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Abstract
The audience for this research is fellow researchers and others helping product
developers to start including sustainability when they are selecting product concepts.
The aims of the research were to understand the needs of product developers
integrating sustainability into concept selection and what might be done to help
them.
The research approach was to iterate between the three studies of design
research methodology. The first study focused on understanding the challenges
that product developers face when integrating sustainability into concept selection.
The aim of the second study was to identify potential support to help them to deal
with the challenges. The third study was aimed at trying out the potential support
to see in what ways it helps product developers address the challenges they face.
Each of the three studies included reviewing literature and empirical data from
two cases.
The results emerged along two themes - supporting the decision-making process and supporting analysing with respect to social sustainability. Selecting concepts is a complex decision made under challenging conditions. Bringing in the
unfamiliar and complex aspects of sustainability can make good decision-making
even more challenging. When integrating sustainability, two particular barriers to
good concept selection decision-making are errors due to illusory correlation and
confirmation bias.
Despite the challenges, decisions must be made. And a good decision-making
process is needed to make good decisions. This is especially relevant when bringing in complex and unfamiliar aspects, such as sustainability considerations. A
1
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likely candidate for helping product developers achieve a good decision-making
process when integrating sustainability is active, value-focused decision-support.
In other words, structuring the process into bite-sized steps and using particular
techniques to avoid bias. At each step, what stakeholders value is used as an anchor for the decision-makers’ focus. Further research is required to investigate
the details of how to employ these process-support approaches in the particular
context of integrating sustainability into concept selection decision-making.
In addition to a process, complicated selection decisions demand analysis.
Support for analysing concepts with respect to social sustainability was identified
as a gap. The research explored a potential approach that might contribute to
this analysis, but found that it was not useful for the particular decision in hand.
This was because the level of accuracy of analysis that was possible was not good
enough for comparing the concepts in the case study decision. This opened up
some interesting questions for further research, such as how the approach can be
re-designed to be learningful for the product developers by raising awareness of
potential contributions to unsustainability.
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Chapter 1

Introduction
Sustainable product development is important for society since product lifecycle impacts are a major contributor to many of society’s sustainability challenges [Kaebernick et al., 2003; Pujari, 2006; Tukker & Jansen, 2006]. Developing products more sustainably is also a means to become and remain competitive
in business [Dangelico & Pujari, 2010; Pujari et al., 2003].
Implementing sustainable product development has had a positive or neutral effect on profits according to 96% of companies in a 2013 survey [Haned
et al., 2014]. Direct financial benefits of developing products more sustainably
are cost reduction, such as from improved waste management [Knight & Jenkins, 2009], and increased sales (at least for the best practice performers) [Plouffe
et al., 2011]. Companies implementing sustainable development benefit from innovation, product quality improvement and new market penetration [Knight &
Jenkins, 2009]. Surveyed companies also report greater employee motivation or
pride and improved recognition and reputation [Haned et al., 2014].
The importance of sustainability is also recognised by company decisionmakers. In fact, nearly 90% of 1,847 executives stated that a sustainabilityoriented strategy is essential to long-term competitiveness, in a MIT Sloan Management and Boston Consulting Group survey [Kiron et al., Dec 2013]. Not just
‘useful’ or ‘important’, but “essential”. However, these executives also stated
that they were finding it difficult to integrate sustainability into their decision7
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making [Kiron et al., Dec 2013].
The novelty and complexity of sustainability makes for tough decision-making
conditions [Arvai et al., 2012]. The challenging nature of this decision-making
can even lead to inaction when it is clear that a company will benefit or that action is needed. Examples include inaction on genocide [Slovic, 2007] and climate
change [Weber, 2006]. This gives rise to the need for research on “What are
the specific challenges when bringing sustainability into manufacturing decisionmaking?” [Despeisse & Vladimirova, 2014, pg 148].
Early product development decision-making influences the sustainability impacts of manufacturing, as well as other lifecycle phases [Bhamra et al., 1999].
Early phase decision-making is therefore the leverage point for supporting companies with the challenging decision-making for sustainability in order for them
to reap the benefits of sustainable product development.
An important early phase product development decision is concept selection.
When selecting concepts, product developers want to choose the best concept
or exclude those with least promise [Ullman, 2003]. This should be done such
that the selected concept is compatible enough, within its subsystems and with
other systems, to be detailed in the subsequent product design phase [Kihlander
& Ritzén, 2012] and such that the product design phase can be realistically undertaken [Ullman, 2003]. Concept selection therefore determines the direction of the
investment made during product design and manufacturing.
Concept selection decision-making is, in itself, challenging. These decisions
are made under uncertain conditions as little knowledge has been gained about
the design problem [Ullman, 2003]. The lack of available information for concept
development decision-making can lead to inaccurate judgements and incomplete
evaluations [Chin, 1999].

1.1

Aim & research questions

Since, as previously described, (1) sustainable product development is important, (2) concept selection is an important leverage point for sustainable product development, (3) concept selection decision-making is challenging and (4) decisionmaking for sustainability is tricky, product developers may benefit from support.

1.2. SCOPE
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The goal of this research was therefore to investigate how to integrate sustainability into concept selection decision-making.
The first step was to address the question RQ1 What is the current situation
and need regarding integrating sustainability into concept selection? Given an
understanding of the situation and, in particular, of what needs to be addressed, the
aim was then to identify what functionality might support have in order to address
the needs, and identify what support can therefore be provided in order to improve
the current situation. The second research questions is then RQ2 According to
initial evaluation of the support, how well can the support be used for the task for
which it is intended and how well does the support impact the current situation as
was desired?
These research questions reflect ongoing research. In the work covered in this
dissertation, I addressed all of the above, but this does not mean that research on
the topic is complete.

1.2

Scope

The scope of this research was on concept selection and not other product
development decision-making. This was because (1) it was necessary to focus
research efforts, (2) concept selection is a leverage point (as explained above), and
(3) both case companies were interested in integrating sustainability into concept
selection. Integrating sustainability into concept selection was investigated from
a perspective of the product developers as human decision-makers who may need
support in order to make concept selection decisions to the best of their ability.
This is since over more than 60 years’ decision-making science has shown that
people are not rational decision-makers. During this time, a number of descriptive
models of how people actually make decisions have been developed. To design
support that considers how people actually make decisions rather than assuming
rationality.

10
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Chapter 2

Research approach
2.1

Perspective on sustainability

There are many definitions and perspectives on sustainable development and
sustainability. Before sharing the design of my research, I therefore first want
to state the perspective that I have taken. In this work, I use the term sustainable
development to mean the process and journey to achieve sustainability, where sustainability is a dynamic state with the capacity to continue over a long time [based
on Lozano, 2008]. By sustainable development, I mean as introduced in Our
Common Future, also known as the Bruntland report: “Humanity has the ability to make development sustainable to ensure that it meets the needs of the
present without compromising the ability of future generations to meet their own
needs.” [World Commission on Sustainable Development, 1987]
I chose to use the definition of sustainability provided by the sustainability
principles given within a framework for strategic sustainable development [see
Broman & Robèrt, 2015]. This definition of sustainability is built upon an identification of the upstream causes of unsustainability for the global ecological and
social systems and thus provides a principled definition of success in terms of
a sustainable society [Broman & Robèrt, 2015]. This principled definition can
therefore be useful for sustainable product development work since it gives an
aim-point without locking us into particular solutions or scenarios. It has also
11
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been developed, tested and refined by researchers and sustainability practitioners
for over 25 years [Broman & Robèrt, 2015]. This is the definition used in this
dissertation.
The principled definition is as follows [Broman & Robèrt, 2015, sec. 4.3]:
“In a sustainable society, nature is not subject to systematically increasing. . .
1 . . . concentrations of substances extracted from the Earth’s crust;
2 . . . concentrations of substances produced by society; and
3 . . . degradation by physical means;
. . . and people are not subject to structural obstacles to. . .
4
5
6
7
8

2.2

. . . health;
. . . influence;
. . . competence;
. . . impartiality; and
. . . meaning-making.”

Intentional action

The goal of this research is an intentional goal - in that the aim is to improve a situation, not just describe or explore it. As such, it matches well to
an action research approach, which aims to improve a situation through cycles
of inquiry through action. Although there is no one agreed definition of action
research [Savin-Baden & Major, 2013, ch. 16], Reason & Bradbury’s [2006]
position of working collaboratively to bring together action and reflection, theory and practice, to solve relevant practical problems seems appropriate for sustainable product development research. Given the focus of my research question on product developers’ practice of concept selection decision-making, Kemmis’s [Kemmis, 2010] focus on acting in order to transform people’s practices is
also relevant. Despite the lack of common definition, there is a common theme
for action research - that of inquiring through “thinking, acting, data gathering and
reflection” [Savin-Baden & Major, 2013, pg 245].

2.3. A DESIGN RESEARCH METHODOLOGY

2.3
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A design research methodology

Within the field of design research, Blessing & Chakrabarti [2009] have developed a design research methodology that has a flavour of action research. In
this methodology the action is in the form of the researcher creating and implementing support. According to Blessing and Chakrabarti, their methodology differs from action research in that action research is usually more embedded in
a context (a specific case) and often gives more opportunity for full scale implementation and reflection than the proof-of-concept limit often present when
designing artefacts [Blessing & Chakrabarti, 2009, ch. 2.7]. I chose to use design
research methodology as an overarching approach to my research because it was
created to support more general knowledge creation (than action research within
case studies) and because it offers a very clear step-by-step approach that was very
helpful to me as a novice researcher.
Blessing and Chakrabarti’s [Blessing & Chakrabarti, 2009] design research
methodology includes the three studies shown in figure 2.1. The purpose of the
research and the design of the activities undertaken in these three studies are the
output of a previous study - research clarification. The descriptive study 1 aims
to further understand the situation and where is important to focus. Researchers
achieve this through reviewing the literature and conducting empirical studies.
The prescriptive study is about developing support to help improve the situation.
The descriptive study 2 aims to evaluate the support and to suggest improvements.
The arrows indicate large amount of iteration between the different studies.
The aims and research questions introduced in section 1.1 map to the studies
as shown in figure 2.2.

14
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Figure 2.1: Iterating between descriptive and prescriptive studies. Image adapted
from Blessing & Chakrabarti [2009, pg 15].

Figure 2.2: Research questions and objectives for each study.

2.4. BALANCING. . .

2.4

15

Balancing between comprehensive and iterative

When seeking the learning from completing an entire loop of action-reflection
or designing-testing support, there was a balance to be struck in terms of how comprehensively I completed each study and how many iterations I could complete.
In other words the time spent in a single iteration of each study in figure 2.1 versus
the number of iterations.
In design research methodology, a review-based study uses literature as its
data source. A comprehensive study involves both reviewing literature and undertaking empirical studies or developing support. An initial study involves the
first few steps of the study - enough to prepare the results for others and close the
project [Blessing & Chakrabarti, 2009, pg 18]. Blessing and Chakrabarti state that
the extent to which a research team completes each of the stages of their design
research methodology depends on the purpose of the research and the time constraints [Blessing & Chakrabarti, 2009, pg 18–19]. They also warn that PhD plans
often aim for doing two of the studies comprehensively and yet only manage to
do one [Blessing & Chakrabarti, 2009, pg 19].
I have tried to achieve a balance of comprehensive descriptive study 1 and
achieving learning by progressing into initial descriptive study 2. I decided that I
needed a somewhat comprehensive descriptive study 1 since this is transdisciplinary research (product development, decision-making and sustainability) and some
of the fields and intersection between fields are not mature in the literature. In
their systematic review of innovating for sustainability, Richard Adams and team
found that this is a research field that is “young, widely distributed and of variable
quality” and furthermore, they found that “studies are largely prescriptive” and
“causal relationships have not been explored” [Adams et al., 2012, pg 59]. This
systematic review did not cover whether particular innovation for sustainability
activities suited some contexts better than others, but they did conclude that there
is no single model that fits all companies [Adams et al., 2012, pg 59]. I therefore
considered it important, as is also emphasised in action research, to understand
the specific context in which some product developers are trying to integrate sustainability into their decision-making.
Including both literature review and empirical studies within specific cases
should help to reduce validity threats. Likewise, by iterating between descriptive

16
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and prescriptive studies, I can test my hypotheses/conclusions in real situations
and so further reduce validity threats.
The result of balancing between comprehensive and iterative is the design
shown in figure 2.3. Using three projects, I iterated between the studies. In the
figure, the depth of each study is indicated by the dots. The empirical work was
undertaken in two cases - a road construction case and an aerospace case. These
cases are illustrated by the light blue boxes in figure 2.3. A third, review-based
project - cognitive barriers - was undertaken after the first project and the general
literature review highlighted a gap of understanding in this area.

Figure 2.3: The three projects (& two cases) undertaken mapped onto the three
studies.
The cases provided empirical input for understanding the current situation
and need in the first descriptive study. They also provided context for prototyping
support in the prescriptive and second descriptive studies. The road construction
case included multiple case meetings, telephone conversations and email communication. The aerospace case comprised 2 interviews, 1 observation session, 4

2.5. STRUCTURE OF THE DISSERTATION
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co-design sessions, and 9 group meetings with product developers, managers and
sustainability specialists in the case company, as well as private communication
via email. The flexible and responsive nature of case study research makes this
approach particularly useful for problem solving [Savin-Baden & Major, 2013,
pg 164]. They also enable in-depth and thorough evaluation and understanding
of a situation [Savin-Baden & Major, 2013; Yin, 2009], which I consider very
relevant for the descriptive activities within the above design research methodology. The depth of understanding can also be enhanced through increased level of
collaboration with case study participants. As suggested by Blessing and Chakrabarti [Blessing & Chakrabarti, 2009, ch. 6.1.5], I used action research methods to
seek the case-specific results and to bring in the collaborative aspect.

2.5

Structure of the dissertation

Chapter 3 describes the general understanding of the current situation and
need, which is a result of the first descriptive study (addressing the first research
question). Chapter 4 summarises the contribution of each paper to the research.
This dissertation includes three papers, each related to one of the three projects,
as illustrated in figure 2.4. The results from the projects are then discussed in
chapter 5 and concluded in chapter 6.

18
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Figure 2.4: Papers mapped to projects and studies.

Chapter 3

General understanding of
situation and need
This chapter describes a general understanding of the situation and need around
integrating sustainability into concept selection decision-making. This understanding was gained largely through reviewing literature and forms an initial result
of the first descriptive study, and as such is part of the work that addresses research
question 1. It also forms a basis for the work described in the appended papers
and chapter 5.

3.1

What is concept selection?

In order to understand the current need and situation regarding integrating
sustainability into concept selection, I first sought to understand and clarify what
is concept selection by asking supporting research question 1a:
SRQ1a What is concept selection?

3.1.1

Product Development - a phased decision-making process

Concept selection is an element of product development where product development is a deliberative process involving a multitude of decisions [Barczak
19
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et al., 2009; Krishnan & Ulrich, 2001] that transforms a market opportunity into a
product available for sale [Krishnan & Ulrich, 2001]. Taking a time-linear process
view of product development decision-making does not exclude iteration within
categories of decision and phases [Ullman, 2003]. In fact, Kihlander & Ritzén
[2012] showed that engineers are more likely to view product development process as iterative decision-making, whereas the managers are more likely to view
it as a linear process. The differing views between managers and engineers gives
rise to some challenges, but we can, at least, describe product development as a
phased process of decision-making [Kihlander & Ritzén, 2012].
Since product development is a phased process of decision-making, it may
also be helpful to invoke a definition of ‘decision-making’. Chai describes decisionmaking as comprising the activities that lead us to choosing and to generating
ideas, which helps us bring order, routine and organisation, and thus aids us in
making sense of the world [Chia, 1994].
Product development decisions do not vary widely, even though the products
can differ widely, since there are certain decisions that need to be made in order
to get to the point of having a product, and so these decisions end up being made,
deliberately or otherwise [Krishnan & Ulrich, 2001]. In a review of the literature, Krishnan & Ulrich [2001] collected the following four categories of ‘generic’ decisions (from across academic disciplines): concept development, supply
chain design, product design, and production ramp-up and launch. Selecting concepts sits within the group of concept development decisions, which are about
specifying what the product will achieve and be, including generating and selecting concepts. There are many prescriptive texts about when (and how) concept
development and product design should be taken [Ullman, 2003; Ulrich & Eppinger, 2011]. As an example, the decisions that Krishnan & Ulrich identified
under concept development map approximately to the phases ‘develop engineering specifications’ and ‘develop concepts’ in Ullman’s [2003] technical design
process (ideal flow chart of activities) and stages 0-2 of Cooper’s [2011] stagegate model. Similarly, decisions in the product design category map to Ullman’s
‘develop product’ and Cooper’s stage 3 (development). Thus, we can conclude
that product developers generally take concept development decisions earlier than
product design decisions. Similarly, they generally take production ramp-up and
launch decisions later than product design decisions [Krishnan & Ulrich, 2001;

3.1. WHAT IS CONCEPT SELECTION?
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Ullman, 2003], leading to phased decision-making.
The decision-making made within phases (in-stage) can be framed as operational decision-making. Whereas deciding whether a project should be terminated or should proceed - review decision-making - can be framed as higher level
decision-making that layers above the operational decision-making [McCarthy
et al., 2006].

3.1.2

Selecting between alternative concepts

Early phase decision-making, particularly idea creation and selection, determines to a large extent the success of a development project [Martinsuo & Poskela,
2011]. This phase is also when there is greater potential to reduce negative sustainability impacts [Bhamra et al., 1999]. The focus therefore becomes on concept
development decision-making, in particular.
A product concept is an idea of a technical solution and associated features,
working principles, attributes and customer benefits [Ulrich & Eppinger, 2011]
and the aim of the concept development phase is to develop the concept(s) so
that it is (they are) detailed enough to ensure that the subsequent product design
phase can be realistically undertaken [Ullman, 2003]. During concept development, product developers are generating options for and selecting between options for: attributes, concepts, variants, architectures, physical form and industrial
design [Krishnan & Ulrich, 2001].
The goal of concept selection is to comparing concepts in order to decide
which concepts to consolidate, develop, or abandon [Ullman, 2003; Ulrich & Eppinger, 2011, ch. 8]. This selection can be performed iteratively in order to reduce
the design space (as with, for example, set-based design [Singer et al., 2009]) or
to select the final product concept to be further developed.
Decision-making of this nature consists of a decision-making process and analysis, both of which impact the decision-making effectiveness. In fact, 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, as well as a good process helps avoid poor analysis [Lovallo & Sibony,
2010]. It is therefore important to consider both of these elements when considering concept selection.

22
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Time pressed decision-making under uncertainty

Given that concept selection is a decision-making activity, I now ask What
characterises concept selection decision-making?, including the decision-making
environment.
Product development decision-making
is characterised by uncertainty and
long feedback loops, involving commitment of large amounts of resources
over long periods of time before the
result is understood [Matheson &
Matheson, 1998]. Including a large
amount of uncertainty is something
that product developers themselves
have expressed experiencing [Kihlander & Ritzén, 2012]. Concept selection decision-making is also dynamic in nature [Yeo et al., 2004]. Figure 3.1: The design paradox [figure
Early in the process, product de- sourced from Ullman, 2003, fig. 1.11].
velopers know less about the design
problem. As product developers work on the project, they increase their knowledge of the problem and alternative solutions. Simultaneously, as product developers develop, select and detail attributes and concepts, they reduce their
design freedom. The lack of knowledge while design freedom is high and lack
of freedom when knowledge is high is called the ‘design process paradox’ by
Ullman [Ullman, 2003]. Figure 3.1 shows how Ullman represents the paradox.
Early in the development process is also when product developers may experience time-pressure. This time pressure is not a surprising result of the race
for shortest time-to-market. Perceived time-pressure have been seen to negatively
affect decision-making performance in lab-based settings [DeDonno et al., 2008].
Outside the lab, time pressure has been demonstrated to lead to both positive and
detrimental effects on quality for individuals [LePine et al., 2005] and for teams,
particularly when the pressure did not lead to a satisfying, enjoyable and stimulating experience [Chong et al., 2011]. Even when perceived as a challenge that
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provides opportunity to problem solve and learn, experiencing time pressure can
add up over time and lead to strain and negative impacts on performance [LePine
et al., 2005].
Not only do product developers need to make decisions with little knowledge
and under time pressure, it is also difficult to even state when decisions are made.
The decisions are embedded in the development of concepts and the decisions
cannot easily be teased out, even if the company’s process prescribes making the
decisions at certain points in time [Kihlander & Ritzén, 2009]. When making
these decisions, it is difficult to know how much information is needed to avoid
major re-work later [Kihlander & Ritzén, 2012], that is, it is challenging to know
how good a decision needs to made.

3.2

How has sustainability been integrated?

In response to supporting research question 1a, concept selection is decisionmaking for choosing between alternative product concepts that is composed of
both decision-making process and analysis and that is performed with low knowledge and under high time pressure. Given this understanding of what is concept
selection, the next step was to understand how product developers have to-date integrated sustainability into this decision-making process and analysis (that is, how
they have started to include sustainability considerations). This led to supporting
research question 1b:
SRQ1b How have product developers integrated sustainability into
concept selection decision-making?
It was difficult to find literature addressing supporting research question 1b.
In fact, I found very few studies on how sustainable product development in general is actually done by companies. A challenge with the field is that “causal
relationships have not been explored” and, in fact, the field is in general “young,
widely distributed and of variable quality” [Adams et al., 2012, pg 59]. Studies are also largely prescriptive [Adams et al., 2012; Baumann et al., 2002].
Despite the many prescriptive suggestions, the importance of sustainability to
companies does not translate to uptake of sustainable product development practices [Short et al., 2012] and implementation of sustainable product development
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tools is scarce [Bovea & Pérez-Belis, 2012; Deutz et al., 2013; Lee-Mortimer
et al., 2009], with pilot implementation projects not being transformed into systematic use [Charter, 2001].

