org/10.1017/dsd.2020.110 Published online by Cambridge University Press


https://doi.org/10.1017/dsd.2020.110

background, there are wider problems, such as a decrease in the area where animals can live due to
environmental destruction, and problems with local wildlife protection management law.

Due to the deficiency of function related to the prevention and deterrence of wildlife nuisance, it is
required to realize the value of residents such as “richness by increasing agricultural profit” or
“purpose of life through agriculture”. Then, a vision of the city through implementing PSS— “a city
that can coexist with animals”—is developed as a shared long-term vision.

Then, looking at the vision, ideas such as “development of wildlife observation system”,
“establishment of utilization method of acquired data from observation system”, “identifying habitats
and populations of wildlife by expanding the system through geographic information system
integration” and “Reduce total agricultural damage 20%” are developed as immediate design goals.
When local government belonging to the target city manages and operates the wildlife observation
system, even if they can suppress wildlife nuisance, it is not acceptable for the use of the system to
increase the work burden and stress on the staff. As such, PSS requirements such as “Ease of operation
of the observation system” are identified.

In the PSS solution configuration phase, local government officers try a prototype of the PSS in an
actual business environment, so that the needs of “Reduction of management report creation burden”
that have been overlooked so far are identified. As a result, the PSS solution is accordingly refined.
Finally, the wildlife observation system is developed based on a specific PSS solution idea. After it is
implemented in the target city, it evaluates whether the actual reduction rate of total damage was
achieved or not. As the understanding of the local wildlife ecosystem progresses, issues related to
coexistence with wildlife will emerge. This may accordingly redefine the vision. Moreover, PSS
implementation may cause changes in the requirement of users and emerges risks in this area. By
continuously corresponding to these changes, the developed system can be a sustainable PSS.

6. Discussion and conclusion

There is a need for the development of PSS design methodology with a long-term perspective deal
with uncertainties related to PSS and its surrounding environment. As an initial step, this paper
proposed a conceptual framework of sustainable PSS design, which is developed by integrating DfST
approach. The proposed framework can be expected to be used as an analytical framework for PSS
design, as shown in Section 4. By illustrating this framework’s applicability by using the example of
PSS development, designers can acquire insights related to (a) the scale of the design activity level
taken into account, (b) specific design activities performed in each phase and (c) attitude to manage
the PSS development and implementation process from long-term perspective. Furthermore, through
the accumulation of such applications, the proposed framework can be elaborated upon as a design
guideline which organizes basic principles and practices of dependable PSS development for a
sustainability transition. Thus, the proposed framework also potentially has a role for a designer as a
reference model to achieve sustainability transition through PSS development.

Meanwhile, this study acknowledges some remaining issues to be addressed in future works. First,
since this paper only conducted the first stage of research process presented in section 2, it is
necessary to work on the development of an operational method for PSS designers. To address this
issue, this study selects operational methods and tools based on the proposed framework. In PSS
study, many design methods and tools are presented in existing research. From DfST approach,
Project assessment framework for sustainability (Allais and Gobert, 2019) also may enrich the
proposed framework in that it allows dynamic evaluation of on-going project. By investigating each
study, it is possible to identify appropriate design tools for implementing each phase.

Second, the proposed framework is prescriptive and has only been applied experimentally to an
example of wildlife nuisance in a suburban area. Therefore, this paper still could not provide any
evidence that this design framework is an applicable, effective and useful in PSS design. In order to
make this framework operational with practical PSS development, it is necessary to evaluate its
versatility and completeness through application to actual PSS development cases. As a result, it is
assumed that objectivity can be ensured by identifying a lack of perspective in this framework and
differences from actual PSS development and improvement based on such results. However, it has to
be underlined that the proposed framework is intended to be applied to particular development case of
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PSS which has socio-technical nature. Thus, this study is different from the design approach for
industrial PSS development that likely focuses on business to business applications.

For the above remaining issues, future work can address the following questions: How PSS designers
(not only the engineers but also related stakeholders) can operate the proposed framework? How
effective, versatile, and useful is the proposed framework in actual sustainable PSS design?

These two research questions to be verified with further research and field applications.
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