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Abstract

The aim of this research was to integrate sustainable development and design-thinking-based product
design in order that the product design then contributes to society’s transition to a sustainable future. This
is an important pursuit since product lifecycles are a major cause of society’s current sustainability
challenges. To address this, many authors argue for integrating sustainable development into existing
design processes rather than developing stand-alone tools and methods.

Through action research with a design consultancy who wanted to start working with sustainable product
design, we iterated between three stages: understanding needs, designing action, and trying out the action.
The first stage comprised document analysis, focus-group style workshops, a survey and interviews. When
designing the actions (enhancements to their design-thinking-based process), we drew on literature on
sustainable product design, decision-making for sustainability, and organisational learning and change for
sustainability. We also drew on our research partners’ practical experience. The enhanced process was tried
out and further developed through feedback, student testing and co-development meetings.

The result is an enhanced process where project teams (i) use the outcomes from the inspiration phase of
the existing process to choose sustainable design strategies that are relevant for their particular project.
Once the teams have chosen which strategies to work with, for example, design for remanufacture, we
suggest that they (ii) use the strategies to develop ideation foci/questions that help them explore the design
space. The third enhancement is for teams to (iii) compare concepts with respect to sustainability as part of

their concept comparison and evaluation.

Keywords:

Ecodesign; sustainable product design; design thinking; product development.

1 INTRODUCTION

“We can’t solve problems by using the same kind of
thinking we used when we created them” is a quote often
attributed to Einstein. In this study, we explore a relatively
new way of thinking — design thinking — to address the
problem of unsustainable product lifecycles.

1.1 Motivation
Why product design?

Product lifecycle impacts are a major contributor to many
of society’s environmental and social challenges [1][2][3].
and thus a problem worthy of our attention. Sustainable
product development is also a means for companies to
become and remain competitive [4][5].

Why integrate?

Integrating sustainable development with existing product
design processes and practices is critical for successful
implementation of sustainable product design [6][7]. Even
the international standard 1S014006:2011, describes
sustainable product design as involving the integration of
sustainability considerations into product design. We
therefore describe ‘sustainable product design’ as the
integration of (i) sustainable development and (ii) design

processes and practices — such that the product design helps
society to transition to a sustainable future.

Why project teams need help?

Project teams need help with the integration of sustainable
development and product design. The nature of
sustainability is complex; it relates to social and ecological
systems [8], and includes considering not only current
global issues, but also potential future issues.
Unsustainability can also be experienced as distant, in time
and in space [9]. Wrestling with the complexity of
sustainability is relatively new for product developers,
compared to what they usually include in their decision-
making. This novelty and complexity makes for tough
decision-making conditions [10]. In particular, bringing a
sustainability perspective to new product development
“complicates an already complex process” [11](pg 106).

Why customise?

Since product development processes are unique to each
company (even if they have similarities), the integration
with sustainable development needs to be customised [12].
According to European ecodesign practitioners, a challenge
with existing suggestions is that they are often not tailored
to the business needs [13][12]. One-size-fits-all approaches



for modelling the product design process ignore important
aspects of reality [14]. Salerno et al. [14] identified 6 types
of innovation process, and Gericke and Blessing [15]
identified multiple significant ways to differentiate between
processes. Several other authors have demonstrated their
disillusionment with one-size-fits-all approaches to product
design [14] (for example, [16] and [17]). Even if we were
to try to integrate sustainable development with a generic,
discipline-independent design model, generic models are
too abstract to provide effective support for project teams
[15] and thus our contribution would unlikely be effective.
We therefore focused on a specific product design process.
Why design thinking?

One popular type of process is ‘design-thinking’-based
product design. Design thinking prioritises grounding
design decisions in a thorough understanding of user needs,
uses iterative prototyping and problem-solving to explore
wicked problems, and employs divergent-convergent
thinking [18] . Since design thinking was created to design
in complexity, with an optimistic solution-expecting nature
and diversity in project teams, it is a relevant process to
explore from a sustainable development perspective [19].
Design thinking is optimised for breakthrough innovation
(rather than incremental innovation) [18] , which means that
project teams are not locked into a particular (physical)
solution and so the potential for impact is large. In fact,
design thinking focuses on the needs of the user and
delivering a functional result that addresses these needs,
which is critical when designing sustainable solutions (with
some mix of physical artefact and intangible service) [20].