3.3

What is challenging about integrating sustainability?

As described above, few companies have implemented sustainability into their
process and analysis approaches to concept selection decision-making and not
even in their product development process in general, despite many prescriptive
studies. In order to know how best to support product developers, I now asked the
third supporting research question:
SRQ1c What challenges do product developers face when integrating
sustainability into concept selection decision-making?

3.3.1

Barriers to sustainable product development

In a general sense, internal company barriers to sustainable product development fall into two categories (for small-to-medium enterprises) - culture and capacity [O’Rafferty & O’Connor, 2010] 1 . Capability of the designers and engineers,
in terms of knowledge, skills and decision-making power, is important [Bovea &
Pérez-Belis, 2012; O’Rafferty & O’Connor, 2010; Short et al., 2012], but cultural
aspects, such as absence of management commitment, poor supply chain relationships and scepticism of return on investment for sustainability initiatives [Short
et al., 2012], can be the most important [Boks, 2006].
One barrier is that many sustainable product development tools are complex
and time-consuming [Bovea & Pérez-Belis, 2012], and according to European
ecodesign practitioners, overly complex [Prendeville et al., 2013]. In addition,
there is not enough focus on how to implement and manage these complex sustainable product development strategies [Pigosso, 2012]. According to European
ecodesign practitioners, and are not tailored to the business needs [Prendeville
et al., 2013]. Since product development processes are unique to each company
1

based on a systems failure framework proposed by Woolthuis et al. [Woolthuis et al., 2005]
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(even if they follow a common model), process support needs to be highly customised [Knight & Jenkins, 2009].
The lack of progress from trial use of a support to systematic use may be due
to lack of consideration of the broader business system [Baumann et al., 2002].
The lack of progress may also be due to the fact that the suggestions lack practical decision-making support [Prendeville et al., 2013]. In terms of supporting
trade-off decisions, none of 15 tools assessed by Byggeth and Hochshorner were
sufficient [Byggeth & Hochschorner, 2006]. Analysis tools are often not provided
with process support for implementing them and exploiting the results [Boks,
2006], which would lead to not supporting practical decision-making.

3.4

Barriers to good concept selection decision-making

As described in section 3.1.3, concept selection decision-making is performed
under the challenging conditions of high time pressure and low knowledge. The
lack of available information, compounded with lack of time to gather more information can lead to inaccurate judgements and incomplete evaluations [Chin,
1999]. Furthermore, the people making the decisions, even if they were presented
with full information, are not fully rational decision-makers [Simon, 1957].
Integrating sustainability brings additional challenges to concept selection
decision-making. The novelty and complexity surrounding the sustainability domain make decision-makers particularly likely to rely on heuristics [Arvai et al.,
2012; Gregory et al., 2012]. Heuristics are decision shortcuts or ‘rules of thumb’
that humans employ to deal with the large amount of information and many options in daily life [Arvai et al., 2012]. Using these decision shortcuts can lead to
systematic and predictable errors commonly referred to as biases.
Given that the challenging conditions of concept selection decision-making
and of decision-making for sustainability are ripe for bias, what are the barriers
to quality concept selection decision-making when integrating sustainability? Indeed, this led to supporting research question 1d:
SRQ1d Which cognitive barriers are relevant to consider when developing support for integrating sustainability in concept selection
decision-making?
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This research question was addressed by the project work described in Paper C.

Chapter 4

Summary of appended papers
As previously stated, this dissertation includes three appended papers, with
each describing part of one of the projects (as illustrated by figure 2.4). This
chapter outlines the contribution of the project work described in each paper to
the overall research.

4.1

Paper A
Gould, Rachael and Anthony Thompson. “A method for comparing
concepts with respect to sustainability and other values.” In proceedings of the Tools and Methods for Competitive Engineering (TMCE)
2014 conference. Budapest, 19-23 May 2014. Proceedings edited by
I. Horvth and Z. Rusk.

4.1.1

Contribution of project to research

The work in this project involved a case study where I and a colleague studied
decision-makers selecting a road construction process. We developed a method
of support to help these decision-makers to select a process, thus contributing to
addressing the prescriptive study objectives A and B. The developed method helps
decision-makers to consider sustainability aspects when selecting concepts. The
27
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method supports decision-makers to compare alternatives by using indicators that
are based on the values of actors in the extended value network.
Global society is included as an actor who values development that is more
sustainable, where sustainability is defined in-line with the framework for strategic sustainable development. We modelled and visualised the outputs from the
developed method in order to support decision-makers in the case study with their
specific decision. In this way we performed an initial descriptive study 2 to address research question 2.
From this project, I learnt that is very important to focus on supporting the
process of decision-making and that the support should encourage comparative, value-focused decision-making that includes sustainability alongside other
factors. This is a result that addresses prescriptive objective A. A result addressing research question 2 was that including sustainability as what is valued by
global society was perhaps not the most effective way to include sustainability,
in part because this does not encourage decision-makers to consider what aspects
of sustainability they value. In particular, the project helped highlight the need
for better understand of the need for process support and more details on how to
develop support. This led to supporting research question 1d, the project work described in Paper C and the literature reviewed to identify the points in section 5.2.
While working on this project, I also came across the lack of support for
decision-makers to analyse product concept lifecycles with respect to social sustainability (as defined by within the framework for strategic sustainable development). This is a result against research question 1 and formed part of the motivation for undertaking the project described in Paper B.

4.1.2

Contribution of candidate to project

I, the licentiate candidate, carried out the case study with some guidance from
Anthony. I designed the study, undertook all the empirical activities and developed
the support. I also wrote about 90% of the manuscript and then Anthony did most
of the revising of the manuscript. I presented at the conference.

4.2. PAPER B

4.2

29

Paper B
Gould, Rachael, Merlina Missimer and Patricia Lagun Mesquita.
“Analysing product concepts with respect to social sustainability:
Learnings from designing support.” Submitted to journal.

4.2.1

Contribution of project to research

The project work described in this paper was within the aerospace case study.
In this case study, as with the previous, I came across the lack of support for
decision-makers to analyse product concept lifecycles with respect to social sustainability (as defined by within the framework for strategic sustainable development). The company contact point agreed that it was worth investigating how to
analyse the concepts (in a case decision that we were working on) with respect to
social sustainability.
Given the above lack of relevant support available in the field and an expressed
need from a case company, I set out with two colleagues to develop support to help
product developers to analyse two concepts in order to compare them with respect
to social sustainability. We did this and thus contributed to addressing prescriptive
objectives A and B, as well as descriptive research question 2, for the specific case
decision provided. The decision was between two aerospace engine components.
We prototyped support for comparing the extraction activities of the lifecycles of
the two aerospace engine components.
From prototyping support, our main finding was in relation to research question 2. We learnt that the approach of using existing mineral databases and social
sustainability indicators was not suitable for the case decision.

4.2.2

Contribution of candidate to project

The work described in this paper was very much a collaboration between the
three authors. Merlina and Patricia brought a deep understanding of social sustainability, whereas I brought an understanding of concept analysis and selection.
The study design and the reflection was carried out as a group. I, the licentiate candidate, carried out the majority of the data collection from mineral databases and
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the social indicators, except for the social hotspots database, from which Merlina
collected data. I also summarised the data to analyse the two engine components.
I led the writing of the manuscript, but with significant input from the two other
authors.

4.3

Paper C
Svensson, Martin and Rachael Gould. “Hurdles to clear: Cognitive
Barriers in Sustainable Product Development.” In: The 23rd Nordic
Academy of Management Conference - Business in Society. Copenhagen, 12-14 August 2015.

4.3.1

Contribution of project to research

Literature had shown that product developers selecting concepts are subject
to particularly touch decision-making conditions and that these conditions leave
product developers prone to bias and other errors (chapter 3). Literature had also
raised the potential for bias in decision-making for sustainability (chapter 3). This
raised the question of what are the barriers to high quality decision-making at the
intersection of concept selection and decision-making for sustainability. Indeed, I
designed a fourth supporting research question for the first descriptive study:
SRQ1d Which cognitive barriers are relevant to consider when developing support for integrating sustainability in concept selection
decision-making?
To address this question, I first searched for literature on the topic. However,
there was very little literature on cognitive challenges in product development.
(Nikander et al. [2014] experienced similar challenges.) Furthermore, I found no
literature on cognitive barriers to sustainable product development. Given this
lack of literature, a colleague (a specialist in psychology and management) and
I launched a project to address this question. (The project also addressed idea
generating and gate reviewing decision-making.) Paper C describes this project
work.

4.3. PAPER C
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To address this question, we used psychology literature on cognitive shortcomings to identify which barriers are particularly relevant in the decision-making
context described by the literature on product development and decision-making
for sustainability. We found that cognitive barriers due to illusory correlation and
confirmation bias are relevant to consider when developing support for integrating
sustainability into concept selection decision-making. This then enabled me to include literature on mitigating for illusory correlation and confirmation bias when
reviewing literature for the prescriptive study (the results of which are captured in
section 5.2).

4.3.2

Contribution of candidate to project

Together, Martin and I started and designed the study. I, the licentiate candidate, did the reviewing of product development and sustainable product development literature that describes the decision-making tasks and the decision-making
conditions. We worked together to identify the cognitive shortcomings that were
relevant for the tasks and conditions identified. I wrote the majority of the manuscript and then Martin wrote some sections and prepared it for the conference.
Martin presented the work at the conference.
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Chapter 5

Integrating sustainability into
concept selection
decision-making
This chapter summarises the research findings. The first section builds on the
results in chapter 3 to further address research question 1 in terms of elaborating further on the current situation and need for support for the decision-making
process. The second section outlines some ways to support the decision-making
process, thus addressing prescriptive objective A. The third section summarises
the need and results from the project work that addresses the descriptive research
questions and prescriptive objectives in terms of supporting product developers to
analyse concepts with respect to social sustainability.

5.1

Need for process support: Cognitive barriers

As described in chapter 3, concept selection decision-making is performed
under the challenging conditions of high time pressure and low knowledge. The
lack of available information, compounded with lack of time to gather more information can lead to inaccurate judgements and incomplete evaluations [Chin,
1999]. Furthermore, the people making the decisions, even if they were presented
33
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with full information, are not fully rational decision-makers [Simon, 1957].
It is not that product developers are particularly poor decision-makers, rather
that humans tend to favour mental shortcuts over more systematic processing [Gigerenzer & Selten, 2002]. These shortcuts, known as heuristics, are for the most part
functional, but also troublesome as we tend to apply them wrongly in complex
and uncertain decision-making contexts
[Gigerenzer & Selten, 2002]. For example, existing solutions can be chosen because product developers are intimidated by the relative immaturity of newer concepts [Kihlander & Ritzén, 2012] and product developers have been shown to
prefer their own design when scoring concepts [Nikander et al., 2014].
Integrating sustainability brings additional challenges to concept selection
decision-making. The nature of sustainability is complex; it relates to social and
ecological systems, and includes considering not only current global issues, but
also potential future issues. The sustainability consequences of a decision can be
wide-ranging and distributed, yet also interconnected. Wrestling with the complexity of sustainability is also relatively new for decision-makers, compared to
what they usually include in their decision-making. Due to the complexity of sustainability and the relative newness of including it in decision-making, the product
developers likely know less about it than other aspects. The novelty and complexity surrounding the sustainability domain make decision-makers particularly
likely to rely on heuristics [Arvai et al., 2012; Gregory et al., 2012]. Heuristics are
decision shortcuts or ‘rules of thumb’ that humans employ to deal with the large
amount of information and many options in daily life [Arvai et al., 2012]. Using
these decision shortcuts can lead to systematic and predictable errors commonly
referred to as biases.
The above-described understanding of the current situation and need, together
with chapter 3, contributes to addressing research question 1 - RQ1 What is the
current situation and need regarding integrating sustainability into concept selection?. This understanding also led to a more detailed question - SRQ1d Which
cognitive barriers are relevant to consider when developing support for integrating sustainability in concept selection decision-making?. The project described in
Paper C addressed this question and identified that: the particular heuristics and
bias that give rise to cognitive barriers to sustainable product development, under
the decision-making conditions experienced when selecting concepts, are illusory
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correlation and confirmation bias [Paper C].
Illusory correlation is when decision-makers perceive a relationship between
variables that does not exist [Fiedler, 2004]. For example, one of the types of illusory correlation is when you see what you expect to see. Decision-makers are
especially susceptible to seeing what they expect when they are making judgements under uncertainty [Fiedler, 2004], a condition familiar to concept selectors.
Therefore, if product developers expect (believe) that more sustainable concepts
are more expensive, they may judge a sustainable product concept as more expensive.
Confirmation bias is when information that supports (confirms) a hypothesis
is favoured over information that does not fit well with the hypothesis [Oswald &
Grosjean, 2004]. The hypotheses on which product developers base their concept
comparison and selection could be spuriously confirmed as a result of this bias. It
is an important bias that occurs when knowledge is low. Dan Lovallo, a decision
researcher, said [in an interview quoted in Heath & Heath, 2013, pg 12]: “Confirmation bias is probably the single biggest problem in business, because even
the most sophisticated people get it wrong. People go out and they’re collecting
the data, and they don’t realize they’re cooking the books.”
Example
Consider a product developers who is comparing two concepts. She is comparing them in many ways, including performance in terms of weight and destruction of natural resources (across the lifecycles). The product developer has
greater experience with lightweight solutions than low-destruction-of-nature solutions and so she is prone to to illusory correlation and perceiving the combination
of lightweight and high-destruction-of-nature as more probable. Comparing the
concepts is complex and she is performing it under low knowledge, high time
pressure conditions. She may be (unknowingly) tempted to want to believe her
hypothesis that sustainable product concepts are less probable (and avoid dealing
with the additional complexity). She would therefore be susceptible to remembering and searching for information that confirms her hypothesis that the combination of lightweight and high-destruction-of-nature is more probable.
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Hurdling cognitive barriers: Desired functionalities
for support for the decision-making process

Although the above biases have been identified, it is very challenging for
product developers themselves to be aware of cognitive barriers. Part of the way
our cognitive systems work is pre-conscious, rapid and automatic [Kahneman,
2003, 2011; Stanovich et al., 2000]. We are therefore unaware of some of the
brain’s operations,and it can thus sometimes send us off-track. That is part of the
reason for biased decision-making. Also, importantly, we rarely catch ourselves in
the act of making errors, but rather simply accept the intuitive and effortless thinking. However, management experts have so far mostly proposed that ‘forewarned
is forearmed’ [Kahneman et al., 2011]. Kahneman et al. argue that it is not
enough to know what the potential biases are, since that will not impact the automatic decision-making, but decision-makers need support for hurdling the barriers
due to cognitive biases. The following subsections therefore cover functionalities
desired (derived from literature) in order to mitigate bias and hurdle the identified barriers to high quality concept selection decision-making when integrating
sustainability. The desired functionalities of support are a result from undertaking initial prescriptive studies Blessing & Chakrabarti [2009]. In this work, the
desired functionalities are therefore a deliverable against prescriptive objective A.

5.2.1

Active & value-focused

To help product developers to deal with the challenges of novelty and complexity that surround sustainability, the support should be active decision support,
which means that it helps them to break down the complicated decision into manageable parts and uses particular techniques to avoid or mitigate bias [Arvai et al.,
2012]. This means that we should focus on supporting the process of decisionmaking. As noted earlier, the quality of the decision-making process can be 6
times as important as the quantity and detail of analysis performed [Lovallo &
Sibony, 2010].
Given the complexity of the decision-making context and that people construct their preferences based on clues throughout the decision-making process
(not just based on related information), it is important that any active decision
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support provides an explicit emphasis on values and value trade-offs [Arvai et al.,
2001; Keeney, 1992]. The value-focused approach helps the product developers
to consider a fuller range of concerns and then to maintain focus on what matters.
When I use the term values, I mean those things that the stakeholders want
(what they value) that are related to the particular decision under focus. This could
include more tangible values such as cost and less tangible values such as perception. Starting with what is valued is in line with value-focused thinking [Keeney,
1992] and the value model [Lindstedt & Burenius, 2003], and is related to valuedriven/centric design [Collopy & Hollingsworth, 2011] and value-centric analysis [Richardson et al., 2010]. Similar to taking a value-focused approach, the
framework for strategic sustainable development proposes that sustainable development should be strategic and that organisations should choose actions that are
more sustainable while delivering return on investment [Broman & Robèrt, 2015].
The support should therefore support the users to start from what is valued
by the stakeholders of the decision, to identify sustainability analyses that are
relevant to what is valued and then summarise the analyses in order to compare
the concepts with respect to what is valued. It is important for the decision-makers
themselves to decompose the values and relate them to facts/consequences for the
various alternatives. Doing this is considered an important cognitive aid [Gregory
et al., 2012, pg 24] and is something that is often missing from simple, traditional
matrix-based analysis methods that are often used for concept selection.

5.2.2

Compare credible alternatives

Support should encourage comparison of the alternative concepts [Paper A].
For hurdling barriers due to confirmation bias, Kahneman [2011] suggest checking for meaningful alternatives - not alternatives that are slight variants of each
other or alternatives that are directly dismissable. Furthermore, in order to reduce
the potential for spurious confirmation, it is important to consider alternatives even
when one option/reasoning seems obvious [Oswald & Grosjean, 2004]. Research
has shown that when multiple options were developed, success rates increased
from 56% to 70% [Nutt, 1999] and boards made 6 times as many ‘very good’ decisions compared to evaluating a single option [Gemünden & Hauschildt, 1985].
Directly comparing alternatives allows for better understanding of important
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principles of the problem (as well as generating designs in parallel leading to better results) [Dow et al., 2010]. Some may think that comparing alternatives takes
more time than evaluating a single option, but it has been shown that executives
who weigh more options actually make decisions faster since it helps them better
understand the situation, what is possible and the factors involved, which in turn
gives them enough confidence to make a quicker decision [Eisenhardt, 1989]. We
therefore think it important to provide a way of comparing alternatives [Arvai
et al., 2012], rather than asking decision-makers for their preference for a lone
option [Paper A].

5.2.3

Encouraging parallel use of the analytical and emotional
systems

Gregory et al. [2012, pg 212] state that it is critical to remember that both
quick intuition and deliberative judgement play their role and both need to be
encouraged in the decision-making process. Reflection on personal values and
then the using of both intuition and deliberative judgement enable more stable
choices. Wilson puts it beautifully when concluding his literature review: “The
ideal or high-quality decision then becomes the one that is neither driven solely
by affect and emotion nor solely by a cognitive assessment of the technical data
and results from a meaningful consideration of both despite internal and external
resource constraints.” [Wilson, 2008, pg 1455]
In general, a good practice for mitigating bias in environmental choice decisions is to use multiple framings positive gains, negative losses, factual, emotional to guard against some aversions, to encourage use of both the analytical
system and the emotional system (see previous point), and to draw on both thinking of individuals and of the group [Gregory et al., 2012].

5.2.4

Modelling & analysing to give insights

Structured decision-making is designed to support deliberation that is informed
by analysis. This analysis could be on the back of an envelope or using state-ofthe-art computing techniques [Gregory et al., 2012]. The first steps could be
considered as building a value model. Gregory et al. [2012] highlight that good
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decision-making does not need this value model and the following analysis to be
quantitative, however, if it is not clear which option is preferred, then assigning
explicit weights and performing quantitative modelling can be useful. Modelling
encourages explicit definition of relationships between values and consequences
and including interdependencies. It enables peer review and another opportunity for insights into consequences [Keeney, 1992]. Modelling can also make it
easier to assign priorities or weightings to values/ objectives/ consequences. Since
people often assign weights implicitly anyway, making these weightings explicit
can encourage transparency, consistency and inclusiveness [Gregory et al., 2012].
The support should therefore urge users to make explicit what stakeholders value
and then to use modelling and analysis to provide insights, not answers, in line
with structured decision-making [Gregory et al., 2012].
When identifying which analyses to do, actively searching for information
that contradicts, as well as information that supports, the current hypothesis (for
example, that a certain activity is high cost), known as using a diagnostic strategy,
can help avoid confirmation bias [Oswald & Grosjean, 2004].

