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Abstract: Traditionally, sustainable product design research and education has been
focused on manufacturing and end-of-life aspects With a new found focus on the use
stage, as in the research area of Design for Sustainable Behaviour (DfSB), a better
understanding of how a focus on behavioural aspects can reduce life cycle impacts
has emerged. Preliminary findings from on-going DfSB research were used as basis for
the development of a method to guide designers in selecting promising design
principles that can contribute to change user behaviour into more environmentally
friendly patterns. This method is presented, and experiences with using the booklet in
a sustainable product design course are shared. The paper reflects on how students
cope with this research-based approach, and how research has benefited from this
course.
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From teaching sustainable product design to teaching sustainable behaviour design

Introduction

In recent years sustainable product design research and education has seen an
evolution from applying ecodesign guidelines targeted mostly at redesigning products,
to more sophisticated levels of incorporating sustainability principles in product design.
This has been fuelled by progressing insights on the complexity of the ever broadening
topic, as the field has expanded in scope from a product to a systems perspective, from
an environmental to a sustainability context, and from a concept development to
technology transfer and commercialization perspective (Boks and McAloone, 2009).
Research focusing on the use phase of products has throughout these transitions
mostly focused on technological solutions to achieve resource use (mostly energy use)
efficiency. But more recently research has suggested that through better understanding
user behaviour, and applying that knowledge in design solutions that may make users
behave in environmentally preferred ways, significant additional energy consumption
reduction may be achieved. Design researchers increasingly understand their role in
investigating such opportunities to influence users to alter their behaviour into more
sustainable behaviour and consumption patterns (Tromp et al., 2011). As a result, we
can now observe a young area of research emerging, referred to as Design for
Sustainable Behaviour (DfSB) aiming at exploring design strategies for reducing
behaviour-related environmental impacts of product and systems as well as more
general applications to persuade users into more socially desirable behavioural
patterns (Lockton et al., 2010). DfSB research incorporates insights from scientific fields
including social psychology, persuasive technology, sustainable consumption,
stakeholder analysis and interaction design. The current state of the art is one of
exploring case studies, identifying design principles and developing guidelines to
choose appropriate principles for specific design challenges.

The authors are part of a research group that has adopted Design for Sustainable
Behaviour as a key research area. One of the on-going PhD projects aims at providing
designers with a means to make informed decisions about which design principles to
apply. In the first stages of this project, preliminary guidelines for selecting principles
have been proposed (Zachrisson and Boks, 2012). These guidelines propose a way of
translating information about human behaviour and insight from social psychology
literature to recommendations for design principles. However, these preliminary
guidelines have been derived from literature and theory, and have not yet extensively
been tested in practical design projects.

Embedding Design for Sustainable Behaviour in education

Although education in sustainable product design has been done in many ways,
most approaches found in design or engineering design curricula worldwide have a
number of commonalities. From a traditionally very material and end-of-life focused
teaching subject, the subject is, at least in literature, increasingly understood to relate
to all aspects of regular product design and development. This includes the additional
integration of sustainability criteria, with the aim of teaching students how to balance
between possibly conflicting economic, environmental and social/ethical criteria, and
how to exploit potential synergies. In practice, the integration of sustainability concerns
in design and engineering education has been characterised as little and slow (Lozano,
2010, Quist et al., 2006, Velazquez et al., 2005, Boks and Diehl, 2006) a symptom of
which may be the observation that the subject can be characterised as imprinted by a
rather material and engineering focus. Although this may be improving, teaching
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sustainable design with a focus on the use phase, including behavioural issues, have
only received limited attention in literature so far. Loughborough University, one of the
leading universities researching this topic, reported on the development of the website
design-behaviour.co.uk as an inspiration tool for design students and designers (Lilley
and Lofthouse, 2009). These authors have also reported on a pilot to develop teaching
material for ethical thinking to support design for sustainable behaviour (Lilley and
Lofthouse, 2010). They report mainly on how to include ethics, and pointing out
challenges for educators in terms of providing students to use arguments and
reasoning in the many cases where metrics and absolute answers are not available.
They suggest using a checklist for students to evaluate design consequences, but do not
discuss experiences with teaching a design methodology targeted at finding behaviour-
changing solutions.