Research question

Based on the above, we joined with an innovation
consultancy to define the following research question,
aiming to be relevant for both academia and practitioners.

RQ: How might project teams that use a design-
thinking-based product design process start to integrate
sustainable development into their work?

1.2 Previous studies & the gap

During our study, The Ellen MacArthur Foundation and
IDEQ?! jointly launched the “circular design guide’. This is
a design guide where circular design has been integrated
with (a simplified version of) IDEQO’s design thinking
process. There are currently no academic studies behind
this guide, nor on its implementation. It will be interesting
to follow its development and compare with our findings.

2 PARTICIPATORY ACTION RESEARCH

The research question is grounded in a desire to enhance
practice, which is in line with the purpose of sustainability
science to be solutions-orientated [21][22] . We therefore
chose (together with some research participants from the
company) to engage in action research due to its inherent
intention to improve practice. In particular we chose the
type of action research that is participative knowledge

L A design consultancy. See ideo.org.

construction. This combines action research with
collaborative methods for constructing knowledge together
with those immediately affected (participatory research), in
line with what Bergold and Thomas [23] call participatory
action research and Greenwood and Levin [24] call
pragmatic action research. The people who are immediately
affected are knowing subjects, participants, rather than
objects of the research. In our case, the participants are
employees of a product innovation consultancy that uses a
design-thinking-based product innovation process.

Our action research consisted of iteratively completing the
cycle shown in figure 1. The cycle comprises three not-
wholly-distinct phases and we completed three iterations.
The description here is a simplification in order to aid
communication of what was a very iterative and alive
process, complicated with the messiness of reality.

Design
action

Fig. 1: Action research cycle of three not-wholly-distinct phases.
2.1 Understanding

The purpose of the understand phase was to increase
collective understanding of relevant academic fields and of
the current industrial practices, and associated challenges.
In addition, the purpose of this phase in the second and third
iterations was to also incorporate understanding of the
results of previous ‘try out action’ phases.

In order to meet the above purposes, the academic
researchers reviewed literature on sustainable product
design, product development, decision-making for
sustainability and organisational learning and change, as
well as the intersections between these areas. In order to
increase understanding of the processes and practices of the
project teams that use the design-thinking-based product
process, we used the following data collection methods:
briefings by both sides - preparatory work that help set the
scene for greater levels of participation (in line with
Bergold & Thomas [23]); interviews with practitioners on
their practices and perspectives; collection of process and
methods documents; observations during interactions;
survey of employees; participants describing their own
needs in meetings and emails; and a focus-group style
workshop for exploring needs, which is “one of the key
instruments for the creation of a ‘communicative space’”
([23] sec 4.4). In order to increase understanding of the
challenges that employees perceive in the integration with



sustainable development, we used the following data
collection methods: interviews; observations during
meetings, workshop, evening course; and employee survey.

The outcome of this phase was understanding of the needs
(for action) described in sections 3.1 and 3.3. With each
iteration, our understanding became more comprehensive.

2.2 Designing action

The purpose of the second phase was to use the
understanding from the previous phase to co-design actions
(enhancements to process and practice). We have thus far
completed this phase three times, resulting in three versions
(v1, v2 and v3). The first version was at the overview level,
for which we actually designed two prototypes to be
compared. Generating and comparing alternatives can help
reduce the effects of confirmation bias [25][26] and
evaluability bias [10], and leads to better designs [27],
higher success rates in decision-making [28][29] and even
quicker decision-making [30].

In order to design the enhanced process, we generated ideas
on how to address the identified needs. We fuelled our
ideation by reading literature on how others have solved
similar problems. For example, literature on supporting
decision-making for sustainability in other contexts.

2.3 Trying out action

The purpose of the third phase was to try out the designed
actions and gather data on how it went and what could be
improved. In the first iteration, we compared the pros and
cons of the two alternatives in joint academics-practitioners
meetings and via email. Data was collected data through:
observations during meetings; and emails.