5.3

Analysing with respect to social sustainability

Support is needed for analysing the lifecycle activities of concepts with respect to social sustainability [Paper A]. A significant challenge for analysing the
earliest lifecycle activities - extraction activities - is that companies very often do
not know where their material (those specific molecules) come from. For example,
after being mined, the case company’s raw materials are sent to be processed, potentially mixed with material from other sources, combined into an alloy, and sold
on the open market before being used to create components. These multiple steps
performed in multiple locations by multiple actors make traceability difficult, and
the case company did not know where their molecules were extracted.
Given this situation, we addressed prescriptive objective A - (A) Identify what
functionality might support have in order to address the needs - by trying the
strategy of focusing on ways to analyse the risk of contributing to unsustainability
[see Paper B]. Then we addressed prescriptive objective B - (B) identify what
support can therefore be provided in order to improve the current situation - by
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developing an approach that instructs users to model the country of extraction
(using existing databases) and then use existing indicators to analyse the output
of this model [see Paper B]. The indicators should be selected according to their
relevance to scientific principles for social sustainability [Paper B].
We addressed research question 2 by applying the developed approach for the
case decision. We used the World Mineral Statistics dataset [Minerals UK] to
identify the top producing countries for each mineral and built a model of where
the minerals were extracted. An example of an indicator that we then used to
identify social conditions in the countries in the model is ‘years of tertiary schooling’ from the social progress index [Social progress imperative, 2014].
Of course, by its nature a model of reality is an approximation. The approximations in our approach modelling and use of indicators enables analysis, but
likely results in large cumulative errors due to performing multiple numerical operations on data that is quite a rough approximation. This approach was therefore
not useful for comparing the two very similar concepts in the testing case decision
[Paper B]. This is an important descriptive study 2 result - addressing RQ2 According to initial evaluation of the support, how well can the support be used for
the task for which it is intended and how well does the support impact the current
situation as was desired?

Chapter 6

Conclusions
6.1

Concluding remarks

The goal of this research was to investigate how to integrate sustainability
into concept selection decision-making. In line with this goal, I employed the
design research methodology and the research question for the first descriptive
study was: RQ1 What is the current situation and need regarding integrating sustainability into concept selection? Together with a colleague, I found that the
current situation and need regarding integrating sustainability into concept selection decision-making is that support is needed for the decision-making process.
The support for the process may need to help product developers to mitigate for
cognitive barriers due to illusory correlation and confirmation bias and to help
them increase their understanding of sustainability. The support also needs to be
highly usable and customisable.
Given the above needs, we addressed the prescriptive objective A - (A) Identify
what functionality might support have in order to address the needs and found
that the support should focus on addressing the decision-making process and be
active decision support that is value-focused. The desired functionality may also
include supporting product developers to compare credible alternatives, using a
diagnostic strategy, using multiple elicitation methods to draw on both cognitive
and intuitive systems of thinking, using multiple framings when communicating
41
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results and using modelling to provide insights (as appropriate).
With regards to the second research question - RQ2 According to initial evaluation of the support, how well can the support be used for the task for which
it is intended and how well does the support impact the current situation as was
desired?, the very early indications from applying prototype support are that an
active decision-support that is value-focused is attractive.
The descriptive research questions and prescriptive objectives were also addressed in terms of analysing concepts with respect to social sustainability. Another aspect of the current situation and need regarding integrating sustainability
into concept selection decision-making is that support is needed for analysing
concepts with respect to social sustainability. Support for analysing the extraction lifecycle phase may instruct users to take a modelling approach, and to use
existing databases and indicators that users select according to their relevance to
scientific principles for social sustainability. Early indications from prototyping
such support are that, although the approach may make it possible for product
developers to analyse concepts, the level of accuracy of analysis that is possible
is not good enough for comparing concepts that are very similar to each other.
However, perhaps such an approach could be learningful for product developers
and/or other decision-makers.
The audience for this research is fellow researchers and others developing
support to help product developers to start including sustainability when they are
selecting product concepts. The main contribution is (1) opening the discussion
about what cognitive barriers developers of support should be aware of, and (2)
some initial suggestions on how to hurdle these barriers when developing support.

6.2
6.2.1

Further work
Further improving understanding of the need

Continuing directly with the work described in this dissertation, further work
is needed to further understand the current situation and need. Empirical studies
are required for investigating the conceptual system of cognitive barriers to sustainable product development that has been developed. This could be done using
existing experimental designs for detecting bias and performing them in a concept
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selection context, such as with sustainable product development students and then
perhaps product developers. The empirical studies could also involve observing
decision-making and analysing documentation.

6.2.2

Elaborating and evaluating support

The desired functionalities also need to be elaborated into support concepts
and their credibility scrutinised through application and usage. This could be
achieved by reviewing theoretical literature on what should work and empirical
literature on what has worked in the following related areas: support for decisionmaking for sustainability, sustainable product development and concept selection.
The prescriptive study could potentially be enhanced by exploring the how to
make the support learningful (see the next subsection).
A review of literature on how to measure the quality of a decision-making
process is also needed for supporting further evaluation work.

6.2.3

Learningful support

Decision-making for sustainability decisions requires learning [Gregory et al.,
2012]. This involves learning about your own values and those of the other stakeholders, as well as increasing understanding about (sustainability) consequences.
Any support for sustainable product development should therefore be learningful
for the users.
Learning more about sustainability would also help product developers to
overcome the biases that arise from being more familiar with some considerations
in a trade-off decision than others. And would probably also help them come up
with more sustainable ideas. However, they likely do not have time to go away
and study sustainability in general. Plus, they need sustainability knowledge that
is particular to their situation. Learningful support would both help them with the
decision at hand and help them learn in preparation for future projects.
In general, how can we develop support for sustainable product development
such that it helps with learning and change at both the organisational and the individual level? This is a question that I believe to be worthy of investigation.
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It may include theory from organisational change, organisational learning, individual learning and behaviour change.

6.2.4

Ideation

Concept selection is not the whole story. The lifecycle sustainability performance of selected product concepts is limited by the potential performance of the
concepts being selected between. I therefore consider ideation as an important
leverage point. Some potential research questions are: How might product developers be supported to generate ideas that are more sustainable? What ideation
foci can be derived from the eight sustainability principles? How can support developers help product developers to hurdle cognitive barriers and generate ideas
for products that are more sustainable?
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Abstract
Selecting concepts involves challenging decisions because decision-makers must consider many factors
and the implications of the selection are far-reaching
and unknown.
As markets become increasingly
sustainability-driven, bringing sustainability considerations into the decision is necessary. This is challenging due to the complexity of the concept of sustainability and it being unfamiliar to many decisionmakers. In this work we therefore aimed to develop
support for helping decision-makers to consider sustainability when selecting a concept. We undertook a
case study where we studied decision-makers selecting a road construction process. Then we developed a
method of support to help these decision-makers to select a process. The developed method helps decisionmakers consider sustainability aspects when selecting
concepts. The method supports decision-makers to
compare alternatives by using indicators that are based
on the values of actors in the extended value network.
Global society is included as an actor who values development that is more sustainable. We modelled and
visualised the outputs from the developed method in
order to support decision-makers in the case study with
their specific decision. Early indications from our testing are that the method and general approach could be
useful for decision-makers wanting to consider sustainability in concept selection.

KEYWORDS
Sustainability, sustainable product development, value,
value-focused, concept selection, decision-making.

1. INTRODUCTION: DECISION-MAKING
IN COMPLEXITY, BASED ON WHAT IS
VALUED
Selecting which concepts to invest in can be challenging; even more so when you want to include sustain-

ability in your decision. As the public road authority in
Sweden, Trafikverket must face this challenge and include sustainability in their decision-making [1]. The
nature of sustainability is complex; it relates to social
and ecological systems, and includes considering not
only current global issues, but also potential future issues. Wrestling with the complexity of sustainability
is also relatively new for decision-makers (compared
to cost and risk, for example). In this type of decisionmaking context - complex and un-familiar - decisionmakers are particularly prone to relying on decision
heuristics (decision-making shortcuts that are useful
for routine decisions), resulting in systematic errors
and biases [2, pg 25]. We therefore think that including
sustainability in their decision-making is a challenging
task for decision-makers and hence they could benefit
from support for selecting between concepts.
When providing support to decision-makers, we need
to be careful with how decision-makers consider sustainability in relation to other factors. Considering
aspects of a selection decision before other aspects
can sway a decision-maker’s preference. Similarly,
the order in which support presents information can
also influence decision-makers [3, 4] For example, if
asked to consider risk prior to considering sustainability, decision-makers are susceptible to giving more importance to risk than they would if they were to consider sustainability first. This effect is worse when
decision-makers have little experience with the subject,
for example, with emerging sustainability considerations. [5] We thus consider it important that sustainability is considered at the same time as other aspects or
concerns during concept selection, and not as an afterthought.
When selecting concepts, decision-makers not only
need support to help them include sustainability alongside their other concerns, but also to consider their full
range of concerns. When faced with complex trade-
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offs, such as selecting concepts with respect to sustainability and other considerations, decision-makers
generally lack the ability to consider their full range
of concerns and therefore tend to base their decisions
on only a subset of what they value [6]. Value-focused
thinking is an approach designed to help by getting participants to think about all their values and then make
the decision based on these values [7]. There are many
studies that show that decision-makers often do not
make decisions in this value-focused way [8]. It is
therefore important that, for these kinds of complex decisions, decision support provides an explicit emphasis
on values and value trade-offs [7, 8].

In order to develop our understanding of the system, we
wanted to explore a relevant and contemporary case.
We also wanted the opportunity to test our ideas for
supporting decision-makers with including sustainability when they select concepts. We therefore used a case
study to help us dig into the challenges being faced
by a group of decision-makers, to help us create relevant and useful decision support, and then to provide a
testing arena for evaluating our decision support. This
contemporary and real-life nature of our study, along
with the boundaries between decision-makers and decision process being unclear are in line with Yin’s reasons [13, ch. 1] for using a case study.

When we use the term values, we mean those things
that the value network actors want (what they value)
that are related to the particular decision under focus.
This could include more tangible values such as cost
and less tangible values such as perception. We chose
to focus on value in order to help decision-makers take
a more holistic perspective (focused on what they and
others really want [2, pg 6]) and select alternatives that
provide greater value to actors within the value network (including intangible values), rather than alternatives only meeting (tangible) requirements. (Value network actors are people or organisations that contribute
to the decision or are impacted by it.) Starting with
what is valued is in line with value-focused thinking [7]
and the value model [9], and is related to value-driven/
centric design [10] and analysis [11].

In section 2.1, we outline our research methods,
mapped onto the structure of the design research methodology, and in section 2.5, we describe our case study.

In summary, we wish to support decision-makers
to carefully construct their preferences during the
decision-making process and to do so based on what
they all value. As part of this support, we intend to
help decision-makers to consider sustainability sideby-side with their other values. The challenge therefore becomes: How could an approach focused on values be used to support decision-makers, who are selecting concepts, to consider sustainability alongside
other things that are valued by value network actors?

2. RESEARCH APPROACH: DESIGN
RESEARCH METHODOLOGY WITH A
CASE STUDY
We wanted to understand how to support decisionmakers with concept selection and we had the opportunity to provide support selecting concepts. We therefore chose Blessing and Chakrabarti’s design research
methodology [12] because guides researchers to understand the system and situation, to develop support for
improving the situation and then to evaluate results.
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2.1. Research methods
In line with Blessing and Chakrabarti’s methodology,
we carried out the following three types of activity: (1)
an initial descriptive study to understand relevant research areas, and the particular decision and surrounding context of the case study, (2) a prescriptive study to
develop support for decision-makers in the case study,
and (3) a second descriptive study to start evaluating
the tool and method. We began with the initial descriptive study and then iterated between all three studies,
particularly regularly between developing and evaluating our support. In the following subsections, we outline the methods we used for each type of activity.

2.2. Initial descriptive study understanding relevant research and
the decision system
We reviewed decision science and value innovation literature and read literature and documents on sustainability considerations in road construction. We also
looked at popular articles and government reports on
the challenges in road construction projects. Within
the case study, we studied documents and interviewed
decision-makers and experts in order to develop our
understanding of the road construction process, the
decision-making and what the decision-makers value.

2.3. Prescriptive study - developing the
support
We developed the support by exploring a few alternative designs and learning from relevant research areas.
The research areas included decision-making for sustainability, how to visualise information, value focused
approaches, sustainability indicators and lifecycle as-
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sessment. Our result is support in the form of a method,
which we explain in section 3.

2.4. Second descriptive study - starting
to evaluate the support
We focused this evaluation on assessing usability and
applicability, and suggesting improvements, which
corresponds to the evaluation of application of the proposed changes in the design research methodology.
This evaluation meant we studied how we could make
the support easier to use and how to better help users to
achieve the longer-term objective of making their concepts and system more sustainable.
In order to assess and improve this developed method
we applied the method to the case study. We, the researchers, used the method to support decision-makers
for the specific decision in the case study. As explained
in section 3, the final step of the method is to model relationships and visualise results in order to support a
decision, and so every time we did the last step of the
method, we created or evolved those models specific to
the case study decision.
As we applied the method, we noted our real-time observations on what worked well, challenges and ideas
for improvements. We then incorporated some of these
improvements in the next of many small iterations of
developing the method. During development, we discussed our method and prototype tool in person with a
representative from Atlas Copco and some of the components were discussed via email with a former employee of Trafikverket (who is an expert in the technical aspects of the active design decision). In addition, we presented (in person) the prototype (as described in section 4.2) to the same Atlas Copco representative as before and to the wider project group.
We also provided supporting written documentation to
Atlas Copco. We solicited feedback from all parties.
We included the results of this evaluation in the development of the method and prototype, except for the
current set, which are reported in section 5.

construction of new roads. This is a challenging responsibility, as illustrated by the various accidents and
their causes captured in the Swedish Geotechnical Institute’s recently published report (on construction in
general, including road construction) [14]. Due to
the large losses associated with these accidents and
with project delays, Trafikverket are under pressure to
provide higher quality roads that lead to fewer problems during use and to deliver these through construction projects with fewer delays and unexpected costs.
Meanwhile, society is also demanding that they do it
in a more sustainable way.
Trafikverket have identified a potential solution to the
challenge of improving the road construction process:
active design. In active design, information gathered in
one step of the construction process is used to design
the next part. For example, the thickness of the pavement (top layers of the road) can be designed after
measuring the strength of the previous layers.
Atlas Copco AB is a Swedish company who, under
their Dynapac brand, have developed a tool for measuring, recording and displaying the relative strength of
layers as these layers are compacted by a large rolling
machine. This tool, the Dynapac Compaction Analyser, is therefore useful in active design, for example
for identifying weak areas in layers of the road, which
can then be strengthened before moving to the next step
in the construction process. Atlas Copco also recognise
the importance of sustainable development and see potential in their solution and active design to help make
road construction more sustainable.
There thus emerges a decision: whether to use active design, with the Dynapac Compaction Analyser, or
keep to the current road construction process. No-one
was clear on whether active design would really improve road construction in terms of the various considerations, such as whole life cost, safety and sustainability. This decision is the focus of the case study.

2.5. Case study: selecting a road
construction process

3. RESULTS: APPROACH AND METHOD

“The largest causes of loss [in Swedish construction
projects] relate to lack of knowledge, lack of
geo-information and decision-making processes”
according to respondents of the Swedish Geotechnical
Institute’s survey [14, p. 19].

There are three types of result - the method that we
developed, the approaches on which we based the
method, and the prototype tool resulting from applying our method to the case study - as illustrated in figure 1. In this section, we introduce the approaches
(section 3.1) and detail the steps in the method (section 3.2). (There is a further type of result - the evaluation of the method - which we share in section 5.)

In Sweden, Trafikverket are the national authority responsible for providing roads, including managing the
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Figure 1 We combined three approaches (section 3.1) to develop our concept selection method (section 3.2). The
prototype tool (sections 4.2–??) was a result of applying our method for the active design decision.

3.1. Comparative, value-centric approach
that includes global socio-ecological
sustainability
Comparative approach
We propose a comparative approach, where applying
the method results in a comparison of alternatives,
rather than some absolute measurement. For example,
the method helps decision-makers to identify and communicate which option is relatively more sustainable
and which has relatively lower whole-life cost, rather
than some absolute sustainability measurement and the
exact whole-life cost.
By taking a comparative approach, decision-makers
can scope down the decision to only those things that
vary between the alternative concepts. For example,
when considering the steps in the road construction
process (in the case study), we were able to disregard
the early step where the subgrade is cut out because the
alternatives do not differ for this step. Furthermore, we
urge decision-makers to scope down the system under
consideration in order to reduce the number of factors
that need to be considered for the comparison.
We also employ a comparative approach to help
decision-makers to mitigate their evaluability bias.
Decision-makers are prone to focusing more on the
easy-to-evaluate attributes (such as cost) than the
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difficult-to-evaluate attributes (such as long-term sustainability implications), unless they are provided
with suitable reference information to help with the
difficult-to-evaluate attributes. This bias occurs even
when the difficult-to-evaluate attributes are more relevant to the decision, and evaluability bias can lead to
the decision-maker preferring the easy-to-evaluate option [15]. We therefore think it important to provide a
way of comparing alternatives [5], rather than asking
decision-makers for their preference for a lone option.
Value-centric approach
With a value-centric approach, decision-makers create a model of the values in the system and then
use it to rate the relative attractiveness of alternatives (our definition based on value-focused thinking [7]
and Richardson et al.’s definition of value-centric analysis [11]). It is important for the decision-makers
themselves to decompose the values and relate them to
facts/consequences for the various alternatives. Doing
this is considered an important cognitive aid [2, pg. 24]
and is something that is often missing from simple, traditional matrix-based analysis methods that are often
used for concept selection.
We believe that using the identified values to develop
indicators (rather than selecting from lists of existing
indicators) increases the chance of completeness and

Rachael Gould, Anthony Thompson

helps the user and actors to understand which indicators are interesting to which actors. It also helps the
user to scope to only those indicators that are relevant, particularly when considered for only what differs
between the alternatives. One limitation is that expert
input may be required in order to develop the particular indicators for each type of values. However, expert
input is not uncommon, with cost modellers providing
specific cost indicators and values, and so hopefully it
would not be a big problem.
Value-focused structured decision-making methods
have been designed and used for complex decisions
that involve sustainability, for example [2, 8, 16]. However, we have not found examples for product development decisions, or for selecting concepts in particular.
There is also support for value-driven product development. Linstedt and Burenius’ value model [9]aims
to support focusing on value creation when running a
development project, but it contains very little detail
on how to select concepts (pg. 474). Collopy and
Hollingsworth’s value-driven design [10] aims to encourage engineers to consider monetary value in addition to functional performance, but is limited to monetary value and does not seek to support decision-makers
in identifying the full range of what is valued. We have
therefore identified a need for value-centric support for
integrating more sustainable development into concept
selection decision-making.
We developed such a value-centric approach and integrated sustainability by including it as what global
society values. Our aim was for decision-makers to incorporate global socio-ecological sustainability in their
decision-making and to consider it alongside other
factors (see introduction). To achieve this, we include
more sustainable development by incorporating global
society as an actor and capturing more sustainable development as what society values. Although all the actors are members of society, an actor perhaps does not
consider their perspective as a member of society when
representing their organisation, and so we give them a
nudge to do so.
Definition of global socio-ecological sustainability
In order to include more sustainable as a value and
identify related indicators, we needed a way of identifying what is more sustainable. We also needed to find
a way that enables decision-makers to compare the alternatives with respect to sustainability as easily as they
could with respect to the other factors. Without suitable
points of comparison, decision-makers will tend to fo-

cus more on the things that are easy-to-evaluate (such
as cost) and less on those that are more difficult, even
though they may be more important for that particular decision [15]. We therefore needed a way to consider sustainability that is highly usable in the decisionmaking process.
We chose to use the definition of sustainability
provided by the sustainability principles given in
Robèrt et al.’s framework for strategic sustainable development [17]. This definition of sustainability is
built upon an identification of the upstream causes of
unsustainability for the global ecological and social
systems. By identifying the upstream causes of unsustainability, rather than downstream impacts of these
activities, Robèrt et al. attempt to provide a holistic
view that also allows for unknown sustainability impacts. We considered that the holistic and global socioecological nature of this definition was well matched
to what we needed for a definition of sustainability being what global society values. It has also been developed, tested and refined by researchers and sustainability practitioners for over 20 years [18, pg. 4].
Robèrt et al.’s four sustainability principles are that,
in a sustainable society, nature is not subject to systematically increasing. . .
(1) . . . concentrations
of substances extracted from the Earth’s crust, (2)
. . . concentrations of substances produced by society,
(3) . . . degradation by physical means, and, in that
society, (4) people are not subject to conditions that
systematically undermine their capacity to meet their
needs [17]. Robèrt et al. also designed the principles
in such a way as to enable users to determine how an
activity is contributing to unsustainability. We therefore wished to try using them to help decision-makers
understand which alternative is more sustainable.
Although the principles can be used to determine
whether and how an activity is contributing to unsustainability, an analysis must be performed in order to
achieve this. The principles are not indicators, but
rather a tool for analysing how an activity contributes
to the upstream causes of unsustainability. Using them
therefore requires effort and, arguably, specialist skills.
We thus needed to find a way of making the use of
this definition of sustainability more functional for the
value-centric comparison of alternatives, such as developing indicators.
We considered existing indicators associated with the
sustainability principles to be unsuitable for inclusion
for inclusion in our method. Azar et al. created a set of
indicators for the sustainability principles [19]. These
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indicators are at a societal level and are more complicated than is required for indicators that are used to compare (rather perform an absolute measurement). Others have used the sustainability principles to develop
indicators specific to their context or question, for example, Sokka et al. developed indicators for assessing
industrial symbiosis [20]. Thompson et al. developed
a method that includes listing current sustainability criteria/indicators, using the sustainability principles to
add to the list of criteria and then rationalising and converting the list into a sustainability compliance index
(steps 1–2 of their method) [21]. Since Thompson et
al.’s method starts by collecting whatever indicators are
already being used, it does not easily fit a value-centric
approach. In addition, Thompson et al.’s method is under development and needs further work before it can
be used. In summary, no suitable existing indicators
related to Robèrt et al.’s principles were found.