As DFSB is a focal research area at NTNU’s Department of Product Design (IPD), and
the focus of three doctoral research projects since 2008, the sustainable product design
course taught in the spring semesters of 2011 and 2012 has endeavoured just this:
choosing DFSB as the main coat hanger for structuring these courses. In semester-long
assignments, students were challenged to identify potentially unsustainable practices
and behaviour and use these as a point of departure for analysing attitudes, norms,
habits and situational context related to (unsustainable) user practices such as
(dish)washing, food wasting, temperature control, et cetera. As (re)designing behaviour
instead of (just) (re)designing products requires a much broader perspective, the
course has focused on analysis, and linking this to conceptualisation, rather than on
detailed design. This meant that students needed to be newly introduced to not only
research methods, but to a research and analysis attitude as well.

This paper aims to report on our experiences in doing so, by introducing our
teaching methods and the guide used in our course. It is attempted to uncover
advantages and disadvantages of the chosen teaching strategy. In order to do so, the
paper is structured as follows. First a brief introduction in the underlying teaching
philosophy is provided, i.e. the teachers’ conviction of how sustainable product design
in general should be addressed in an educational context, regardless of the choice of
teaching format. This section also introduces how sustainable product design has been
taught at IPD before the introduction of DfSB in education to facilitate reflection. These
two introductions are then used to explain how DFSB has gradually gained a more
important focus in our teaching, up until the 2012 spring semester where it has become
the main focus. A discussion about our experiences from both a research-based
education, and an education-based research perspective follows, before we highlight
our most important conclusions.

Teaching philosophy

Instead of teaching students that sustainable product design is a morally superior
trade of design, using pictures of retreating glaciers and lone ice bears on miniature ice
growlers, sustainable product can also be taught as being really not that different from
regular product design. Essentially, it considers all factors that are relevant for the
conceptualization and development of products and services. It addresses hereby the
complete life cycle and all relevant stakeholders that will, during the life cycle, interact
with the product or service. Of course, individuals may have, and contexts may dictate
different ideas about what is relevant. Within the context of sustainable product
design, relevant aspects are generally understood to be of a functional, economic,
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environmental, social and/or ethical nature. Sustainable product design education
should therefore be taught holistically rather than ‘merely’ developing concepts for
environmentally superior products. Such a holistic perspective can be achieved by
challenging students to genuinely consider all relevant design parameters on an equal
basis, including aspects of an economical, aesthetical, ergonomic, convenience, and
sustainable nature. Doing so allows the identification of design dilemmas when
searching for opportunities to avoid avoidable impacts on the environment, and an
understanding of how environmentally preferred design solutions affect other relevant
design parameters, allowing realistic solutions. In practice, this approach boils down to
students becoming able to reason like “Is it worth to sacrifice aesthetics for
environmental impact if that means to abandon a ‘nice looking’ coating? But what if a
nicer look will increase the products’ life time, reducing the need for replacement? But
would a company be interested in selling a product with longer life time and thus
lowering sales? Or would that improve the company’s image with increased sales as a
result?”

To become able to make such dilemmas as explicit and solvable as possible requires
that students can use appropriate methods for quantitatively and qualitatively
measuring and assessing individual design parameters, as well as evaluation methods
that can make trade-offs visible (and thus decisions possible) between parameters that
are usually measured in completely different dimensions such as exemplified above.
This often means that students need to develop their own methods as these are not
readily available, which requires the very holistic perspective that students are to
acquire.