In the second iteration, we collected observations during a
teaching session with product developers. In this iteration,
the academic researchers also went outside of the partner
company and tested the suggestions with product
development students. Data was collected through:
observations during class when they were using the
suggestion, students’ reflections after using the suggestion,
and the outcomes from them using the suggestion.

In the third iteration, we discussed the workability of the
suggestion — the adequacy of the suggestion according to
how well it works in the local context [24]. In line with
pragmatic action research (see [24] and [23]), we adopted
the view that different participants may have different
perspectives on what is adequate/good, and so the academic
researchers first asked the practitioners to think about their
views on what it means for them for the suggestion to work
well, before commenting on the suggestion itself.

2.4 Ethical considerations

Key principles of action research are that democracy is a
pre-requisite and that a safe space where participants can be
open and show dissent needs to be developed [23][24].
Although building trust can take time, we believe that we
have been fairly successful in creating this space and a
power-equality between academic and practice-based
knowledge since participants have been open with both

positive and negative comments and even emotional
sharing of frustrations.

All survey and interview data was handled anonymously.
This paper was reviewed by a company representative
before being submitted.

25 Credibility of the research design

The selection of action research as an approach and the top-
level design was made jointly by researchers and company
participants. In action research, it is not a matter of
standardizing methods, but rather choosing methods
appropriate to the participants [23]. Many of the methods
that we started out with are not especially participatory, for
example, interviews. However, the interviews and surveys
were research techniques that were familiar to the
participants and therefore served both as a knowledge
building step (for all involved) and for constructing the safe
space and trust necessary for the later use of more
participatory methods.

The iterative nature of our research and the multiple data
collection methods and sources give us confidence in our
results. In future research, we intend to extend this further
to include many more participants. In particular, the lack of
testing at the partner company on a real, live project is a
weakness that we will address as soon as possible.

3 RESULTS

In this section, we describe the needs at a high-level before
giving an overview of our suggestion. Then we dive into
more detail, first on the needs and then on the suggested
process enhancements.

3.1 High-level description of needs
We identified the following needs:

(A) Target the early phases of product development. These
phases are a leverage point for integrating sustainability
since the early-phase decision-making influences the
sustainability impacts of manufacturing, as well as other
lifecycle phases [31]. Decisions in the early phases also
determine, to a large extent, the success of a project [32]
and significantly impact development costs [33].

(B) Follow a value-focused approach. One empirical
insight of the study was the difficulty in navigating the
complexity of the decision-making context. Emphasizing
values and value-trade-offs helps decision-makers to
navigate this and focus on the sustainability considerations
that matter for the project [34]. This can be achieved by
fully investigating what is valued before exploring
alternatives [35].

Considering how sustainability performance is valued and
wanted would help project teams to make decisions that
would likely deliver both business and societal benefits.
This is in line with strategic sustainable development
thinking (see [8]) as well as the shift in sustainable design
research from trying to propose detailed and exhaustive
support to proposing strategies that consider the



opportunities and limitations of the business world [36] and
have a more explicit focus on the strategic implementation
of sustainable product design [37]. A value-focused
approach may help in avoiding one of the main critiques of
earlier sustainable product design suggestions — critique
that there was not a strong enough link between strategic
intent and content of the suggestion [6] and also avoid the
implementation barriers that arise from scepticism for
return-on-investment of sustainability initiatives [38].

(C) Focus on supporting the decision-making process, and
not only on supporting analysis. The quality of the decision-
making process (including exploiting analysis and reaching
a decision) can be 6 times as important as the quantity and
detail of analysis performed [39]. A good process also helps
avoid poor analysis [39].

(D) Vary according to type of decision-making activity and
use specific techniques to mitigate for cognitive illusions.
Cognitive illusions lead to a perception, judgement or
memory that deviates from ‘reality’ [40]. Cognitive
illusions can also be known as biases [41]. Cognitive
illusions likely occur in the tricky decision-making
environment of starting to include sustainability
considerations in product design. In order to mitigate for
cognitive illusions, suggestions should vary with the type
of activity [10], such as diverging and converging,
including product development decision-making [42].