A user is likely to iterate between the steps. In steps
2, 3 and 5, a user will have to make scoping decisions,
for example, about how many actors or indicators to
include. It would be ideal to include all information,
but this is not possible and so a user must limit the
scope while trying to include as much as possible.

Since no suitable set of indicators existed, we developed our own way of converting more sustainable
as a value into something more tangible. We propose
using the sustainability principles to analyse the differences between the alternatives being compared. This
includes performing a sustainability life cycle analysis
of physical goods used in the activities being compared. A sustainability life cycle analysis1 is where the
sustainability principles are used to analyse each life
cycle stage in turn [22] and is often communicated as a
table with life cycle stages along one axis and sustainability principles along the other.

Step 2: Identify actors in the value network.
(a) List individuals, groups or organisations involved
in making the decision or are likely to be impacted by
it. It may help to consider those actors who influence
or are affected by the delivery of each concept. (See
Peppard and Rylander’s step 2 [23] for inspiration for
how to identify value network actors.) (b) Add (global)
society to the list in order to include those who could
be affected by the sustainability aspects of the decision.
Adding society is an integral part of this method.

3.2. A six-step method
The developed method centres on identifying and modelling the relationships between the actual things that
differ between the alternatives and what the actors
value. The method comprises the following steps:
1.
2.
3.

Identify the selection decision.
Identify the value network actors.
Identify the functional, economic and emotional
values for each actor.
Scope down the things considered in the decision
to only what is different between the alternatives.
Use the values to analyse the differences between
the options and so develop indicators and root
variables.
Model relationships and visualise the results.

4.
5.

6.
1

Also known as sustainability/strategic life cycle assessment
and strategic life cycle management.
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The six steps
In the following paragraphs, we describe each step in
more detail and in section 4.1 we illustrate the steps
with examples from the active design case study.
Step 1:
Identify the selection decision.
(a) Identify the concept selection you wish to make.
(b) Then identify the alternative concepts. There must
be at least two concepts, one of which could be the current process, system or product.

Step 3: Identify the functional, economic and
emotional values for each actor. (a) Use Tan et
al.’s [24] approach to identify what each actor values
- what they consider most important - in the specific
context of this concept selection decision. The statement of the value should include a desired direction.
We chose to use Tan et al.’s approach as a means to
support users to more completely identify what is valued by value network actors. (b) Ensure that more sustainable is captured as what the global society values.
Step 4: Scope down the things considered in
the decision to only what is different between
the alternatives. Delineate the alternatives and
scope down the decision to only comparing what differs between the alternatives. It may be necessary or
helpful to break down the alternatives into similar parts
such that the comparison can be made for each of these
parts.
Step 5: Use the values to analyse the differences between the alternatives and so develop indicators and root variables. Use the
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sustainability principles to analyse activities,
including life cycles. (a) Consider each value in
turn, and for each part in turn. Identify what causes
changes in the value and what might indicate changes
in the desired/undesired direction for the value. These
things that indicate changes in the desired/undesired
direction for the value are your indicators. For the
value more sustainable, use the sustainability principles and comparative sustainability lifecycle assessment (see section 3.1) to analyse each part. (b) Then
identify what these indicators are dependent on. Continue until you identify the root things that change these are your root variables. Record the relationships
between the root variables, indicators and values. Various tools could be used to calculate how indicators
vary with the root variables, for example cost modelling. Note that in this step you are not analysing the
alternatives, but rather analysing the differences with
the intention of developing a set of relevant indicators.
Step 6: Model relationships and visualise the
results. (a) Take the indicators and root variables
identified in step 5 and model the relationships between
them. Add the required raw data. If you want to be
able to sum across different parts, then the data must
be quantitative and relative, usually absolute. (b) Visualise the results for the indicators, for each comparison being made. Present the indicators simultaneously
in order to help mitigate bias towards the first indicator displayed and to make explicit any trade-offs.
Decision-makers will then be able to use the output of
this step to examine trade-offs and understand how the
alternatives compare.

4. RESULTS: CASE STUDY
In this section, we share some examples from applying
the above-described method in the active design case
study. In section 4.1, we give examples from each step
and in section 4.2, we describe the prototype decision
support tool we created in step 6.

4.1. Sample of results from using method
in active design decision case
The following list gives some of the results from applying each of the six steps of the method.
1.

2.

Which road construction process do we prefer?
Alternatives: active design and the current road
construction process.
Atlas Copco, road builders, Trafikverket, road
users and society.

3.

4.

5.

Society: More sustainable. Trafikverket: Lower
or constant initial cost; . . . increased perception by
society of how sustainable are Trafikverket.
We excluded the early steps of the road construction process that were the same in both the current process and in an active design process. We
chose how to break down the process into steps
by identifying ‘natural’ steps in the process and
by understanding (during step 5) how far the process needed to be broken down into steps such
that participants could consider that step in isolation.
The difference in initial construction cost between
the two alternatives is given by summing the
differences (between the alternatives) for all the
costs included in the initial constructions phase,
such as personnel costs and fuel costs. The difference in man hours and in fuel usage (between the
alternatives) are directly proportional to the difference in time spent on an activity and difference
in cost of fuel, among other things. These are then
given by:
∆f uel costsstep
= costunit of f uel · ∆amount usedstep
= costunit of f uel · f uel usage rate
·∆activity durationstep .

(1)

Here, ∆activity duration is a root variable, costunit of f uel is a coefficient and
∆Initial construction cost is an indicator.
We had to find ways of facing the challenge of
missing data. For example, considering the value
more sustainable for the paving step. The paver
(machine) would be used more for active design
than it is for the current process. Therefore,
there are more of all the paver lifecycle issues
because more pavers are used. For example, more
virgin materials used due to the construction of
more pavers and more CO2 emissions from
increased usage. Turning the second example
into something measurable was easy (easy to sum
with emissions due to other sources). The first
was a little more difficult because we needed to
have data that it is not readily available. Rather
than measure it directly, we calculated the change
in the proportion of the usable lifetime of the
machine that is ‘used up’ in a particular step.
And then, we could use the relative weight of the
machines and an assumption that the machines
have an equal proportion of material that is virgin
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to indicate relative use of virgin materials and
thus sum across different machines and steps.
6.

We modelled the relationships and visualised the
results in a simple Microsoft Excel file, thus creating a prototype decision support tool for this
decision. Figure 2 is a simple representation of
the prototype, where the boxes represent modules that perform simple operations on the inputs
(shown as lines). Example operations are summing together and multiplying by a coefficient.

Figure 2 Architecture of the case study prototype.

4.2. Four views for comparing the road
construction process options
We created the following four views, which show increasing levels of detail to the decision-makers:
• Dashboard (summary)
• Time breakdown
• Proportional breakdown
• Time and indicator breakdown.
The dashboard is a summary view from the perspective of each actor. This is a summary of what is
important to them, and so a starting point for discussion. Under the heading of each value, names of related indicators are listed. The symbol in the box next
to each name indicates a change in the desired direction (‘+’) or the undesired direction (‘-’) with respect
to a move from the current construction process to active design. There are also symbols next to the value
titles. These symbols represent a compilation of the
related indicators, where ‘+’ shows that all related indicators are ‘+’, ‘-’ shows that all related indicators are
‘-’ and ‘+/-’ shows that the related indicators are a mixture of ‘+’ and ‘-’. This middle, ‘+/-’, state is required
because many indicators cannot be summed together
into another indicator (for example, emissions cannot
be summed with uncertainty), but it is possible to use
the symbols to communicate whether all the indicators
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show a change in a particular direction (that is, it is all
good news, all bad news, or something in between). In
a similar way, the symbols next to the actor name show
a compilation of the values for that particular actor. An
example dashboard (simplified for this paper) is shown
in figure 3.

Figure 3 Simplified dashboard view for society: changes
in the desired or undesired direction of the
indicators that are related to what society values being more sustainable. The two columns of
indicators are for the two types of active design.

On some dashboards, an indirect value is included. A
value is indirect when an actor values what another
actor perceives or experiences. For example, if all of
Trafikverket’s indicators are ‘+’, then the symbol for
the road users’ indirect value constant or lower taxes
would also be ‘+’. (The setup of indirect values is relevant to the current arrangement of value actors. This
could change in the future through changes in the value
flow between actors.)
The time breakdown view provides more detail
for the indicators shown on the dashboard. An example
(simplified for this paper) is shown in figure 4. This
view shows whether the change for an indicator is in
the desired or undesired direction for each construction process step. A user can thus see when initial investment (of, for example, materials, energy or money)
pays off in the repair steps. Note that the ‘+’/‘-’ shows
only a change the desired/undesired direction for that
specific indicator and for that specific step and does
not show the magnitude of the change. Therefore, a
‘+’ does not automatically cancel a ‘-’. This view is
designed to help users to start to understand why an
indicator on the dashboard is ‘+’ or ‘-’.
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Figure 4 Simplified time breakdown view: example
indicators broken down over example steps.

The proportional breakdown view provides yet
more detail. An example (simplified for this paper) is
shown in figure 5. Whereas the time breakdown view
showed whether or not the contribution from each construction process step was in the desired direction, this
view shows the proportional contribution of each step,
that is, this view shows the magnitude of each ‘+’ or
‘-’ in the time breakdown view. For example, from
figure 5, a user could understand that figure 4 showed
non-renewable fuel as ‘-’ for only one step (redoing
the subgrade) and yet had a ‘-’ total because the additional non-renewable fuel used in redoing the subgrade
is larger than the sum of all the reductions achieved in
the other steps (∼ −60% versus ∼ +40%). This view
can help users to further understand and support discussions of the trade-offs (within indicators) between
different steps of the process.
The time and indicator breakdown view
provides more detail on the indicators. It is similar to
the time breakdown view, but here the indicators are
also broken down into their component indicators. For
example, this view shows the different cost indicators
that are summed to give whole life cost. This view thus
helps users to further understand why the dashboard
view indicates that they get higher or lower value from
the proposed change.

Figure 5 Simplified proportional breakdown view:
proportional contribution of each step to the total
for an example indicator.

4.3. Using the prototype
The result of the case study was the above described
prototype decision support tool. This prototype has
since been used by Atlas Copco to facilitate internal
explorations and for supporting a meeting with their
customers’ customer (in Sweden), Trafikverket. They
were able to explore and discover, for example, that in
a case where little of the initial subgrade is weaker than
desired, both types of active design deliver more value
than the current construction process, whereas in the
case where a large proportion of the initial subgrade is
weaker than desired, the type of active design where
the subgrade is re-done is less sustainable and causes
more disruption to the road user, but is still more valuable in all other ways. More importantly, Atlas Copco
saw the explicit trade-offs and how design choices were
related to values (through the modelled relationships)
and were able to use that in their discussions.
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5. EVALUATION RESULTS AND
SUGGESTIONS FOR IMPROVEMENT
We learnt that our method is highly usable in some regards and not so usable in others. From applying the
method on the active design decision, we found evidence that it was straightforward to follow the steps and
the general approach. For example, one stakeholder
in the case study said “the systematic and comparative approach is pragmatic”. However, we also experienced that it could be difficult to get data and understand the relationships for less tangible aspects. Indeed, the main negative feedback on our prototype
tool was that the inputs were too complicated. Despite these difficulties with complicated data sets and
relationships, we believe that, through trying to find
this data and define relationships based on what actors
value, decision-makers could develop a deeper understanding of the less tangible aspects of the system(s)
surrounding their concept selection. For example, they
might gain a deeper understanding of risks and sustainability considerations. We think that this deeper understanding, even if the model is not ‘complete’, would
support improved decision-making.
Regarding applicability, we found indications that our
method helps users to do what we think will help them
to improve their decision-making with respect to sustainability and other things that they value. In the case
study, the method did help us to compare alternatives
and it helped us to compare with respect to sustainability, safety and whole life cost, for example. The
method urged us to consider the sustainability aspects
alongside the other factors, including encouraging us
to display the indicators side-by-side. One stakeholder
from the case study said that the way the results were
displayed in the prototype tool allows users to make
their own assessment of what an indicator means to
them and how they value the indicator result in comparison to the other indicators.
In feedback, case study stakeholders emphasised that
they think our method supports improved decisionmaking with respect to sustainability because the
method helps decision-makers to highlight more than
just economic benefits and to “get all stakeholders in
the spotlight”. After testing with the case study, we
believe it is useful that the method works at a general
enough level to be adapted to an organisation’s cultural
and operational needs. However, this means that users
always have to put in effort to reach tangible and functional results for a specific concept selection.
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6. DISCUSSION AND CONCLUSION
6.1. A promising method that addresses
the research aim
In line with our research aim, we developed a method
that centres on what is valued by decision-makers and
other value network actors. We believe this method
could support decision-makers who are selecting concepts to consider sustainability alongside other factors,
which is also in line with our aim. The method
provides this support by asking decision-makers to:
• compare alternatives,
• develop indicators that are both based on what
value network actors value and relate the differences between the alternatives to what the actors
value, and
• incorporate global society as an actor who values
more sustainable development.
By comparing alternatives, rather than considering a
concept in isolation, we aim to persuade decisionmakers to reduce the scope of their decision to only
what differs between the alternatives and to avoid some
of their bias for the information they consider first. By
developing indicators based on what they and other actors value, rather than choosing from a (very long) list
of existing indicators, we want decision-makers to create indicators that are relevant to them and their particular decision, thus limiting the set of indicators to
include only what is important to these value network
actors. By incorporating ‘more sustainable’ as a value,
we seek to encourage decision-makers to consider sustainability in the same way as the (other) things that
they value. We wish to encourage decision-makers to
do the above so that what they consider is reduced
to only what is relevant to this decision and so that
sustainability is included alongside other things that
are valued. We hope that the decision-makers will
therefore begin to understand and face any trade-offs
between all the things that value network actors value,
including having a better (or less bad) impact on (the
sustaining of) global society.
The method supports decision-makers to compare the
alternatives and therefore make trade-offs and ultimately decide; the method does not make the decision
for the decision-makers. This is in-line with the use
of modelling in structured decision-making to provide
insights, not answers [2, pg. 23–24]. Modelling encourages explicit definition of relationships between
values and consequences and including interdependencies. It enables peer review and another opportunity for
insights into consequences. [7]
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We designed the method based on literature. Furthermore, we consider that our case study results show
promise that the method might prove useful.

6.2. A single, limited case study
We are the only ones who have tested the method, and
we have only tested it in one case study. In addition, we did not support the case study decision-makers
throughout their decision-making process, as we suggest in the method. Instead we performed the steps,
using information solicited from two value network
actors, Trafikverket and Atlas Copco. Even though
Trafikverket have the most power in this decision, Atlas Copco were most involved in our study. However,
although we did not complete all the steps with all the
decision-makers and had only a little contact with the
most powerful decision-maker, this is a real decision
and Atlas Copco wanted us to focus on this decision
because they want to understand the decision, from a
sustainability perspective and from other perspectives,
and to be able to discuss it with Trafikverket.

6.3. A study generally consistent with
others
We considered a decision in line with Payne et al.’s
three basic components [3, ch. 2]: the alternatives (our
step 1), relating actions to outcomes (step 5) and the
values associated with the outcomes (steps 3-6). In
addition, the way that we identify actors and what
they value has parallels to Peppard and Rylander’s approach [23] when analysing value networks. Our work
is also aligned with Zhang et al.’s work [25] on adding
a value-focused perspective to requirements engineering. However, Zhang et al. focus more on analysis
and not so much on the decision-making process, and
do not explicitly address sustainability. We think that
there is a lot of potential for combining our and their
approaches, but unfortunately only became aware of
their work after we had finished our study.
Hallstedt et al. [26] also consider both value and sustainability within the context of product development.
We are consistent with their use of modelling, even in
early phase decisions, to encourage decision-makers to
explicitly state assumptions. However, our method is
not consistent with how they assess value and sustainability consequences. They do not consider sustainability alongside the other values, but separately. Our and
their methods probably differ due to different purposes.
Our method makes users break down their complex
decision into more manageable steps and encourages

them to use particular techniques to help mitigate their
bias, and thus is in line with Arvai et al.’s suggestions for sustainability decisions [5]. However, our
method differs from their proposal to identify values
before identifying alternatives. Identifying values before identifying alternatives is an approach also supported by value-focused thinking [7]. We chose instead to
introduce alternatives before values because decisionmakers may find it difficult to identify value network
actors if there are no concepts. However, we do encourage users to iterate between the steps, including
defining the alternatives and identifying values.

6.4. Conclusion: A promising approach
Integrating sustainability considerations into decisionmaking by focusing on what is valued is the novel aspect of the approach we present in this paper. In order
to compare concepts, decision-makers use what is valued, by decision-makers and by those impacted by the
decision, to develop indicators. Our approach includes
incorporating sustainability considerations alongside
other factors by framing sustainability as being what
society values. We undertook a case study based on
a national road authority’s decision of whether or not
to pursue active design in road construction, and with
significant input from a major industrial partner specialising in road construction technology. Our testing in this case study demonstrates the potential of the
proposed approach to support decision-makers aiming
to select concepts that are both more sustainable and
more competitive. Additional research and application
of this approach will be helpful in refining it further.

ACKNOWLEDGMENT
We are grateful to our funders - the Swedish Knowledge Foundation and Blekinge Institute of Technology
- and project partners. In particular, we would like to
thank Atlas Copco for their involvement.

REFERENCES
[1] (2007), The public procurement act (in Swedish)
LOU - SFS 2007:1091.
[2] Gregory, R., Failing, L., Harstone, M., Long, G.,
McDaniels, T., and Ohlson, D. (2012) Structured
Decision Making: A practical guide to environmental management choices. Wiley-Blackwell.
[3] Payne, J. W., Bettman, J. R., and Johnson, E. J.
(1993) The adaptive decision maker. Cambridge
University Press.

COMPARING CONCEPTS WITH RESPECT TO SUSTAINABILITY AND OTHER VALUES

671

[4] Slovic, P. (1995) The construction of preference.
American psychologist, 50, 364.
[5] Arvai, J., Campbell-Arvai, V., and Steel, P.
(2012), Decision-making for sustainability: A
systematic review of the body of knowledge.
http://nbs.net/knowledge/business-case/decisionmaking/systematic-review/.
[6] Bohnenblust, H. and Slovic, P. (1998) Integrating
technical analysis and public values in risk-based
decision making. Reliability Engineering & System Safety, 59, 151–159.
[7] Keeney, R. L. (1992) Value focused thinking: A
path to creative decision making. Harvard University Press, Cambridge, MA.
[8] Arvai, J. L., Gregory, R., and McDaniels, T. L.
(2001) Testing a structured decision approach:
Value-focused thinking for deliberative risk communication. Risk Analysis, 21, 1065–1076.
[9] Lindstedt, P. and Burenius, J. (2003) The value
model: How to master product development and
create unrivalled customer value. Nimba.
[10] Collopy, P. D. and Hollingsworth, P. M. (2011)
Value-driven design. Journal of Aircraft, 48, 749–
759.
[11] Richardson, G., Penn, J., and Collopy, P. (2010)
Value-centric analysis and value-centric design.
AIAA SPACE Conference and Exposition.
[12] Blessing, L. T. and Chakrabarti, A. (2009) DRM,
a design research methodology. Springer.
[13] Yin, R. K. (2009) Case study research: Design
and methods, vol. 5. Sage.
[14] Karlsson, A.-B. (2013), More effective ground
construction: Suggestions for the action plan
2013-2016. Published online, author’s translation
of title.
[15] Hsee, C. K. (1996) The evaluability hypothesis:
An explanation for preference reversals between
joint and separate evaluations of alternatives. Organizational Behavior and Human Decision Processes, 67, 247–257.
[16] Arvai, J. and Gregory, R. (2003) Testing alternative decision approaches for identifying cleanup
priorities at contaminated sites. Environmental
Science & Technology, 37, 1469–1476.

672
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ABSTRACT
Analysing product concepts with respect to social sustainability is a contemporary challenge for
which there is little support available for product developers. Our aim was to develop support to
help product developers with this challenge and to initially evaluate it in a test case. We designed a
first prototype of support for analysing product concepts with respect to social sustainability, which
instructs users to take a modelling approach and to select from existing databases and indicators
according to their relevance to scientific principles for social sustainability. We then performed initial
evaluation of the support, through which we learnt that the approach may make it possible for
product developers to analyse concepts, but the level of accuracy of analysis that is possible is not
good enough for comparing the concepts in the case study decision. We discuss the implications of
these challenges and suggest that it would be better to re‐design our approach in order to provide
learningful support for product developers and support for other decision‐making in the company,
including providing cross‐functional support.