This teaching philosophy has been the basis for a series of sustainable product
courses which have been taught at IPD since the 2007 spring semester, though with an
increasing role for the use phase. These courses take place in the 6th semester of the 5
year Masters programme in Industrial Design. These courses typically host 25 IPD
design students and 15 other students, mostly from NTNU’s Industrial Ecology
international master program or exchange students with various backgrounds. The
course formats are briefly elaborated on the in the next subparagraph.

Course formats in teaching Sustainable Product Design at
IPD (2007-2010)

Over the years, the course has experimented with different course set-ups and focal
perspectives. Earlier on, courses were mainly inspired by more traditional ecodesign
approaches, based on product comparison and redesign. In 2009 and 2010, partly
inspired by how sustainable design had been taught at the Technical University
Denmark, the main course deliverables included a product analysis report and a
playable board game inspired by eco-design methodology. The purpose of the game
was to educate a chosen audience, for example a group of product developers in a
company; on aspects of sustainability, on a general level or in the context of a certain
product (Boks and McAloone, 2009b). Compared to a standard report assignment
based on evaluating existing and redesigning new solutions with environmentally
superior characteristics, it was found that for the best students, the eco-game exercise
strengthened a vital competence of being able to mediate and communicate about the
topic at hand, and that the format supported the aim of taking a beyond-product
perspective. The game exercise was very effective in exposing students’ lack of
knowledge and understanding, but a negative aspect was that the exercise invited for a
focus on aesthetic appeal and game experience rather than a focus on the core of the
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exercise (i.e. being able to absorb and communicate knowledge about the life-cycle
perspective of products in their product system).

Since 2007, student assignments have become gradually more extensive and have
been showing a greater variety of tools and methods used. Earlier assignments were
principally based on straightforward benchmarking of products, identifying stages in
the life cycle and components in the product with potential for improvement,
combining good solutions in the product analysed, and using creativity to develop
alternative product concepts with superior environmental improvement. In the 2009
and 2010 courses, more attention was given to the additional evaluation of non-
technical/physical aspects. Groups mostly used their own ‘expert evaluation’, giving
their own opinion on aspects such as aesthetics, functionality, cost of ownership and
user friendliness (instead of attempting to measure these in some way, apart from
environmental impact, which was mostly done with Eco-it software). Commonly,
groups used 1-5 scales to grade the various aspects, and used a similar weighting
scheme to arrive at final scores for each product analysed.

Though insightful for students in terms of understanding the broad spectrum of
variables to be considered in good product design, students seldom showed initiative
to exploit such matrices to formulate explicit design dilemmas. Experience tells that
they need to be explicitly challenged to identify the single or combined product
features or design solutions that cause a product to score well on one aspect, and
worse on another, and to formulate this as a dilemma to be solved. And even then,
most groups did not succeed in doing this. That said, many did arrive at interesting
redesigned or sometimes even novel product concepts, opening up for a discussion to
what extent creativity and gut feeling can replace prior analysis. However, the teaching
philosophy for this course has remained with the assumption that both gut feeling and
analysis work synergistically, and that students are served with gaining experience of
context and user analysis before entering ideation phases; partly also because the focus
in many courses is in fact on ideation rather than analysis.

Embedding Design for Sustainable Behaviour in
education

The 2011 edition of the course embraced “design for sustainable behaviour” as an
additional explicit component of the course. This provided us with an opportunity to
use student assignments as a way to test preliminary research results in practical
projects covering several different practices, providing the opportunity to do both
research-based education and education-based research. Students were challenged to
identify potentially unsustainable practices and behaviour and use these as a point of
departure in their projects. To give the students an understanding of the reasons for
why behaviour change can be relevant form an environmental perspective and an
overview over the insight that the research had brought forward, a number of lectures
on DfSB were given in the beginning of the course.