(E) Be simple enough to be practically usable by product
design teams. Research participants frequently emphasised
the need for the tools to be highly usable by sustainable
design novices. In fact, one barrier to uptake of sustainable
product design is that many tools are complicated and time-
consuming [43], and according to European ecodesign
practitioners, overly complex [13]).

(F) Assist project teams to learn about sustainable
development and develop tacit knowledge on doing
sustainable design. The human side, or ‘soft side’, of
sustainable design is important [44] and insights from other
disciplines (such as organisational learning [7]) are needed
for understanding this side [45][46]. Knowledge and skills
in sustainable design within the organisation is one of the
two categories of internal company barriers to sustainable
product development (for small-to-medium enterprises)
[48]. Capability of the designers and engineers, in terms of
knowledge, skills and decision-making power, is a success
factor in sustainable design implementation [38][43][48].

3.2 Overview of suggested enhancements

The existing product design process at the partner company
is based on design thinking similar to that used by IDEO
(ideo.org). The IDEO process comprises three phases:
investigating the challenge and the needs of the people
involved (inspiration phase); generating ideas, identifying
opportunities and prototyping (ideation phase); and
bringing the concept to life and selling it (implementation
phase). This process involves many iterations between
convergent and divergent thinking. The ideation phase of
the partner company’s process comprises three sub-phases

— strategy, ideas and concept. (Their concept sub-phase
includes a little more convergence than is apparent in
IDEQ’s model.)

In order to meet the needs identified in the previous
subsection, we suggest that the company enhances the
ideation sub-phases with the activities shown in figure 2.
The key principle behind the suggestion is that the project
team chooses between different ways to work with
sustainability during the ideation phase, according to what
is relevant for their project. These enhancements will be
specified in more detail in later subsections.

STRATEGY

Choose sustainable product design
strategies relevant to the project.

IDEAS

Apply the strategies to generate
ideas for sustainable products.

CONCEPT

@ Compare concepts with respect to
sustainability.

) @ G

Fig. 2: Overview of suggested sustainability enhancements.

In the strategy sub-phase, project teams use their
knowledge from the inspiration phase to choose sustainable
product design strategies that are relevant to their project.
These strategies offer ways to ideate for sustainability, with
each strategy doing so from a different perspective.
Example strategies include design for remanufacture and
design for the base of the pyramid. Through deciding what
is relevant to their current project, project teams are
identifying leverage points, as recommended by Shapira et
al. [19] and can work with sustainability in a way that
matches the project goals, including business goals.
Choosing between ways to work with sustainability is also
appropriate because different projects have different
possibilities for sustainable product design. For example,
designing electrical equipment (with slower innovation
cycles, common materials, and well-known use scenarios)
is a very different context with different possibilities for
sustainable design than designing electronic equipment
(with shorter innovation time, specialised materials and
evolving usage) [49]. In addition, the team chooses
sustainable product design strategies at the same time as
choosing other strategies, such as the overall marketing
strategy. This is in line with how companies seem to prefer
to complement existing operations strategies, rather than
creating sustainability-specific ones [50]. A sentiment
shared by the partner company.

3.3 Detailed needs — required functions

Given the overall suggestion shown in figure 2, we now
explain some of the detailed needs that we uncovered.



Expanding on need (D) — when project teams are choosing
strategies and selecting concepts — the suggested process
enhancements should help project teams to mitigate for
cognitive illusions by facilitating them to [42]:
(Di) emphasise values and value trade-offs (related to need (B)),
(Dii) check that the alternatives are credible,
(Diii) use ends-objectives instead of means-objectives,
(Div) compare alternatives rather than considering each option in
isolation,
(Dv) make it as easy to evaluate with respect to sustainability as
for other aspects,
(Dvi) prioritise searching for key knowledge,
(Dvii) use a diagnostic strategy to mitigate for confirmation bias,
(Dviii) scrutinise where information came from,
(Dix) search for evidence of the unexpected,
(Dx) frame analysis results in multiple ways, and
(Dxi) ask themselves if they are being overly cautious.