HIGHLIGHTS




Could not accurately assess social sustainability of far‐removed lifecycle activities
Learningful support perhaps more relevant than concept analysis support
Actively engaging supply chain likely more useful than comparing concepts

KEYWORDS
Social sustainability; sustainable product development; concept comparison; concept analysis
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1 INTRODUCTION: THE NEED FOR SUPPORT
In an MIT Sloan Management and Boston Consulting Group survey, nearly 90% of the 1,847
executives surveyed claimed that a sustainability‐oriented strategy is essential to long‐term
competitiveness but that they were finding it challenging to integrate sustainability into their
decision‐making (Kiron et al. 2013). One critical and common form of decision‐making is product
concept selection (Krishnan and Ulrich 2001). Selecting concepts occurs in the early phases of
product development, when design freedom is high (Ullman 2003) and when there is greater
potential to reduce negative sustainability impacts (Bhamra et al. 1999). A product concept is an
idea of a technical solution and associated features, working principles, attributes and customer
benefits (Ulrich and Eppinger 2012). When selecting concepts, product developers want to choose a
good enough concept, or potentially the best concept (Ullman 2003). This should be done such that
the selected concept is compatible enough, within its subsystems and with other systems, to be
detailed in the subsequent product design phase (Kihlander and Ritzén 2012) and such that the
product design phase can be realistically undertaken (Ullman 2003). Selecting concepts involves
making trade‐offs between various attributes of the concepts (Ulrich and Eppinger 2012), for
example, trading between initial cost, long‐term brand image, functional performance and usage
cost.
In this paper, we present research based on a case company that was interested in understanding
how they could analyse product concepts with respect to social sustainability. They ultimately
wanted to use this analysis to inform their concept selection decision‐making; that is, to include
social sustainability as an attribute when making trade‐offs.
Analysing concepts with respect to social sustainability, in order to inform concept selection trade‐
offs, is a contemporary challenge. One approach to analysing and comparing concepts with respect
to environmental sustainability is lifecycle assessment, which aims to provide increased
sustainability knowledge along the whole supply chain, from extraction of raw material to end of life
and subsequently inform more comprehensive decision‐making.
Since the early 2000s, interest has increased in including social aspects alongside environmental
aspects in the lifecycle assessment of products (Jørgensen et al. 2008). Several different approaches
have been developed under the umbrella of the so‐called Social Lifecycle Assessment (SLCA); for
example, UNEP/SETAC Life Cycle Initiative’s1 'Guidelines for Social Life Cycle Assessment of Products'
(Benoit & Mazijn 2009). The main goals for SLCA include comparison between products (Jørgensen
et al. 2008). However, an extensive literature review on social lifecycle assessment approaches
conducted by PROSUITE (Dreyer et al. 2010) points to a lack of a common framework for SLCA
methodologies for laying down the principles for how to select impact categories, collect data,
assess impact and interpret results. Currently, the assessment is mostly guided by impact categories
chosen according to agreements and best practices at the international level (Benoît et al. 2010). In
fact, the majority of social assessment tools and social guidelines available today, including Social
Life Cycle Assessment methods, rely on goals that are set by what is currently known and
acceptable, meaning that they are defined by the expectations of society (and its different
stakeholder groups) at a particular time, with no guarantee that the expectations are in any way

1

A joint organisation of the United Nations Environment Programme and the Society of
Environmental Toxicology and Chemistry
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aligned with what is needed for sustainability (Missimer et al. 2014b, 2015). So, although there is
ongoing work looking into how to compare products with respect to social sustainability, this work is
not based on a robust, scientific understanding of the systems we depend on for our sustained
survival, and does not use sustainability goals that are derived from this understanding.
The social dimension of sustainability has been generally acknowledged to be neglected (Littig and
Griessler 2005, Partridge 2005, Kunz 2006, Cuthill 2010, Dempsey et al. 2011, Vallance 2011) with a
relatively limited literature (Colantonio et al. 2009, Dempsey et al. 2011, Adams et al. 2011), a lack of
a clear theoretical concept (Littig and Griessler 2005, Dempsey et al. 2011), a lack of clear
understanding of the meaning and interpretation (Weingaerter and Moberg 2011) and a lack of clear
indicators that help distinguish socially sustainable from socially un‐sustainable development
(Omann and Spangenberg 2002). Based on this assessment, one of the authors has recently focused
on deriving a clearer and more concrete approach to social sustainability using the Framework for
Strategic Sustainable Development (Missimer et al. 2010, 2015). The approach includes a definition
of social sustainability in the form of a set of five principles. While these new principles have been
used with preliminary results in strategic planning (Missimer et al. 2014a) and the ecological
principles and earlier social sustainability principle of the same framework have been used in this
way for over a decade (Ny 2009), the new social principles had not yet been applied in the product
development and concept selection decision realm (to the best of our knowledge). However, due to
the long track record of the successful use of this framework in product development, the recent
improvements in the social dimension and the advantages this approach brings with it (based on a
systems and scientific understanding of both social and ecological sustainability) it was apt to use
this approach as the base of this work.

1.1 AIMING TO DEVELOP SUPPORT
Given the need of product developers at the case company and that the sustainable product
development field generally lacks advice for how to analyse product concepts with respect to social
sustainability, we aimed to investigate how to support them to do this analysis. Specifically, the case
study product developers’ aim was to analyse two aerospace engine components, and they
expressed a preference to do this numerically.
Our goal was to investigate how to develop an early version of concrete, usable support that the
case product developers could employ and test. Our aim with this paper is to share the learning that
we gained through pursuing this aim.

2 RESEARCH APPROACH
In order to meet the above goal of developing support, we employed a prototyping approach.
Prototyping involved undertaking two types of task – designing and testing. In line with a
prototyping approach (Kelley 2001), we iterated between these tasks in order to learn quickly and
early, and then to incorporate these learnings in the next design task. As we iterated, we reflected
on what we were doing, how well it was working and whether it seemed like it would be relevant
and usable by product developers for the case decision.
Blessing and Chakrabarti (2009) suggest using modelling for gaining initial understanding of the
applicability and suitability of the proposed support. Therefore, for the testing tasks, we used the
support on an example case with researchers playing the role of product developers. As an example
case decision, the case company provided a past selection decision between two concepts that differ
only in material (and consequential attributes, such as thickness and manufacturing processes). In
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line with Blessing and Chakrabarti, the purpose of evaluating in this was to gain initial learnings
about potential and issues without using actual product developers’ time for testing it. We shared
our results and experiences with the case company representatives and gathered feedback.

3 DESIGNING THE SUPPORT BASED ON THE LITERATURE
As per the prescriptive study of design research methodology, we combined state of the art
literature from relevant disciplines to design the support as follows.

3.1 DESIGNING SUPPORT FOR A LIFECYCLE PERSPECTIVE
In line with standard practice in sustainable product development (Boks and Stevels 2007, Bovea and
Pérez‐Belis 2012), we consider it important to take a lifecycle perspective2. The aim is to consider the
lifecycle as a system and not to make decisions based on only an unjustified subset of the system.
This means identifying all the lifecycle activities from extracting the raw material, to dealing with the
product after it has been used (end‐of‐life activities). Our support therefore asks product developers
to identify lifecycle activities and to seek to cover the whole of the product’s life.

3.2 DESIGNING SUPPORT THAT USES A SCIENCE‐BASED DEFINITION OF SOCIAL SUSTAINABILITY
The next step was to develop the support such that the analysis is based on social sustainability
principles. Analysing lifecycle activities with respect to sustainability aspects is in line with lifecycle
analysis/assessment as defined by ISO 14040 (2006). Furthermore, analysing lifecycle activities with
respect to sustainability principles from the framework for strategic sustainable development is in
line with the analysis component of Ny et al.’s (2006) approach for strategic lifecycle management.
As mentioned above, recent work of one of the authors has focused on deriving a clearer and more
concrete approach to social sustainability for the Framework for Strategic Sustainable Development
(Missimer et al. 2010, 2015). The social sustainability principles read:
In a socially sustainable society, people are not subject to structural obstacles to …
1. …health.
2. …influence.
3. …competence.
4. …impartiality.
5. …meaning‐making.
Structural obstacles refer to social constructions ‐ political, economic and cultural ‐ which are firmly
established in society and upheld by those with power. Due to various kinds of dependencies and
other factors, such obstacles are difficult or impossible to overcome or avoid for those affected by
them.
The need to analyse each lifecycle activity with respect to each of the five principles can be
represented by the cells in Table 1, with each cell in the table representing analysis of a particular
activity against a particular principle. For example, the top‐left cell in the table represents analysis of
the extracting and processing of raw material for contributions to structural obstacles to health.

2

Taking a lifecycle perspective involves considering the activities for creating, using and managing
end‐of‐life, what Cao and Folan (2012) call ‘engineering product lifecycle’.
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Table 1 ‐ The cells of the table can represent the analyses required ‐ that is the need to analyse across the whole lifecycle,
with respect to all of the social sustainability principles.

Contributions
to structural
obstacles to…

End‐of‐life

…..

……

…..

Extracting &
processing
raw material

Lifecycle activities

…health
…influence
…competence
…impartiality
…meaning‐making

3.3 DESIGNING SUPPORT THAT IS SUFFICIENT, & NOT UNNECESSARILY TIME‐CONSUMING
In the above mentioned survey by Kiron et al. (2013), many executives expressed the challenge of
other priorities competing for resources with sustainability‐orientated tasks. Selecting concepts is a
challenging form of decision‐making due to the low level of knowledge about the design problem
(see Ullman’s ‘design process paradox’ (Ullman 2003)). It is also difficult to know how much
information is needed to avoid major re‐work later (Kihlander and Ritzén 2012) and time pressure is
often a challenge. Since selecting concepts is a task that is already time‐pressed, we considered it
important to aim for support that uses minimal time (and other resources) while still providing good
coverage.
In order to address these challenges and because the analyses inform a comparison, we decided that
concept selectors only need to analyse that which differs between the concepts being compared.
Therefore our support urges product developers to consider: Which analyses need be performed in
order to compare the two concepts across the whole lifecycle? The product developers can then
identify which analyses can be excluded.

3.4 DESIGNING SUPPORT TO IDENTIFY WAYS TO PERFORM THE ANALYSES
The previous aspects of the support help product developers to be (resource) efficient while being
effective by covering the minimum needed to be holistic for the particular decision being
considered. Our aim was that it would be as efficient and straightforward for them to perform the
selected analyses.
For the early supply chain activities (for example, extracting and processing raw material), it is
difficult to identify ways to analyse the activities because product developers generally know very
little about how these activities are performed. For example, companies tend not to know where the
particular molecules that they use were extracted, by whom and under what social conditions. We
therefore sought ways to model the system in order to achieve approximates for the results.
In order to approximate the analysis of the activity ‘extracting raw materials’, we suggest that
product developers first identify the raw materials that are extracted and then identify the likely
locations where these materials were extracted. The product developers then have a model of
locations of extraction, and so they can use a selection of social sustainability indicators to assess the
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countries in this model. This only gives an estimate of the risk of being socially unsustainable
because it is based on the probability that each mineral is extracted in each country and that the
activities are being done with the level of social sustainability that matches the level reported for the
country. However, given the current state of affairs this might be the product developers´ best
chance.

4 RESULTING SUPPORT
From the above aspects, we derived the following steps for product developers to follow:
1. Identify lifecycle activities for the product concepts that you want to compare. Make sure
that you cover the whole lifecycle, from the creation or extraction of the raw materials to
the disposal. You may want to create a table and add these activities as the column headings
(like Table 1).
2. For each lifecycle activity for each principle (for each cell in the table), identify where social
conditions are identical for all product concepts being compared. Exclude those analyses
where you know that there is no difference between the concepts in terms of their social
sustainability attributes.
3. Identify and use tools, methods and approaches to perform the needed analyses. For the
early lifecycle phases, you can use databases to model probable countries and then identify
social sustainability indicators that give scores for those countries.
4. Perform analyses.

5 CASE STUDY TESTING
Now that we had the above 4‐step approach, we tested applying it on the case study decision.
Specifically, we performed the above four steps in order to analyse two engine components.

5.1 STEP 1: IDENTIFYING LIFECYCLE ACTIVITIES
Together with the case company, we identified the lifecycle activities as: extracting raw material,
processing raw material, producing the alloy, casting components, processing the components
(multiple activities), recycling scrap, bolting concept into engine, assembling aeroplane, end‐of‐life
activities, and transport between each of these activities. See row 2 in Table 2.

5.2 STEP 2: IDENTIFYING WHICH ANALYSES ARE REQUIRED
The social conditions were identified as being identical for the grey parts of Table 2. The empty
white cells therefore show where analyses are needed.

5.3 STEP 3: FINDING WAYS TO PERFORM ANALYSES
In line with step 3, we sought ways to model the system and to perform each of the identified
analyses of the system. Specifically, looking into the lifecycle activity ‘extracting raw materials’.
5.3.1 Identifying minerals
We first identified the elements used in the two alloys being compared, including the percentage
composition (using aksteel.com and suppliersonline.com). Similarly, we looked up in what form they
are extracted. For example, aluminium is extracted as bauxite.
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5.3.2 Identifying extraction countries
Next, we used the World Mineral Statistics dataset (Minerals UK 2014) to identify the top producing
countries for each mineral, in order to build a model of where the minerals were extracted. We
chose to use this dataset after searching for options and identifying this one as being comprehensive
for the minerals we were interested in. Also, a number of other databases were based on this
dataset. In particular, we identified the top producing countries that together produce 50% of the
world’s production of that mineral/ore. We looked in the data set for the producing countries, listed
these countries in order of contribution to global production and then noted down those that
contributed to the ‘top’ 50%. We then scaled these top producers to give % of contribution to the
50% produced by top producing countries.
We share an example for bauxite in Table 3. Australia, China and Brazil were the biggest producers in
2012, contributing respectively 31%, 16% and 14% of global production (Minerals UK 2014).
Together these add up to more than 50% and therefore Brazil’s contribution is truncated before
scaling to give a %. Specifically, Australia and China’s contributions add to give 47% and so only 3% of
the 14% that is Brazil’s contribution is needed to total 50%.
Table 2 – Justification for excluding analyses based on social conditions being identical for both concepts across various
lifecycle activities. Activities are grouped where they share justification, not because they should be analysed as a group.

Assembling
engine
aeroplane

Other

Exclude: The social sustainability performance of assembling the
engine & aeroplane does differ across the two concepts.

Exclude: Further research required on the transport, end‐of‐life
and scrap recycling activities before analysis can be performed. (If
information cannot be found, an idea is to analyse various
scenarios for these activities.)

&
Processing
components
(on own sites)
Exclude: Since all activities are done within the
same company & on the same site, perhaps even by
the same people (independent of concept
selected), then it is only health & safety conditions
(b) associated with the processes that might
change. Therefore, it is only health & safety
conditions that need to be compared for the
manufacturing processes.

Casting
components (at
first supplier)

Extracting
&
processing raw
material,
&
producing alloy

Lifecycle activities

…influence

…competence

…impartiality

…meaning‐
making

Exclude: Assuming the same supplier casts the alloy
for both concepts, the only difference between the
concepts is the different health & safety conditions
(health) associated with the casting of different
material.

Contributions to structural obstacles to…

…health
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Table 3 – Example extracting countries: The countries that together produced the top 50% of bauxite, and their %
contributions.

Country
Australia
China
Brazil

Metric tonnes
produced in 2012
(Minerals UK 2014)

% of global production
in 2012

76282000
40000000
34955800

Contribution to 50% of
top producing countries

31%
16%
14%

61%
32%
6%

Some other supply risk indicators, such as the British Geological Survey’s Risk List (British Geological
Survey 2012), use only the top producing country (from the same data set). Since there is wide
variation in how much the top producer actually produces – for example, from Canada being top
producer of titanium minerals with 18% of global production to Brazil being top producer of
tantalum and niobium minerals with 95% ‐ this would cause a huge variation in the numerical
representation of risk. We therefore considered it more reasonable to create a model by choosing a
percentage and truncating contributions where appropriate so that we could use numerical
operators without skewing the data. We chose the specific percentage of 50% because it seemed a
large enough proportion without giving too many countries to analyse for each element.
5.3.3 Identifying social sustainability indicators
The next step was to identify indicators to be used to assess the countries in the above model (to
analyse each empty cell in the third column of Table 2). Since the social sustainability principles
introduced in section 3.2 do not have a corresponding set of indicators, we used these science‐based
principles to guide us in selecting relevant existing indicators. In our initial search for indicators of
social sustainability for a country (or element), we identified the following list. Some of these are
connected, using data or indicators from each other.








Social hotspots database (SHDB)
Social progress index
Sustainable society index
Human development index and Inequality‐adjusted human development index
Good country index
World Bank’s worldwide governance indicators
British Geological Survey’s risk list

We considered each of the above indicators for how they would help us analyse countries with
respect to each social sustainability principle. For the SHDB, which has several layers – a total score,
categories, themes and indicators – we mapped each theme against the sustainability principles in
order to understand how well the database could help us with the required analyses. Under option 1
in Table 4, you can see how we mapped the themes from the SHDB against the social sustainability
principles. We also used experience from other projects and knowledge of social issues to try to
identify the gap between what the database covers and covering the ‘whole’ of the principle. For
example, for impartiality, the indicators do not cover all forms of discrimination, nor income
inequality.
Since the SHDB’s indicators provided good coverage of the principles, and was designed to offer the
information necessary to conduct a generic SLCA (Norris, Norris and Aulisio 2014), we used these
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indicators as base. The SHDB indicates social sustainability results for a given industrial sector in a
given country. For example, we used ‘ferrous metals’ and ‘metals’ as the industrial sectors for each
of the countries in the model.
We then focused on the gap between what is need to cover all the principles and what the SHDB
covers, and sought other indicators to see if they could fill in the gaps. The social progress index
(Social Progress Imperative 2014) had the second broadest coverage of our needs, and so we
focused on it next. We selected those indicators that were relevant in order to fill in the gaps, as
shown in option 1 in Table 4. Note that, as appropriate, we used either a whole component (for
example, ‘access to basic knowledge’) or selected indicators within a component (for example,
‘years of tertiary schooling’).
After selecting indicators from the SHDB and the social progress index, we still had a gap under the
principle of impartiality. We needed an indicator to help us understand inequality of income in a
given country. We identified two candidate indicators ‐ the sustainable society index’s (2012)
indicator for income distribution and the human development index’s (UNDP n.d.) indicator for
inequality in income. The human development index’s indicator had missing data for one of the
countries that we needed and so we chose to use the sustainable society index’s indicator. Note that
we could not find a suitable indicator for meaning‐making.
Now we had a set of indicators that we could use to help us understand the potential social
conditions in the identified countries. However, we found that it was hard work to navigate the
SHDB and extract the values for each country at this level of detail. Therefore, we opted to also
explore easier options and developed two more options that were based on the first option in Table
4.
By using the total score from the SHDB, instead of individual themes, a user would cut down their
work time significantly. However, using the total score means that the user cannot generate a score
for each principle. In this option (option 2), the results are therefore displayed qualitatively and can
only be summarised (in total) if they all point in the same direction. Another challenge with this
option is that the theme High conflict zones is automatically included, yet we had decided to exclude
this theme when doing our mapping against the principles.
Although option 2 is designed to be easier to use than option 1, it has the disadvantage of the user
not being able to generate a total score for the concept. We therefore also designed another option
– option 3 – to be an easier version that provides a numerical sum. To do this, we simplified the
mapping to use the SHDB against only impartiality and health. One disadvantage with this option is
that we needed to drop the income distribution indicator. Another disadvantage is that the themes
that were mapped to influence are now included under impartiality and health, due to the simplified
mapping. So, although this option gives a numerical sum, it already has a number of inaccuracies in
its design. In Table 4, we visualise the three options.
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impartiality

health

competence influence

Option 1

TOTAL

meaning‐making no indicators identified

Access to info & communications
Years of tertiary schooling
No. globally ranked universities

Access to basic knowledge

Freedom of speech

Corruption
Legal System
Gender Equity
Indigenous Rights
Wage Assessment
Poverty
Forced Labour
Child Labour
Working Time
Occupation Injuries &Deaths
Occupation Injuries & Hazards
Access to Improved Drinking Water
Access to Improved Sanitation
Access to Hospital beds
Human Health Non‐communicable
diseases and other health risks
Human Health Communicable
diseases
Freedom of Association, Collective
Bargaining and Right to Strike

Migrant Workers

Option 2
impartiality
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TOTAL

meaning‐making no indicators identified

Access to info & communicat_ns
Years of tertiary schooling
No. globally ranked universities

Access to basic knowledge

Freedom of speech

(total score)

Social hotspots database

Income distribution

Social progress index

Income distribution

Social hotspots database

Social progress
index

health

Access to info & communicat_ns
Years of tertiary schooling
No. globally ranked universities

Access to basic knowledge

Freedom of speech

(total score)

Social hotspots database

Option 3

TOTAL

meaning‐making no indicators identified

competence influence

health
competence influence

impartiality

Table 4 – Three options for using the identified indicators, in order of increasing detail. Indicators mapped against principles (given on left).

Social progress index

In order to be able to summarise a score for each indicator and a total score (for options 1 and 3),
we needed a way to total the individual indicators for each country to give a score for each alloy. For
each element, we summed the product of the indicators scores for each country with the
percentage contribution of each country to 50% of the top producing countries. And then, we
summed the product of the element scores with the percentage composition contribution for each
element, to give a score for the (extracting materials lifecycle activity for the) concept for that
particular indicator, as outlined in Equation 1.
Equation 1

%

⋅

%

⋅

50%

In Table 5, we share an example calculation. The concept is made of steel 17‐4PH, of which the main
component is iron. The top producing countries are China and Australia, which produce 88% and
12%, respectively, of the top 50%. These two countries scored 4,2 and 4,4, respectively, on the
indicator for income distribution (Sustainable society index 2012). The score for the element iron is
therefore (the product of the two dashed rectangles in Table 5):
⋅

50%

%

4,2 ∙ 88%

4,4 ∙ 12%

4,2

This score for iron (4,2) is now multiplied by the percentage contribution of iron to the alloy
(73,56%). The sum of such multiplications (illustrated as the product of both dotted rectangles in
Table 5) for all of the elements gives the score for the alloy (3,7).
The next step (for options 1 and 3) was to weight the indicators relative to each other in order to
give a total concept score for each principle. Similarly, we needed to weight the principles relative to
each other in order to sum across all principles. We weighted the principles equally since they are of
equal importance for achieving a sustainable social system. We also decided to equally weight the
indicators within each principle, and we did this at the indicator level rather than at the theme /
component level.
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1,0

3,2

0% 88%

0%

0%

0%

0%

0%

0%

0,07%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Manganese

1,00%

1%

0%

0% 62%

0%

0%

0%

0%

0% 37%

Phosphorus

0,04%

0%

0%

0% 89%

0%

0%

0%

0%

0%

Sulphur

0,03%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0% 3,0
0% 11% 4,1
0% 0% ‐

Silicon

1,00%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

16,00%

0%

0%

0%

0%

0% 12%

0%

0%

0% 88%

0%

0% 27%

Chromium
Nickel

4,00% 11%

0%

Copper, Cu

4,00%

0%

0% 65% 16%

Columbium
& Tantalum

0,30%

0%

0%

0%

0% 34% 28%

0% 20%

0%

0%

USA

0%

Carbon, C

Chile

% composition
73,56% 12%
Iron, Fe

South Africa

4,2

Russia

3,8
Philippines

1,2

Peru

8,0
Kazakhstan

6,3

Score for alloy

4,2

Indonesia

1,0

China

1,0

Brazil

4,4
Australia

Concept using steel 17‐4PH

Sustainable society index's
indicator for income
distribution, 2012

Score for element

Table 5 ‐ Example calculation of the score for a concept. For the top producing countries of a given element, the percentage
of global production for each of those countries is multiplied by indicator score for that country. These products are
summed to give the ‘Score for element’. The sum of the product of each score for an element with the percentage
composition for that element gives the ‘Score for alloy’. (For the scores, a higher number means more equal income
distribution.)

0% 4,2
0% ‐

0%

0% ‐ 3,7
0% 1,9
0% 4,7

0%

0% 1,5

100
% 0% 0% 0% 0% 0% 0% 0% 0%
% of global production produced by given country

1,0
0%

5.4 STEP 4: PERFORMING ANALYSES
We tried each of the options shown in Table 4. The results are similar for each of the three options,
not unsurprisingly since the options vary only a little. According to the analysis, the extraction
activities for concept B have less social sustainability impacts than for concept A. However, concept
A extraction activities performed better according to some of the indicators. Please note that these
results have not been scaled for a functional unit and assume use of only virgin material.
Performing the analyses for options 2 and 3 was significantly easier than for option 1 since the
second and third options required significantly less digging through the social hotspot database. Our
experience was that the SHDB was challenging to use due to its default settings like reset time,
number of countries and sectors that can be compared along with other technical details.
While using the indicators and performing the analyses, we started to recognise the inaccuracy or
incomplete nature of many of them. Not only were we modelling the location, but also many
indicators had data missing for one or two of the countries or presented data in a way that was
difficult to accurately read.
In summary, although we identified three options for compiling the results from the indicators in
order to compare concepts for the materials extraction phase, none of these options were ideal. All
the indicators use incomplete and inaccurate data. Furthermore, we are only using the indicators to
help us analyse the likely (not the actual) places of extraction.
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6 DISCUSSION
Our aim was to develop support for product developers in the case study company to analyse two
concept options with respect to social sustainability in order to inform their concept selection
decision. This seems an apt question to explore as organizations and product developers continue to
ask for this kind of support. As a result of our iterative prototyping, we derived the approach
outlined in section 4. Through testing with the case study decision, we gained learnings from
feedback and our experience, we created some options for analysing the material extraction phase
for those particular components (see section 5.3.3 and Equation 1) and these options could be used
for other similar analysis. The learnings are:




The approach enables analysis, but is not accurate enough analysis for selecting concepts
The approach may be useful for other decision‐making
This sort of support may be useful if it can be turned into an instrument of learning

6.1 APPROACH

ENABLES ANALYSIS, BUT NOT ACCURATE ENOUGH ANALYSIS FOR SELECTING

CONCEPTS
One aim was to make the support usable3 to the product developer on the ground. Our experience
with the test case indicates that the developed support is indeed usable.
The bigger question is: Is the approach useful4 for analysing product concepts as regards social
sustainability. The straightforward answer is that it can be useful to identify potential contributions
and social sustainability challenges in the probable countries involved, and therefore could be useful
in the sense of raising awareness of these potential challenges. However, it is not particularly useful
for comparing two specific product concepts that do not differ significantly in design.
The main challenge remains in that companies very often do not know where their material (those
specific molecules) come from. For example, after being mined, the case company’s raw materials
are sent to be processed, potentially mixed with material from other sources, combined into an
alloy, and sold on the open market before being used to create components. These multiple steps
performed in multiple locations by multiple actors make traceability difficult, and the case company
did not know where their molecules were extracted. Improved traceability could therefore be a
potential enabler of better social sustainability analysis.
Given this situation we focused on ways to analyse the probability of contributing to un‐
sustainability. Of course, by its nature a model of reality is an approximation. Our support includes
the following approximations:


We created a probability model for the raw materials extraction countries. We used the
countries that together form the top 50% of production for a material and weighted them.
However, of course, in each instance of a material, the approximation provided by this
model of extraction location might not be true.

3

Usability describes “whether the support can be used for the task for which it is intended” (Blessing
and Chakrabarti 2009; pg 37, 38).
4
Usefulness describes the support’s “ability to realise the expected impact” (Blessing and
Chakrabarti 2009; pg 167).
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Since the location model gives the location in terms of country, we had to use social impact
data (indicators) at the country level (or sector level within the country, when available) to
give an approximation of the actual social impact. Of course, this representation is a gross
generalizations and possibly not every raw extraction company has these, often negative,
social impacts. For example, an extraction company may not engage in child labour
practices, despite being located in a country or sector where the risk of child labour is high.
So, although creating a model does enable analysis, the granularity of the model does not
allow us to know the actual child labour practices.
The SHDB indicators are themselves approximations, which are created by aggregating data
from multiple sources in the aim of assigning one number to set of inter‐related and
complex issues.

The approximations in our approach – modelling and use of indicators – enables analysis, but likely
results in large cumulative errors due to performing multiple numerical operations on data that is
quite a rough approximation. When we shared our prototype with representatives of the case
company, their project leader also brought up the concerns about gaining meaningful results from
applying these approximations.
This challenge could not be overcome by use of the social sustainability principles. An indicator set
for them has not yet been developed and the work was therefore reliant on other existing indicators
as laid out in this paper. Because the available indicators were not developed from a principled
definition of social sustainability, we were not able to assign comprehensive indicators to all five
principles. However, even if specific indicators (for these principles) did exist, the traceability issue
would remain. What this newly‐developed approach did provide, however, was a frame that allowed
us to know where the holes were and what exactly we would need to know. This is an important
aspect as it allows to remain with the bigger picture and avoid blind spots, rather than focusing on
what is known and doable but risk becoming irrelevant from a sustainability perspective.
Our conclusion is that this approach enables analysis (is usable), but the analysis is not accurate
enough to be useful for informing the current decision (between two closely related concepts). This
can lead to two possible further conclusions; (1.) this approach to analysis is not useful for selecting
concepts, but could, and we believe should, be considered elsewhere in the organisation’s decision‐
making, (2.) this sort of support can be useful for product developers if it can be turned into an
instrument of learning rather than a tool that delivers answers. We elaborate below.

6.2 APPROACH USEFUL FOR OTHER DECISION‐MAKING
In relation to (1.), a great challenge to manufacturing companies is that social impacts tend not to be
related to the nature of a specific product or production process, but are rather dependent of the
conduct of the company carrying out the process (Dreyer et al. 2006, Jørgensen 2013). Supply chains
can be quite complex and often global, resulting in organizations struggling with the challenge of
data availability. The unavailability or inaccuracy of data may mean that the only way to address
social sustainability in the supply chain is to be proactive and try to influence it, rather than trying to
measure and compare social impacts.
Proactively addressing social sustainability in the supply chain (and whole value chain) is, however,
not just about selecting concepts. This is something that needs to be decided at a governance level
of the organization and would be executed through cross‐functional collaboration (Petala et al.
2010). However, support for the governance level and cross‐functional teams falls outside the scope
of this paper.
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6.3 LEARNINGFUL SUPPORT FOR SELECTING CONCEPTS
This result does not mean that nothing should be done to help product developers selecting
concepts. We do not want people to draw the conclusion that working with social sustainability is
too difficult and translate that to ‘we will do nothing’ or ‘cannot do anything about it´. We believe it
is a good idea to create support for all activities. Questions about sustainability need to be asked in
all parts of the organization and an impetus for change can originate from anywhere (Grayson et al.
2011). Therefore we believe that it is important to still consider how to support product developers
and address the second point ‐ this sort of support can be useful if it can be turned into an
instrument of learning. The challenging nature of change is a barrier to eco‐design implementation
(Le Pochat et al. 2007) and therefore learningful support may be a critical enabler of eco‐design and
social product development implementation.
So, while the prototype has its limitations, it could be redesigned to help product developers to:




increase their general understanding of potential social sustainability issues, specifically in a
sector or specific country of operation;
think about externalities, potential unknowns and limitation of current approaches to
analysis;
see both the detailed, numerical magnitude of impact and the larger systems perspective
provided by the principles.

Literature shows that (numerical) modelling enables an opportunity for insights into consequences
(Keeney 1992) and that when making decisions in a complex (sustainability) context with multiple
stakeholders, modelling can be helpful to provide insights, but not answers (Gregory et al. 2012). It
seems that there is potential for using the support to be learningful in itself. Depending on when the
product developers use the support, the learning during the decision‐making may not have a great
impact on the current particular product development project. But at least the people and the
organisation can take the learning with them for future product development projects, contributing
not only to individual, but also organizational learning. In fact, taking a product lifecycle perspective
could help companies to visualise potential problems in their value chain that would not be seen
when taking a supply chain management approach that addresses only first and possibly second tier
suppliers. Any learning, however, requires that the decision‐makers themselves use the support and
not contract out the analysis.
The question then becomes about how we can develop support for analysing concepts that
contributes to product developers’ learning. This may include reconsidering earlier decisions about
the design of the support. For example, in Section 3.3, we stated that users only need to analyse the
aspects that differ between the concepts. We took this step in order to make the work more
manageable and the support more user‐friendly, and it made sense when comparing two concepts.
However, if the support is geared more towards learning than decision‐making (for the decision in
hand), this needs to be re‐evaluated. It is entirely possible that major impacts from a social
sustainability perspective occur in areas that were excluded when doing a comparison.
If considering repurposing the support to be learningful, it is important to reconsider within the
frame of wider decision support, not just the support for the analysis. As mentioned in the
introduction, analysis is only one element that contributes to decision‐making and product
developers also need support in terms of a decision‐making process. This is particularly important
since the ‘quality of process to exploit analysis and reach decision’ can contribute 6 times greater to
decision‐making performance than the ‘quantity and detail of analysis performed’ (Lovallo and
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Sibony 2010). Thus, the design for learningful support should consider supporting the ‘whole’
decision‐making process, and not just the analysis.

6.4 CONSIDERATIONS WHEN TAKING ACTION TO BE MORE SOCIALLY SUSTAINABLE
Another aspect to consider when thinking about how to address social sustainability challenges is
the type of action to take. Avoiding countries or, more seriously, ending operations in the countries
that score badly on social sustainability, does not necessarily lead to better social sustainability in
those countries. A company moving operations out of a country may contribute to a lack of basic
economic means for survival and therefore a contribution to structural obstacles to health.
Implications of trying to address negative social impact by moving operations is commonly discussed
in the SLCA literature (Parent et al. 2013).
In order to address the issues, a complete rethinking may be more helpful. For example, setting up
and ensuring good social conditions in recycling may be a larger lever (for change) than correcting
conditions in extracting. As many social sustainability issues are deeply imbedded in how extraction
industry currently operates (Davis and Franks 2014), focusing on improving conditions in the
recycling industry seems to offer potential. This kind of bigger‐picture thinking could be encouraged
when focusing on a learningful approach.
Finally, because it is possible to create sustainable and resilient communities anywhere along the
supply chain, perhaps product developers should analyse the concepts with regards to ecological
sustainability and then proactively work on social sustainability with the selected supply chain
actors. This, again, points us towards taking a supply chain management perspective in combination
with a product lifecycle perspective when working with social sustainability.

6.5 REFLECTIONS ON OUR RESEARCH APPROACH
Based on the expressed need from the case company, we assume that product developers want a
(numerical) analysis that can be included in their trade‐off decisions. However, not all product
developers may want such an approach to analysis. When designing for user experience or
customer‐centred experience, product developers are familiar with including tangibles in their
concept development decision‐making (for example, Hassenzahl and Tractinsky 2006) and so
therefore may not want a numerical proxy. And numerical aggregation is not always recommended
for decision‐making in complexity (Gregory et al. 2012). Yet, as the request from the case company
shows, numeric analysis is sometimes desired and an opportunity to try to find a way to support
product developers who take a numerical analysis‐centric approach to incorporating sustainability
into their decision‐making exists.
Our research approach was to prototype, the aim of which is to learn quickly and early (Kelley 2001).
We therefore took a pragmatic attitude to find something that was good enough in order to try it
out with the ultimate aim of learning by quickly completing at least one design‐test cycle. This
worked in our context and paid off especially given the result, but the prototypical nature of the
approach that we share in this paper should be considered by anyone wishing to use or build on it.
We have performed the early steps of evaluation – and only the early steps – in that we tested our
ideas with ourselves (the researchers) taking on the role of product developers involved in the
decision‐making rather than involving actual product developers. And then we got feedback from
case company representatives. This seemed appropriate given the level of realisation of the support
(Blessing and Chakrabarti 2009) and the desire for learning quickly and early. From our experience of
taking on this role, we concluded that the prototype approach was usable. Once the learnings from
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this evaluation have been incorporated and the support redesigned, it could also be tried out with
‘real’ product developers as the users.

6.6 CONCLUSION AND FUTURE RESEARCH
We designed a first prototype of support for analysing product concepts with respect to social
sustainability. This support instructs users to take a modelling approach, using existing databases
and indicators selected due to their relevance to scientific principles for social sustainability. We
then performed initial evaluation of the support, through which we learnt that the approach may
make it possible for product developers to analyse concepts, but the level of accuracy of analysis
that is possible is not good enough for comparing the concepts in the case study decision. Studies
are now needed to investigate (1.) how this approach could be made useful for supporting other
decision‐making, including providing cross‐functional support; and (2.) how the approach can be
developed or re‐designed to be learningful for the product developers by raising awareness of
potential contributions to unsustainability.
Implications for the case company, and wider industry, are to recognise (a) the imperfections with
analysing early lifecycle activities with respect to social sustainability and (b) that mitigating the risk
of an unsustainable supply chain is unlikely to occur through selecting concepts based on their
‘social sustainability score’, but rather requires actively seeking to improve social conditions in the
supply chain.
Implications for the research community are to conduct future research on how to design support
for product developers to integrate social sustainability considerations in concept selection decision‐
making such that the support is learningful for the users. This future research may include
investigating how to design learningful support that includes encouraging (i) the whole process of
decision‐making, not just the analysis, (ii) bigger‐picture thinking about how to proactively address
issues, and (iii) an integrated approach to sustainable supply chain management and product
development.
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Hurdles to clear: Cognitive Barriers in Sustainable Product Development
Abstract
Product development is a phased decision-making process that is difficult to manage, for example, due to
lack of knowledge in the early phases when design freedom is high. The management becomes even more
challenging when adding the new, complex and potentially long range considerations of sustainability to
decision-making in product development.
More explicitly, the management challenge is manifested in that product developers initially know
little about the design problem, which is when they have highest design freedom. With the addition of time
pressure, these challenging decision-making situations lead product developers to become susceptible to
relying on heuristics, and prone to systematic errors and biases.
In our study, we aim to outline and understand which cognitive shortcomings are involved and
create potential barriers in development of more sustainable products. We do so by asking the question
‘Which cognitive barriers are relevant when incorporating sustainability considerations into product
development?’ We focus on concept development due to the scale of the implications of decisions made
during this phase and the product developers desire to try to incorporate sustainability in this phase. To
address this question, we used psychological literature on cognitive shortcomings to identify which barriers
are particularly relevant in the decision-making context described by the literature on product development
and decision-making for sustainability.
We contribute to the practice of people developing decision support for sustainable product
development by increasing awareness of cognitive barriers that are particularly relevant in this context.
Theoretically, we contribute with increased understanding regarding how different cognitive barriers may
be influential for certain activities, and not for others – a matter which underpins a forthcoming discussion
on how clusters of cognitive shortcomings may affect outcomes of including sustainability in the product
development process.

INTRODUCTION
Sustainable product development is important due to product lifecycle impacts being a major
contributor to many of society’s sustainability challenges (Kaebernick et al., 2003; Pujari, 2006; Tukker &
Jansen, 2006) as well as a means to become and remain competitive in business (Pujari et al., 2003;
Dangelico & Pujari, 2010).
Sustainable product development is a phased decision-making process (Krishnan & Ulrich, 2001;
Barczak et al., 2009). Decisions in the early phases of the process are particularly important due to the
impact on increasing development costs (Ulrich & Pearson, 1993). These critical early-phase decisions are
made under uncertain conditions as little knowledge has been gained about the design problem (Ullman,
2003), with the earliest decision-making even being referred to as the fuzzy front end (Reid & De
Brentani, 2004). This lack of available information for concept development decision-making can lead to
inaccurate judgements and incomplete evaluations (Chin, 1999) and thus raise costs.
Furthermore, the people making the decisions, even if they were presented with full information,
are not fully rational decision-makers (Simon, 1957). It is not that product developers are particularly poor
decision-makers, rather humans tend to favour mental shortcuts over more systematic processing (cf.
Gigerenzer & Selten, 2002). These shortcuts, known as heuristics, are for the most part functional, but also
troublesome as we tend to apply them wrongly in complex and uncertain decision-making contexts (cf.
Gigerenzer & Selten, 2002). The novelty and complexity surrounding the sustainability domain make
product developers particularly likely to rely on heuristics and consequently face cognitive barriers with
systematic errors and bias as a result (Arvai et al., 2012). They are therefore likely to benefit from decision
support. This support should be designed such that it enhances decision-makers’ own capabilities. That is,
we think that support for sustainable product development should be focused on supporting the users (not
on replacing them). Although product development could be characterized as a trial and error process,
which to some extent embraces mistakes, we argue that addressing the systematic and predictable ways
such mistakes are made would help product developers making the “right mistakes” at the “right time”
and therefore enable resource allocation in an effective manner.
The field of decision-making in general, and of heuristics and bias in particular, is large but there
has not been much application in the area of sustainable product development. There has been some work
to build understanding of cognitive challenges in order to support improved decision-making for
sustainability (cf., Arvai et al., 2012; Gifford, 2011). However, in the field of product development
decision-making, there is little literature on which heuristics and biases are highly relevant for people
developing decision support, although there is some work describing the decision-making challenges (cf.
Kihlander & Ritzen, 2012). At the intersection of decision-making for sustainability and product
development decision-making, there is very little, if any, literature on heuristics and bias. In fact, most
studies in the field of innovating for sustainability are prescriptive and often case based (Adams et al.,
2012). There is therefore a gap in the literature that developers of decision support for sustainable product
development can use to understand which bias they should consider when developing their support.
Our purpose in this study is therefore to identify and communicate systematic cognitive errors and
misjudgements that build cognitive barriers to sustainable product development. The aim is in line with
Lovallo and Sibony’s (2010) suggested approach for dealing with biases; in order to counter biases, one
must first identify the critical decision points and then identify relevant biases. We have focused on the
critical decisions that form the early phases of product development, the specific conditions that constitute
the product development phases and specific tasks in relation to how individuals uses different modes of
cognitive processing under such constraints. Then we outline a number of cognitive biases that affect
these decisions, and finally, we discuss implications for the product development field.