Also expanding on need (D) —when project teams are
employing the strategies to generate ideas — the suggested
process enhancements should help project teams to mitigate
for cognitive illusions by [42]:

(Dxii) employing passive decision-support techniques,
and facilitating project teams to [42]:

(Dxiii) generate alternatives that are meaningfully different from
each other,

(Dxiv) include stakeholder perspectives, and

(Dxv) use a diagnostic strategy.

(Dxiv) was also a strong desire from those responsible for
the design process in the partner company, probably
because of the central role that understanding stakeholder
perspectives plays in design thinking.
Research on the human side has started to converge on
some general principles, including (1) the transformative
nature of sustainable product design and (2) the need to
include both organisational and individual dimensions [51].
Using Lam’s [52] model for organisational learning, need
(F) can be expanded in two dimensions -
individual/collective and explicit/tacit — as follows. In order
for the organisation to learn and develop (in terms of
sustainable design knowledge), individual project team
members need to learn:

(Fi) embrained (formal, abstract) knowledge, through formal

instruction;
(Fii) embodied (context-specific bodily) knowledge, through direct

interaction and mutual adjustment during practical experience in
a relevant context.

Similarly, teams need to learn:

(Fiii) encoded knowledge (selected, simplified knowledge coded
into rules and procedures);

(Fiv) embedded knowledge (norms and shared beliefs that can
support complex interaction patterns), through multi-functional
team practical experience in a relevant context.

Learning may lead to attitude changes, which is important
because one of the key challenges for ecodesign
implementation in companies is people’s attitudes [47]. It
is not so surprising that attitudes are not always conducive
to sustainable design implementation since unsustainability
can be experienced as distant, in time and in space and the

communicating climate disruption (see [9]), in order to
avoid emotive and political nature of sustainable
development can even lead to individuals experiencing
discomforting dissonance [9]. Taking tips from the science
of psychological barriers in sustainability communication
and to encourage action, instructions and support should:

(Fv) use the power of the social nature of humans,

(Fvi) be framed positively (showing opportunities, rather than just

what to avoid), and
(Fvii) be easy and convenient to employ.

(Fvi) and (Fvii) were also strongly supported by our
empirical studies. The above detailed needs are, of course
in addition to the high-level needs (A), (B), (C) and (E).

3.4 Details of suggested enhancements
Choosing strategies

In the strategy sub-phase, when project teams are answering
other questions about strategy, we suggest that they also ask
themselves the following: Which sustainable design
strategies shall we employ? Which will likely deliver value
for this project? To aid with this, we have prepared the
instructions shown on the left-hand side of figure 3.

The strategy comparison table is a decision support
prototype designed to help project teams to choose between
strategies. It provides information on both potential
business value that can be achieved by applying the strategy
and potential sustainability value, in line with the
prioritisation guidelines used in the framework for strategic
sustainable development (see [8]). This prototype was
developed as part of our project since a high number of
strategies exist and it is difficult to select the most
appropriate one(s) [36]. When using the prototype, project
teams will hopefully learn about sustainability, as defined
in the framework for strategic sustainable development and
make a choice while understanding what aspects of
sustainability and which lifecycle stages they are not yet
addressing. See [53] for details of the prototype.

Applying strategies

In the ideas sub-phase, when project teams are ideating, we
suggest that they ideate also around the chosen sustainable

product design strategy(ies). See the right-hand side of
figure 3 for the instructions for project teams.

Comparing concepts with respect to sustainability

We have not focused on support for comparing and
selecting concepts since there is much existing support,
even support based on the same definition of sustainability.

3.5 Evaluation and results from trying out

Looking at the identified needs, our overall suggestion is
value-focused (Bv’) and addresses the early phases (AY).
We suggest process-centric enhancements (Cv’), such as
how to gather information. As is evident from figure 3, the
suggestions do vary with type of decision-making activity
(selection / ideation) (Dv"), and most of the detailed needs
have been addressed. Future work should investigate how



How to choose:

1. Explore relevance

Using the ¢ 1 e, write down
the pros and cons of each strategy for your
particular project. Imagine that you are explaining
to your client how each strategy is relevant and not
relevant to their particular needs.

2. Check your assumptions

Check your assumptions or unknowns. This is
important since this is an area that you are
unfamiliar with. Search for evidence that supports
what you have written as pros and cons. Search
also for information that supports the opposite of
what you have written as pros and cons. Adjust
your pros and cons accordingly.