METHOD CONSIDERATIONS
In our study we elicit concepts and constructs from the literature that together build a conceptual system
(cf. Jaccard & Jacoby, 2010). Assembling the literature into our conceptual system progressed through
three consecutive steps. First, by scanning the literature we outlined important decisions for sustainable
product development, with a special emphasis on concept development, and the related conditions for
decision-making. Second, in correspondence to the concept of specific product development conditions,
we mapped two modes of cognition that broadly summarizes how humans process information. Third, as a
consequence of these conditions we derived systematic errors that are likely to emerge under these
particular conditions and examined the nature of each bias and heuristic – being either perception-based or
reason-based - and looked for alignment with the cognitive processes likely engaged during those product
development tasks. To exemplify our procedure and placing of biases in the model, given that individuals
typically know little about the design problem at the onset of a project in relation to what they know in
later phases in a project, biases that relates to perception rather than reasoning are more likely to influence
decisions in early phases. Similarly, as product development proceeds and individuals accumulate
information, biases that concern reasoning are more likely to influence in later, rather than early, phases.
Thus, in alignment with these conditions, perceptual biases were weighted more heavily in earlier rather
than later product development phases. On the contrary, biases associated with reasoning were weighted
more heavily in later phases rather than earlier stages as individuals have acquired some knowledge about
the process. Thus, besides using the product development literature as a backdrop we intersected research
from several scientific fields, including sustainability, psychology and decision-making literature into the
conceptual system.
Our review did not serve to critique the literature, but rather use the product development and
sustainable product development literature in order to understand and describe the decisions and
conditions under which product developers are making those decisions when they are bringing in
sustainability. This involved searching for key texts and generally accepted descriptions, which of course
has its limitations. Similarly, our search for biases was also scoped, and therefore limited. We choose to
use handbooks and a systematic reviews (cf. Pohl, 2004; Arvai et al., 2012) that both assemble wellestablished heuristics and biases from peer reviewed sources. By using these collections of wellestablished empirically tested theory, robustness was added to our work, more so than if trying to cover all
work on the edges of a vast and fast-moving field. Secondly, although important for product development,
we omitted the social level of analysis. There are quite a few biases that emerge during social interaction.
Having them included would harmonize with product development activities as a group-based activity.
However, we chose an individual level of analysis as biases that surface on the individual level may have
an impact on the social level as well, and product developers have highlighted the dependence of success
of concept development decision-making on the individuals involved (Kihlander & Ritzén, 2012). For
instance, champions have been seen to informally take place and enthusiastically affect decisions in early
phases of innovation (Burgelman & Sayles, 1986). Consequently, champions have a gatekeeper function
where they are able to interpret and direct both type and extent of information (cf. Macdonald & Williams,
1994), which in turn facilitate progression of ideas through critical development phases. Similarly,
boundary spanners are translators who operate at the intersection or two or more organizations or units by
transferring information between them (cf. Leifer & Delbecq, 1978). All three roles point in the direction
of that, not only groups, but also that individuals abilities to process information is important for product
development decision-making. Consequently, biases arising at the individual level has implications on the
social level and therefore understanding these individual level cognitive shortcomings would help to
promote successful development.

THE PRODUCT DEVELOPMENT DECISION-MAKING PROCESS & ASSOCIATED CONDITIONS
Product Development - a Phased Decision-making Process
Decision-making comprises the activities that lead us to choosing and to generating ideas, which helps us
bring order, routine and organization, and thus simultaneously aid us in punctuate experiences and making
sense of the world (Chia, 1994). Product development is a deliberative process involving a multitude of
decisions (Krishnan & Ulrich, 2001; Barczak et al., 2009) that transforms a market opportunity into a
product available for sale (Krishnan & Ulrich, 2001). Taking a time-linear process view of product
development decision-making does not exclude iteration within categories of decision and phases
(Ullman, 2003). In fact, Kihlander and Ritzén (2012) showed that engineers are more likely to view
product development process as iterative decision-making, whereas the managers are more likely to view
it as a linear process. The differing views between managers and engineers gives rise to some challenges
in product development, but we can, at least, describe product development as a phased process of
decision-making (Kihlander & Ritzén, 2012).
Product development decisions do not vary widely, even though the products can differ widely,
since there are certain decisions that need to be made in order to get to the point of having a product, and
so these decisions end up being made, deliberately or otherwise (Krishnan & Ulrich, 2001). In a review of
the literature, Krishnan and Ulrich (2001) collected the following four categories of ‘generic’ decisions
(from across academic disciplines): concept development, supply chain design, product design, and
production ramp-up and launch. Concept development decisions are about specifying what the product
will achieve and be, including generating and selecting concepts. Supply chain design decisions regard
who will design and produce components and the flow of materials and intellectual property. Product
design decisions form the detailed design phase where product developers work to detail a selected
concept enough so that it can be tested and manufactured.
There are many prescriptive texts about when (and how) concept development and product design
should be taken (cf. Ullman, 2003; Ulrich & Eppinger, 2011). As an example, the decisions that Krishnan
and Ulrich identified under concept development map approximately to the phases ‘develop engineering
specifications’ and ‘develop concepts’ in Ullman’s technical design process (ideal flow chart of activities)
(Ullman, 2003) and stages 0-2 of Cooper’s stage-gate model (Cooper, 2011). Similarly, decisions in the
product design category map to Ullman’s ‘develop product’ and Cooper’s stage 3 (development). Thus,
we can conclude that product developers generally take concept development decisions earlier than
product design decisions. Similarly, they generally take production ramp-up and launch decisions later
than product design decisions (Krishnan & Ulrich, 2001; Ullman, 2003), leading to phased decisionmaking.
Conditions for product development decision-making. Product development decisionmaking is characterised by uncertainty and long feedback loops, involving commitment of large amounts
of resources over long periods of time before the result is understood (Matheson & Matheson, 1998).
Including a large amount of uncertainty is something that product developers themselves have expressed
experiencing (Kihlander & Ritzén, 2012). Early in the process, product developers know less about the
design problem due to a fuzzy front end (Reid & De Brentani, 2004). As product developers work on the
project, they increase their knowledge of the problem and alternative solutions. Simultaneously, as
product developers develop, select and detail attributes and concepts, they reduce their design freedom.
The lack of knowledge while design freedom is high and lack of freedom when knowledge is high is
called the ‘design process paradox’ by Ullman (2003). Figure 1 shows how Ullman represents the
paradox.

Figure 1 - The design paradox.
Figure sourced from Ullman (2003)
fig. 1.11.
Early in the development process is
also when product developers may
experience time-pressure. This time
pressure is not a surprising result of
the race for shortest time-to-market.
Perceived time-pressure have been
seen to negatively affect decisionmaking performance in lab-based
settings (DeDonno & Demarre,
2008). Outside the lab, time pressure
has been demonstrated to lead to both
positive and detrimental effects on
quality for individuals (LePine et al.,
2005) and for teams, particularly when the pressure did not lead to a satisfying, enjoyable and stimulating
experience (Chong et al., 2011). Even when perceived as a challenge that provides opportunity to problem
solve and learn, experiencing time pressure can add up over time and lead to strain and negative impacts
on performance (LePine et al., 2005).

Concept Development
Since early phase decision-making, particularly idea creation and selection, determines to a large extent
the success of a development project (Martinsuo & Poskela, 2011), we scope our focus to concept
development decision-making. This phase is also when there is greater potential to reduce negative
sustainability impacts (Bhamra et al., 1999).
A product concept is an idea of a technical solution and associated features, working principles,
attributes and customer benefits (Ulrich & Eppinger, 2011) and the aim of the concept development phase
is to develop the concept(s) so that it/they is/are detailed enough to ensure that the subsequent product
design phase can be realistically undertaken (Ullman, 2003). During concept development, product
developers are generating options for and selecting between options for: attributes, concepts, variants,
architectures, physical form and industrial design (Krishnan & Ulrich, 2001).
As mentioned above, concept development decision-making involves product developers pursuing
two types of activities - generating options and selecting between them (Krishnan & Ulrich, 2001).
(Evaluating is one part of selecting, for example, evaluating concepts in order to compare and select
(Ullman, 2003)). Having both of these two types of activities – generating and selecting – is necessary in
order to achieve creative solutions (Knudsen & Levinthal, 2007). Moreover, these two tasks overlap well
with different modes of how individuals typically process information. The latter will be addressed in
more depth when outlining biases.
Challenges for concept development decision-making. In the section above, we shared
Ullman’s design paradox. Concept developments lies very early in the paradox time-line, when product
developers have low knowledge and high design freedom. Meanwhile product developers are feeling
pressured by time. These conditions make decision-making challenging for product developers. It is
difficult to even state when decisions are made – the above listed decisions are embedded in the
development of concepts and the decisions cannot easily be teased out, even if the company’s process
prescribes making the decisions at certain points in time (Kihlander & Ritzén, 2009). When making these
decisions, it is difficult to know how much information is needed to avoid major re-work later (Kihlander
& Ritzén, 2012), that is, it is challenging to know how good a decision needs to made.

Gate Reviews
Companies often have a gate review between the concept development and product design phases. The
purpose is to manage risk by reviewing the readiness of the new product project to proceed to the next
phase. Often, a single product concept has been selected and now it is time to review the readiness of the
whole project. Some authors advocate a go/no-go type review. For example, Cooper (2001) gives the
reviewers’ four options – go, kill, hold or recycle. The review is achieved by assessing the project against
criteria, which usually cover four dimensions - technical, strategic, customer acceptance, financial, and
market-related (Carbonell-Foulquié et al., 2004).
The ‘gate’ nature of these reviews differs in practice, at least in some industries, from Coopers’
prescription. In some industries, such as aerospace, contracts have often already been signed and so a ‘kill’
decision becomes highly unlikely and certainly undesirable (Christiansen & Varnes 2008; Johansson,
2014). This leads to a review that generates an action plan comprising conditions for progression to the
next phase (Johansson, 2014).
Challenges for gate decision-making. Although knowledge has increased since the beginning
of concept development, these reviews are made under significant uncertainty, since they come before the
detailed exploration of the product design phase. In the reviews, product developers therefore need to
assess a fit between internal and external conditions – a comparison that might be rooted in information
that does not translate to actual conditions. However, the (low) quality of information available is not
always explicitly discussed (Johansson et al., 2009). Decision-makers can mistake precise requirements
for uncertain, placeholder values, and vice-versa (Stacey & Eckert, 2003). The reviews can be ad-hoc in
nature, depending on the people involved and the culture (Johansson, 2014) and the reviewers likely feel
pressured to make the decision quickly, since it is so important to avoid delay, especially in a situation
where the company is already contracted to deliver by a given deadline (Christiansen & Varnes, 2008).

Sustainability in Decision-making is Unfamiliar & Adds Complexity
The nature of sustainability is complex; it relates to social and ecological systems, and includes
considering not only current global issues, but also potential future issues. The sustainability consequences
of a decision can be wide-ranging and distributed, yet also interconnected. Wrestling with the complexity
of sustainability is also relatively new for decision-makers, compared to what they usually include in their
decision-making. In Figure 2, these additional decision-making conditions are added to our conceptual
system. Due to the complexity of sustainability and the relative newness of including it in decisionmaking, the product developers likely know less about it than other aspects. In particular, the complexity
and unfamiliarity of the decision-making context around sustainability means that product developers are
particularly prone to relying on decision heuristics1, resulting in systematic errors and biases (Gregory et
al. 2012). We explain what are heuristics and bias in the next subsection.

1

decision-making shortcuts that are useful for routine decisions

Figure 2. Three types of decision-making task (generating, selecting and gate reviewing) in concept development and the conditions
under which these decisions are made when including sustainability.

The People: Heuristics, Errors, Bias and Barriers
Heuristics are decision shortcuts or ‘rules of thumb’ that humans employ to deal with the large amount of
information and many options in daily life (Arvai et al., 2012). Using these decision shortcuts can lead to
systematic and predictable errors – commonly referred to as biases.
The occurrence of biases are related to fundamental aspects of how humans process information.
Decision-making researchers acknowledge two interlocking system to − that process information. The
first, system 1 (Stanovic & West, 2000; 2002; Kahneman, 2003; 2011), refers to pre-conscious, rapid,
automatic, holistic, typically nonverbal processing and is mostly driven by perceptual processes. Thus,
System 1 coincides with expansive, association-based and divergent thinking which serve to produce
multiple or alternative answers (such as multiple concept ideas) using available information or ones
current state of mind as a point of departure. It requires making unexpected combinations, recognizing
links among remote associates, transforming information into unexpected forms (Brown & Katz, 2011).
System 2 (Stanovic & West, 2000; 2002; Kahneman, 2003; 2011), or the rational system,
encompasses reason-based functions that are slow, serial, effortful, rule-governed, flexible, and neutral.
System 2 processing therefore coincides with convergent thinking. It is System 2 processing that is
engaged in order to systematically narrow down options through rational and logical principles.
Convergent thinking is highly related to the knowledge one possess and less affected by ones current state
of mind. On the one hand, it involves manipulation of existing knowledge by means of standard
procedures; and on the other hand, its main result is production of increased knowledge (Brown & Katz,
2011).
In sum, the concept development phase is characterized by interchanging between the dual states
of mind (cf. Evans, 2008). While both systems are necessary for humans to process information, engaging
predominantly System 1 may open up for creativity and diverging ideas, but for also jumping to premature
conclusions due to ill-fitting perceptions of a problem (cf. Evans, 2003). On the contrary, engaging
predominantly System 2 processing lead to successive narrowing of options into decisions (convergence),
due to its sequential nature. It also causes high mental workload as overwhelming amounts of information
need to be ordered and thereby also raise the risk of unnecessary delays. Use of neither of the two systems
is free from biases (Evans, 2003; 2008). Biases which concern System 1 are more related to perceptual
processes while biases of System 2 regard higher order cognitive functions, such as reasoning and
decision-making (Evans, 2008). Therefore, the different biases also relate to different parts of the product
development process; generation tasks, in terms of perception-based and divergent thinking and selection
tasks in terms of reasoning and convergent thinking.
In the following sections, we identify and justify the particular heuristics and bias that constitute
cognitive barriers to sustainable product development under the decision-making conditions summarised
in Figure 2.

COGNITIVE BARRIERS WHEN GENERATING ALTERNATIVES
As described above, when generating ideas during concept development, product developers have little
knowledge about the problem, even less regarding sustainability aspects, and are under time pressure. As
described in the following subsections, these decision-making conditions are ripe for perception-based
biases like miss-predicting frequencies of occurrence of some event (availability bias), making erroneous
value estimations due to being influenced by some other value (anchoring) and perceiving information as
more valid just because it has been heard before (validity effect).

Availability Bias
When decision-makers estimate the probability of occurrence of an event (such as how often customers
request something or how often projects come in under budget) based on how easily they can bring to
mind similar events, irrespective of how many times this event has actually occurred, their estimation is
likely to suffer from availability bias (Tversky & Kahneman, 1973; Reber, 2004; Arvai et al., 2012).

Availability bias also affects how people form stereotypes and other types of judgements (Reber, 2004).
The bias is particularly pervasive for vivid or sensational events (Reber, 2004, Arvai et al., 2012). For
example, people may not be impelled to respond to sustainability issues such as climate change because
they can only bring to mind a few instances of climate and extreme weather issues (Sunstein, 2006).
However, exposure to films of extreme weather events have been associated with increases in people’s
belief that global change is actually occurring (Arvai et al., 2012).
People make judgements based on how easily they can recall (similar or perceived relevant)
instances and they do this when they think that the ease of recall indicates a high frequency (Schwarz et
al., 1991) - it’s easy for me to remember times when I have been assertive, and therefore it must happen
often. Similarly, people make judgements based on ease of recall when they do not have the information
or when they are not sufficiently motivated to systematically process the information (Reber, 2004). The
time pressure of concept development may contribute to low motivation to systematically process all
information. The combined potential lack of motivation and general lack of information during concept
development provide ripe conditions for availability bias.

Anchoring
Anchoring bias occurs when decision-makers ‘anchor’ their judgement on some initial reference point
(anchor), such as when estimate a value. This bias appears even when the anchor is clearly irrelevant to
the decision at hand (Arvai et al., 2012) or an extreme value, and occurs even for experienced decisionmakers (Mussweiler et al., 2004). For example, legal experts’ sentencing decisions were biased by
sentencing demands (working as anchors) and this bias occurred even when the demand (i) came from an
irrelevant source, (ii) was randomly determined, (iii) was randomly determined by the experts themselves
throwing dice (Englich et al., 2006). Similarly, people who got a higher prediction of the increase in the
earth’s temperature were more likely to believe that global warming is occurring and more willing to pay
to reduce it than those who received a lower prediction of temperature (Joireman et al. 2010).
There are several theoretical accounts for the occurrence of anchoring. Mussweiler et al. (2004)
describe selective accessibility as a prime cause of anchoring. The selective accessibility model assumes
that the act of comparing a target value (that which you are trying to estimate) to the anchor value changes
the accessibility of knowledge about the target value. There are two stages to anchoring - first selecting
the anchor, and then comparing the target value with the anchor. The selection of an anchor can be
through conversational influences (for example, somebody says that a number is relevant), or because it
easily comes to mind, or the decision-maker chooses an anchor related to that which somebody says. The
selection of an anchor because it easily comes to mind is a manifestation of availability bias. Selecting
anchors based on ease of recall is not only relevant for numerical anchors, but also available concerns.
Decision-makers can be more heavily influenced by decision factors that first come to mind and so base
their judgement more on initial financial costs than longer-term and sustainability considerations (Arvai et
al., 2001).
When a decision-maker has an anchor, they then check the possibility that the target value is equal
to the anchor value (the second stage). When they do that check, they selectively retrieve knowledge from
memory that is consistent with the anchor. Then, when the decision-maker subsequently generates an
estimate, they do so relying on easily accessible knowledge (Mussweiler et al., 2004).
The tendency to compare to an anchor occurs when there is little knowledge available
(Mussweiler et al. 2004) and the magnitude of the anchoring effect seems to be largest when faced with
problems that they have not thought much about in the past, such as emerging sustainability issues (Arvai
et al. 2012). Product developers are therefore most prone to anchoring during concept development, when
they have little knowledge about the problem, and when particularly focusing on sustainability attributes.
For example, product developers may anchor their idea generation in aspects other than sustainability.

Validity Effect
People can perceive statements as more true just because the content is familiar to them, such as when
they have heard a similar statement. This is known as the validity effect and occurs both for fact and

opinion, both for statements that are generally perceived as true or as false, and even for statements that
are falsely perceived as true or false (Hackett 2004). The validity effect is strongest for the first repetition
of information (Hackett 2004). However, decision-makers do not continue to increase their perceived
validity when, due to frequent repetition, they perceive an intent to persuade them (Koch & Zerback,
2013).
It is when decision-makers are more familiar with information, such as when they believe that
they have heard it before) that they perceive it as more true (Boehm, 1994). Specifically, experts suffer
worst from the validity effect in their area of expertise − they rate statements in their own area as being
truer, even when the statements are factually false (Arkes et al., 1989). Due to the newness of integrating
sustainability considerations in product development, product developers are likely less familiar with
sustainability related statements than many other product development considerations and therefore prone
to viewing other statements as more valid than sustainability related statements. This would be
accentuated for statements related to their own area of expertise (which is often not sustainability).

Summary of Cognitive Barriers to Good Quality Idea Generation
Under the low knowledge and high time pressure conditions of concept development, availability bias can
lead to a false focus of idea generation. For example, product developers who have a vivid perception of a
project that was a sensational flop in terms of development costs will easily recall this instance of
development cost overrun and so are prone to estimating that it happens more frequently than it actually
does. They may therefore overestimate the importance of development cost. Similarly, but with reversed
conditions, there may also be a tendency to underestimate development costs by drawing on idealized and
highly accessible perceptions of successful projects. In conclusion, this could cause great fluctuation in
costs and is something which becomes considerably hard to predict. When generating ideas for product
attributes and/or product concepts, the product developers may then anchor their ideas in the importance
of development costs and so be restricted in how widely they can generate ideas, thus potentially limiting
the extent to which they include sustainability in their ideas. Furthermore, the product developers’ lack of
experience with sustainability leave them susceptible to considering statements about more familiar
aspects (that may not be sustainability orientated) as more valid information, For instance, being technical
experts, developers may perceive technical information as more valid than business related information,
even when this would not be appropriate from a sustainability point of view. In turn, such mistakes could
spark off the product development trajectory in the wrong direction. These particular heuristics and bias
are shown in Figure 3 along with the specific conditions that lead to them and example resulting cognitive
barriers to sustainable product development.

Figure 3. Biases and heuristics effecting generating tasks when adding sustainability to concept development decision-making, the underpinning
decision-making conditions, main mode of processing and the resulting cognitive barriers to sustainable product development.

COGNITIVE BARRIERS WHEN SELECTING DURING CONCEPT DEVELOPMENT
During concept development product developers make various selection decisions, for example, choosing
attributes and product concepts. Hence, they are likely to draw on converging modes of thinking as they
are analysing and comparing the information they have accumulated. However, this activity is still judged
to be performed under high levels of uncertainty, particularly regarding sustainability aspects, and high
time pressure. As described in the following subsections, these conditions are ripe for analysing with
respect to reasoning about dependencies between variables that does not actually exist (illusory
correlation), and giving less attention to evidence that disproves a previously formed hypothesis
(confirmation bias).

Illusory Correlation
People are great at detecting relationships between variables, but sometimes this capability goes into
overdrive such that people perceive relationships that do not actually exist. These false perceived
relationships are known as illusory correlations and can result in failed or inaccurate correlation
assessment (Fiedler 2004). Kao and Wasserman (1993) fed participants information about frequency with
which an exotic plant flowered with and without fertiliser. When the rate of flowering was equal for both
with and without fertiliser, participants judged fertiliser to positively influence flowering when the actual
flowering frequency was high for the case of fertiliser used and to negatively influence when this value
was low. In other words, although the ‘success rate’ was independent of the use of fertiliser, participants
perceived a positive correlation for the combination with the highest absolute value.
There are different types of illusory correlation, such as illusions based on expectancies, or sample
size. These types differ in their underlying cognitive process, which can operate simultaneously (Fiedler
2004). Illusions based on expectancies are when you see what you expect to see, for example, by
following a stereotype (Fiedler 2004). Decision-makers are especially susceptible to seeing what they
expect when they are making judgements under uncertainty (Fiedler 2004), a condition familiar to concept
selectors. Therefore, if product developers expect (believe) that more sustainable concepts are more
expensive, they may judge a sustainable product concept as more expensive.
Another type of illusory correlation is those correlations based on sample size. When the sample
size of one pair of variables (such as flowering and fertiliser-used) is bigger than the other pairs of
variables, this can lead to decision-makers perceiving the correlation between that variable pair even when
it does not exist (Fiedler 2004). This results in minority groups having a potential disadvantage. For
example, for the variables ‘sustainability performance of product’ (good/bad) and ‘functional performance
of product’ (good/bad), the combination of good functional performance and bad sustainability
performance is likely to be much bigger than the other combinations, since sustainability is a fairly new
attribute. This means that, irrespective of the actual correlations (or lack of) between the variable pairs,
product developers may be prone to judging the combination of good functional performance and bad
sustainability performance as more likely.

Confirmation Bias
People may have hypotheses (assumptions and things we believe to be true) and, or as consequence of
being forced to selecting among highly diverse ideas, they may develop hypotheses about the area of
subject. Thus, when knowledge about the problem is low, people establish hypotheses as a matter of
necessity. Having and testing hypotheses is a part of everyday decision-making (Oswald & Grosjean,
2004). However, sometimes decision-makers favour information that supports their hypothesis over
information that does not fit well with the hypothesis. This favouring of supporting information is known
as confirmation bias, and seems to occur primarily when the decision-maker already has established a
hypothesis or when the decision-maker wants the hypothesis to be true (Oswald & Grosjean, 2004). For
example, when Lord et al. (1979) presented two scientific studies − one supporting the effectiveness of the
death penalty and one non-supporting − to people opposed to the death penalty and people supporting it,
participants gave greater weight to the study that supported their own stance and easier pointed out weak

points in the other study. Even more alarming is that both sets of participants left feeling even more
convinced of their original view than they were before they read the studies (Lord et al., 1979).
During early concept development product developers must start to form hypotheses, which could
be further scrutinized and eventually tested and thereby reduced into fewer actionable alternatives.
Examples could include hypotheses about what attributes or which markets are best. Decision-makers test
their hypothesis by searching for new information, interpreting existing information and remembering
information. Confirmation bias occurs because the decision-makers (i) are more likely to access memories
that align with their hypothesis than memories that do not; (ii) weigh the importance of supporting
information than importance of information that does not fit well with the hypothesis; and (iii) avoid
sources that they know could have information that would lead to rejecting the hypothesis (Oswald &
Grosjean, 2004). Early in the concept development phase, product developers have little knowledge
(information) about the problem space and therefore there are potentially an overwhelmingly huge range
of information sources to be searched. The lack of existing information and expanse of potential sources to
investigate might make it easier for the product developers to rely on previously held perceptions (see
validity effect), search for supporting information, and to ignore sources that they know to provide illfitting information, and therefore be prone to impeding a possible rejection of the existing hypothesis.
As with any type of interviewing, confirmation bias can occur during needfinding interviewing.
The design strategy for interview questions can be such that the interview seeks to examine instances in
which the property or event is likely to occur (known as a positive test strategy) (see Oswald & Grosjean,
2004). When product developers use a positive test strategy to test only one hypothesis, and not its
alternatives, then there is a risk that the needfinding results suffer from confirmation bias. This is
particularly relevant when the questions are likely to be answered affirmatively, and/or the product
developer’s behaviour influences the respondent to answer affirmatively (Oswald & Grosjean, 2004).

Summary of Selecting
Consider a product developers who is faced with comparing two concepts with respect to (amongst other
things) weight and destruction of natural resources. The product developers’ greater experience with
lightweight solutions than low-destruction-of-nature solutions might make her prone to illusory correlation
and perceive the combination of lightweight and high-destruction-of-nature as more probable. When faced
by the complexity of the task and the low knowledge, high time pressure conditions, the product developer
may be tempted to want to believe her hypothesis that sustainable product concepts are less probable
(because then they would not have to deal with the additional complexity) and would therefore be
susceptible to remembering and searching for information that confirms her hypothesis that the
combination of lightweight and high-destruction-of-nature is more probable. This is summarised in Figure
4.

Figure 4. Biases and heuristics effecting selecting tasks when adding sustainability to concept development decision-making, the underpinning
decision-making conditions, the main mode of processing and the resulting cognitive barriers to sustainable product development.

GATE REVIEWS
To proceed from the concept development phase into the next phase, many companies use a gate decision.
As previously described, these decisions are narrowed down into reviews of single projects that concern
go/no-go decisions with a special emphasis on risk reduction. At this point, the single project is assessed
against its fit to technical, strategic, customer acceptance and other market-related factors and whether it
should be devoted additional resources. Such forecasting is a comparison between the company’s internal
product development processes to external and potential conditions – matters which are inherently
uncertain and difficult to predict. Moreover, the reviewers are likely to feel time-pressure and make
decisions quickly, since it is so important to avoid unnecessary delay, especially in a situation where the
company is already contracted to deliver by a given deadline. Taken together, these conditions makes gate
reviews prone to biased judgments.
As regards specific biases, product developers may focus on attributes that are easy to evaluate
(evaluability bias) rather than seeking more complex, but better analysis. Similarly, assessing fit between
internally derived features of a product and external and future conditions, causes assessments to be based
on likelihood, similarity or small sets of parent products or other competing products (biases of
representativeness). In addition, inaccurate assessments of how current conditions translates into future
conditions would also raise the risk how much control reviewers have over these circumstances (illusions
of control) as well as their willingness to change and actually proceed with the concept (status quo bias).

Evaluability Bias
When judging an alternative in isolation (that is, not by making multiple comparisons), people tend to
focus on attributes that are easy-to-evaluate more than attributes that are difficult, but perhaps better, to
evaluate. Evaluability bias occurs even when the difficult-to-evaluate attribute is more important to the
decision at hand (Hsee, 1996; Arvai et al., 2012). For example, respondents in Hsee’s (1998) experiment
said, as you might expect, that they would pay more for the larger amount of ice-cream when asked to
jointly evaluate how much they would pay for 8 ounces of ice-cream in a ten-ounce tub and for 7 ounces
of ice-cream in a five-ounce tub. However, those who were asked to separately evaluate one tub (that is,
without comparing), on average said that they would pay more for the smaller amount of ice-cream (in the
over-filled tub). The relative fullness of the tub was easy-to-evaluate and the absolute amount of ice-cream
was only evaluable via comparison.
How easy an attribute is to evaluate is also related to how the decision-maker feels. If a decisionmaker knows exactly how they feel about a certain attribute, then that attribute likely carries more
meaning for them and is therefore over-weighted in decision-making (Slovic et al. 2007). When reviewing
a project at a gate, do product developers know how they feel about each sustainability attribute? Perhaps
they are more likely to know how they feel about attributes that are more familiar to them.
Difficult-to-evaluate attributes are those that require the decision-maker to undertake “effortful
analysis” and have “contextual knowledge” (Arvai et al., 2012:31), such as amount of child labour in the
value chain and associated importance for the company. It is not only ice-cream quantity and amount of
child labour that can be difficult to evaluate without a comparative framework. No matter how important
or familiar, quantities of anything (even number of lives saved and dollars) are sometimes not evaluable
(Fetherstonhaugh, et al., 1997; Slovic et al., 2007). In contrast, proportions and probabilities are often
easy-to-evaluate and therefore over-weighted in decision-making, particularly when the decision involves
ambiguity about how much is good enough (Slovic et al., 2007), such as when considering newly
introduced sustainability aspects.

Biases of Representativeness
“The representativeness heuristic refers to when intuitive judgments occupy a position between automatic
parallel operations of perception and the controlled serial operations of reasoning” (Kahneman &
Frederick, 2002:2). People may therefore jump to conclusions and increase prevalence of biases that
concern how representative an item may be to a particular parent population. The representative heuristic
refers to which extent judgments are based on how it; i) “is similar in essential characteristics to its parent

population, ii) reflects the salient features of the process by which it is generated” (Kahneman & Tversky,
1972: 430). In other words, the more prototypic a representation is, the more representative it is believed
to be and also judged to belong a certain category. However, basing ones judgments on similarity does not
make a prediction more likely to be accurate, nor is there always a resemblance between what generates
an effect and the outcomes of it. Therefore the representativeness heuristic causes faulty judgments which
in turn pave way for a number of biases, such as for instance base-rate neglect, conjunction fallacy and
regression fallacy.
Base rate neglect. It causes individuals to neglect statistical distributions, instead basing their
judgments on small sets or, in other words, focusing on specific information rather than general
information. Unfortunately, such sets are not representative to real-life events and thus cause biased
judgements. A relevant example for product development is when failing to consider how large a
particular user group of a product might be and instead base one’s judgment on a smaller and more local
statistical distribution. For instance, it would be similar to judging an innovative house-hold water
cleaning system on the basis of how useful it would be to Western Europeans without taking into account
African and Asian market.
Conjunction fallacy. It refers to the tendency to believe that specific conditions are more
probable than general ones. In other words, it is when two or more attributes are taken as more probable
than either attribute alone. However, from a statistical point of view the probability of conjunctions (cooccurrence of two events) can never be greater than that of its conjuncts (Plous, 1993). An example
relevant for product development is when newly developed prototypes are compared with previously
developed prototypes, although these new products are developed under completely different conditions
and intended for completely different markets. In other words, is the new prototype an example of a
previously developed product?
Regression fallacy. It refers to when individuals claim causality between elements without
taking into account natural variation. This means that a snapshot assessment does not necessarily represent
the event itself. For instance, extreme events are more likely to regress towards the average of events
when measured over time, meaning that if an event is extreme on its first occasion, it will move towards
the average on its second occasion. This phenomenon has been replicated within various domains, such as
in extreme sport results and in education where performances over time regress back to average
performances and thus may cause unjustified praise (Gilovich, 2008). Similarly, basing one’s judgment
on previous successful products would raise the risk of attributing success to certain factors, when it
actually might be coincidence that affects how successful the product might become.

Illusions of Control
Similar, but not directly related to the representative heuristic, are illusions of control. It refers to the
tendency to overestimate ones influence over external events, when in fact not having influence over
them. Illusions of control are more likely to appear under conditions of stress and competitive situations,
such as in trading situations (Fenton‐O'Creevy et al., 2003), when individuals have practiced an event and
when they can make a choice rather than have it made for them with the same odds. Or in other words,
when there is a perception of that “skill cues” (Langer, 1975; Langer & Roth, 1975), such as the
possibility to make choices, familiarity and involvement in decisions, illusions of control seems to be
frequently occurring. In other words, in groups that are used to and familiar with working with product
development, function autonomously, faces time-pressure and are able to make decisions about their
work, face the risk of experiencing illusions of control.

Status Quo Bias
When product developers face time-pressures, have incomplete information and have worked with a
concept for a while they are likely to have become committed to the concept. These conditions bears
additional biases. The status quo bias surface when disproportional weight is assigned to present
conditions and when changes from this baseline are perceived as losses. Explanations for why the bias
occurs are found in loss aversion and endowment effects.

Loss aversion refers to that judgments are perceived as either positive or negative in relation to a
reference outcome that is judged neutral (Tversky & Kahneman, 1981). Variations in judgment to the
reference point can therefore determine whether a given output is evaluated as a gain or a loss. Although,
changes from a status quo typically regards gains as well as losses, losses are weighted more heavily than
equivalent gains and individuals are therefore more likely to avoid them as they would infuse more regret.
A tendency to overemphasize the avoidance of losses will thus favour retaining the status quo, resulting in
a status quo bias.
The latter also connects to the endowment effect (Kahneman et al. 1991). Endowment effect refers
to that individuals devote more value to things they possess, in relation to what other own, even if it is
arbitrary or recently acquired. In a simple experiment, Kahneman et al. (1990) showed that individuals
required a twice as high compensation for a trivial item (a mug) once their ownership of the mug had been
established as they were when they about to acquire the mug. Thus, the endowment effect causes a lockin, where not letting go of current state of affairs is a stronger force than changing them. Translated into
sustainable product development, working with a concept development project may increase perception of
ownership of that particular project and thus affect product developers’ assessment of its value
The biases associated with the gate review process are summarized in Figure 5, below.

Figure 5. Biases and heuristics effecting gate reviewing tasks when adding sustainability to concept development decision-making, the
underpinning decision-making conditions, main mode of processing and the resulting cognitive barriers to sustainable product development.

DISCUSSION OF BIASES IN SUSTAINABLE PRODUCT DEVELOPMENT
Returning to our purpose of identifying and communicating systematic cognitive errors and
misjudgements that pose cognitive barriers to sustainable product development, we conclude that the
intersection of sustainability, product development and biases is not well researched, yet it is important as
non-sustainable product development has both societal and economic consequences. Product development
decisions in general, and concept development decision in particular, are made under considerably
complex conditions (Reid & De Brentani, 2004) and bear consequences regarding resource allocation and
ultimately success on the market. Product development is a multi-level activity and summing up the parts
of product development, sustainability and bias research does not provide an exhaustive picture of how
these processes run. Therefore, in order to unveil blind spots for sustainable product development, the
intersection of these areas were investigated in this study.
Our assembled model (see Figure 6) accounts for specific contextual conditions of product
development, specific product development tasks, the dominant mode of processing for respective tasks
and the related specific individual biases that have the potential to affect the sustainable product
development. Although identifying characteristics of the environment, tasks, modes of processing and
identifying corresponding biases in this setting is a contribution in itself, we below elaborate more in a
discussion on specific implications for processes and pitfalls in sustainable product development.
From an innovation perspective, mistakes are important as they guide learning and improve
development (Nooteboom, 2000). Thus, not allowing individuals to make mistakes would startle
innovation. However, our framework does not emphasize mistakes to be eradicated from, it rather
emphasizes that knowledge about the structure of mistakes would be helpful in order to maximize the
usefulness of mistakes. As Lovallo and Sibony (2010) argue, by being aware of what kind of mistakes
individuals typically do in relation to specific decisions, appropriate counter measures could be applied.
Hence, by being aware, developers of support for sustainable product development can optimise use of
heuristics and biases.
Since concept development comprises three main tasks, we elaborate on the implications by first
addressing biases of the generation tasks, moving on to the selecting tasks and finally close by addressing
the gate reviews.

Figure 6. A summary of important biases and heuristics that effect decision-making when incorporating sustainability into concept development,
the underpinning decision-making conditions and the resulting cognitive barriers to sustainable product development.

Implications for generation tasks. The decision-making conditions under which generation
tasks are performed are ripe for falsely focusing ideation activities on non-sustainability foci due to
making judgements based on ease-of-recall of non-sustainability pressures (availability bias). In ideation
activities, however, divergent thinking is important, and consequently generation of cascades of thoughts
would make mistakes more likely to be allowed and useful as in comparison to when occurring during
selection activities.
Similarly, low knowledge and unfamiliarity can lead to product developers wrongly restricting
their ideation, making erroneous value estimations due to being influenced by some other value
(anchoring). On the contrary, and on the note on allowing mistakes, even though wrongly framed anchors
(as a result of both availability and anchoring) may lead product developers astray, away from sustainable
development, it may still help them to fight inertia, as it would allow them to work on ideas that in turn
may be refined and tested for viability in later phases.
The perception of information as more true when it has been previously encountered (validity
effect) raises interesting questions as to the best ways to do iterative product development, such that
product developers, and the project at large, suffer less from the validity effect. How does the repeating of
information during iterative cycles of product development affect the perceived validity of some
information, and therefore the critical reasoning about the information? How does having the same gate
keepers at multiple gates moderate validity effect?
Implications for selection tasks. In terms of holding biased judgments of correlations between
variables, such as thinking that lightweight versus low-destruction-of-nature variables may be stronger
correlated with product success, may in turn set off a trajectory of product development that later on could
be difficult to correct. It gets even more problematic as humans are likely to discard conflicting evidences,
and especially in situations where there is uncertainty and time-pressure, rendering confirmation bias to be
an amplifier of previously established biased judgments, with a risk of further amplify their effects.
Implication for gate reviewing. Following the bottom section of Figure 6, focusing on biases
related to representativeness, illusions of control and status quo, there are some particular implications for
sustainable product development decision-making. For instance, as regards product development, the
representative heuristic (and corresponding biases) may cause newly developed prototypes to be compared
with previously developed prototypes, although these new products are developed under completely
different conditions and intended for completely different markets and thus are irrelevant comparisons to
make.
However, ironically, the conjunction fallacy may help people take seriously unlikely scenarios
that normally would have been ignored. Thus, in situations of radical innovation where demands of
novelty are higher, as opposed to incremental innovation where innovation is an extension of the current
product portfolio, the conjunction fallacy may be beneficial. Moreover, relying on detailed scenarios (but
perhaps statistically unlikely scenarios) may utilize the bias (e.g., the conjunction fallacy) in a way to
counter another bias, such as overconfidence (which refers to having the conviction of success, but in fact
having the statistically same or worse chance of success as everybody else). However, such countering
would be most likely to be present for generation tasks rather than for gate reviewing.
An example of how the regression fallacy would affect sustainable product development would
be seen when deciding on rounds of iteration for assessing the usefulness of concepts. Considering the
complexity of sustainability it may be difficult to tease out effects and running too few iterations would
therefore cause false positives, as continued exposure would push opinions towards the mean of events.
Product developers may therefore end up with rather polarized views of concepts if not considering an
adequate number of iterations.
In turn, in order to adapt to market conditions of constantly being innovative, product
development members are likely to overestimate their possibility to influence the outcome of product
development while, in fact, success resides greatly in external and situational factors.
In general the product development process is a matter of successively reducing risks by making
sound decisions. However, the status quo bias (loss aversion and endowment effect) would tune
individuals towards inertia by not making the necessary moves that innovation demands. In other words,

new products most likely would be judged against the current portfolio, changes to the current portfolio of
products may therefore face the risk of being assessed from a loss perspective and consequently lead to
inertia. These aspects are particularly important in the move towards ambidextrous organizations where
radical and incremental innovation need to co-exist (O’Reilly & Tushman, 2004). Having individuals or
departments that experience unwillingness to change due to “ownership” of processes of products poses
severe challenges to innovation, including innovation for sustainability.

Future Research
Our conceptual system is in need of empirical validation. Although the effects of biases on decisionmaking have been shown to be considerably robust, and shown in diverse fields such as in
entrepreneurship (Svensson, 2015) and medicine (Schwab, 2008), they have to the best of our knowledge,
not been investigated in product development settings. Most likely, the lack of empirical evidence
depends on the difficulty of accomplishing the conditions of controlled experiments in which the biases
can be isolated. Besides controlled experiments, other ways to investigate the influence of biases may be
to self-assess one’s proneness for biases (as there are a larger number of available surveys) and correlate
the scores with actual concept development decisions (such as those made in gate reviews) over time.
Moreover, other avenues for research include how clustering of biases may affect the
product development process. While we focused on the prevalence of single biases under specific
conditions, product development is a phased process which also leads to that any previously biased
judgments will have the potential to mount up, be carried across phases and simultaneously influence
decisions. For instance, when product developers base their suggestions on available mental
representations (availability bias), which then serves as anchors, they may come across as more valid
(validity effect) than they actually are and may be further confirmed through neglect of disconfirming
information during selection tasks. In addition, if information is continuously repeated, other biases, such
as mere exposure effect, may cause product developers to develop unjust liking to concepts, which in turn
make it difficult to kill projects as they have been investing in them both mentally and economically (sunk
costs). Thus, the potential amplifying and downplaying roles of different biases are very important to
study. Such relationships among different kinds of biases are, to our knowledge, not yet investigated.
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ABSTRACT
The audience for this research is fellow researchers
and others helping product developers to start including sustainability when they are selecting product
concepts.
The aims of the research were to understand the
needs of product developers integrating sustainability
into concept selection and what might be done to help
them.
The research approach was to iterate between the
three studies of design research methodology. The
first study focused on understanding the challenges
that product developers face when integrating sustainability into concept selection. The aim of the second
study was to identify potential support to help them to
deal with the challenges.The third study was aimed at
trying out the potential support to see in what ways it
helps product developers address the challenges they
face. Each of the three studies included reviewing literature and empirical data from two cases.
The results emerged along two themes - supporting
the decision-making process and supporting analysing
with respect to social sustainability. Selecting concepts
is a complex decision made under challenging conditions. Bringing in the unfamiliar and complex aspects
of sustainability can make good decision-making even
more challenging. When integrating sustainability, two
particular barriers to good concept selection decision-making are errors due to illusory correlation and
confirmation bias.
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Despite the challenges, decisions must be made. And
a good decision- making process is needed to make
good decisions.This is especially relevant when bringing
in complex and unfamiliar aspects, such as sustainability
considerations. A likely candidate for helping product
developers achieve a good decision-making process
when integrating sustainability is active, value-focused
decision-support. In other words, structuring the process into bite-sized steps and using particular techniques to avoid bias. At each step, what stakeholders
value is used as an anchor for the decision-makers’
focus. Further research is required to investigate the
details of how to employ these process-support approaches in the particular context of integrating sustainability into concept selection decision-making.
In addition to a process, complicated selection decisions demand analysis. Support for analysing concepts
with respect to social sustainability was identified as
a gap. The research explored a potential approach
that might contribute to this analysis, but found that it
was not useful for the particular decision in hand.This
was because the level of accuracy of analysis that was
possible was not good enough for comparing the concepts in the case study decision.This opened up some
interesting questions for further research, such as how
the approach can be re-designed to be learningful for
the product developers by raising awareness of potential contributions to unsustainability.
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