3. Choose & justify

Write down your choice of strategy and justify why
you chose this/these strategy/strategies over the
other strategies

EXTRA TIPS

Nobel prize-winning decision science researcher

How to apply:

1. strategy to questions

Using the on each strategy to design ideation
(How might we.. 7) questions.

2. Ideate as usual

Use usual methods and tools for ideation around
each of the ideation questions.

3. Combine ideas and iterate

As usual, combine ideas and iterate. Combine
ideas from the various HMW questions, from
across the chosen strategies and from the other
ideation session. Combine and iterate, as usual,
until you have many product concepts.

EXTRA TIPS

Consider when to ideate around a given strategy.
For example, ‘PSS design for sustainability’ should
be one of the earliest ideation sessions, whereas
‘Design for sustainable behaviour’ can be used
later. Of course, best practice is to iterate and seek
to combine ideas from various ideation sessions.

E.g. Desirable properties of product when

designing for remanufacture:
Easy to identify faulty part(s)

Strategy

Easy to disassemble
Easy to handle

Parts are tough enough for repetitive

remanufacturing

HMW._7
. HMW. 7
~HMW. 7

- HMW. 7

Kahneman, and his colleagues, suggest asking
yourself, “If you had to make this decision again in
a year’s time, what information would you want,
and can you get more of it now?"l

Fig. 3: Suggested enhancements to the strategy and ideas sub-phases — instructions to project teams.

to encourage teams to involve sustainability stakeholders in
their ideation (Dxiv).

The suggested enhancements are knowledge encoded in
process format (Fiiv") and they encourage the project teams
themselves to learn tacit knowledge by taking practical
step-by-step action (Fiiiv"). The suggestions also provide
positive framing (Fviv') by taking an opportunity-based
perspective of sustainable design (which also aligns with
design thinking). Although some formal instruction (Fiv")
on sustainability and sustainable design is included in the
suggestion (not shown in this paper), there is an opportunity
for more. In fact, the partner company has asked for more.

During the first iteration, we learnt that it is better to
integrate sustainable development in the methods used for
generating ideas to address the customer needs (and
choosing between ideas), rather than merely adding
‘sustainability’ as an additional need. The chosen approach
received a positive and energetic response in the teaching
session with product developers (second iteration).
Reflecting on the suggestion, one (heavily involved)
research participant wrote “I realise that we are completely
right with this... [it is] something that I definitely think that
we should work with”. These responses give indications of
the workability of the suggestion. During the second
iteration, we learnt much about gaps in the usability (E and
Fvii) of our suggestion when students struggled to
understand parts of the instructions or used them in

unexpected ways. These enhancements are included in the
instructions shown in figure 3, which is our prototype v3.

4 SUMMARY

We have outlined the needs of project teams that use a
design-thinking-based product design process and who
want to start to integrate sustainable development into their
work. To address these needs, we have suggested
enhancements to a design-thinking-based product design
process that project teams can use to start to integrate
sustainable development their work. Through our action
research project, we learnt that:

It is better to integrate sustainable development with the process
used for generating ideas to address customer needs (and choosing
between ideas), rather than merely adding ‘sustainability’ as an
additional need.

Sustainable development should be integrated into the process such
that teams are facilitated to work with sustainable design in a way
that is relevant to their particular project (industry, market,
customer needs) while also better understanding the advantages
and limitations of that chosen way. This is in line with the purpose
of design thinking to address complex problems, and also
supports stronger competence development in the project team.

The suggested enhancements can now be tested by others
using a design-thinking-based product design process, as
well as by the partner company on a real project.

41 Contribution

Our contribution to research is not just another tool, which
is a problem with research in the field that was identified
already in 2002 [6], but enhancements to a design process



that help project teams to make sense of and choose
between existing strategies for sustainable product design.
Our contribution to practice is suggested enhancements that
are designed to be, not just academically credible, but also
practically relevant through integration in an existing
process and customizability. Our suggestions address a gap
in support for those working with design thinking. We
found no equivalent studies and thus argue originality.
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