As a result of this substantial focus on user behaviour, in the 2011 course all groups
did investigate the behaviour of the users and some of the groups even applied a well
justified triangulation of different methods. However, analysing the reports from the
project it became apparent that most of the groups ended up with a more traditional
redesign project and not particularly focused on behaviour change. Even though some
groups did identify behavioural problems, their process and solutions focused on
reducing environmental impact from a technical point of view rather than making users
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behave more sustainably. Moreover, whenever students did try to affect user
behaviour, their choices of behaviour changing design principles did not always appear
to result from conscious deliberation and evaluation.

Course format additions for 2012

Based on 2011 experiences and the increased focus on DfSB research at IPD, it was
decided to increase focus on behaviour change even further in the 2012 course. Several
of the lectures during the first weeks centred on what DfSB is, and on choosing and
using user-centred methods such as surveys, interviews, probes, observations and
focus groups in design projects, as previous experience told that students are relatively
unfamiliar with using these methods appropriately. Also, the use of personas as a way
to integrate and communicate research data was focused on. It was decided to develop
and print a first version of the mentioned booklet guide and recommend the students
to use it, in order to strengthen the DfSB focus in the course and help the students to
structure their behaviour changing design projects. The structure of the assignments
was aligned with the approach in the booklet to facilitate the students understanding
and progress.

Figure 1 shows the development in the course format, showing the main
deliverables required and the main methods applied, over time.

2007 2008 2009 2010

B

Product disassembly User behaviour studies

—

Existing product/service benchmarking

a
©
o
<
=
7}
£
=
©
=

Redesign Eco Board Games Concept/prototype (+analysis)

Letter to OEM Marketing plan

Main deliverables

Figure 1. Course overview 2007-2012 with main methods and deliverables

Booklet: Principles of Design for Sustainable Behaviour

The booklet (Figure 2) is based on a PhD project at IPD which aims at developing a
guide to help design practitioners identify the most promising design principles to
people use their products in a way resulting in the least environmental impact. The
theoretical basis for the guide is built upon a combination of insight from social
psychology regarding the main factors affecting our behaviour, and strategies for
behaviour changing design, from design research. The booklet is meant to
communicate the results of this research in a form that is suitable for use in a design
project. A major emphasis is put on helping designers to translate their understanding
of the user and the context into an appropriate selection of design principles.
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Figure 4: Control-Obtrusiveness landscape

Figure 5: Example of diagram explaining how to use the landscape
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Figure 6: Placing personas on the obtrusiveness-control landscape

STEP 5: GENERATE IDEAS

Once the requirements for the new design have been identified, idea generation
follows. This creative problem solving step is basically the same as in any other design
process; commonly used methods include brainstorming, creative workshops, Forced
Functions, etc. The purpose is to figure out how the product could be designed to fulfil
all requirements, both regarding behaviour change and other requirements the design
project might have such as price, durability, aesthetics, ergonomics etc. Whether the
idea generation should focus on the identified areas in the landscape, allowing for a
focused idea generation process, or whether a more general idea generation process
should be the basis for selecting appropriate ideas that fit to the identified areas, is left
up to the preferences of the individual designer. We have found that students typically
choose the latter way: they do not let themselves be restricted by the confines of the
identified search area; they rather select relevant ideas from a broader search.

STEP 6: EVALUATE AND SELECT IDEAS

After ideas have been generated, it is often a challenge to evaluate the ideasin a
structured way and actually identify which ideas are most promising. In a regular design
project, this is often solved by an assessing how ideas will fulfil a list of requirements,
typically formulated as ‘musts, should and coulds’. The same can be done regarding the
requirements derived from the desired behaviour change, but to make sure that the
ideas actually solve the original challenges it might be useful to evaluate based on the
personas and the guide, rather than merely the requirements or design dilemmas
derived from these. Once the most promising ideas have been selected a regular user
centred design process can be followed, which usually includes concept development,
prototype building, user testing and final detailing. The booklet explains how designers
should be aware that it can be problematic to test whether changes in behaviour are
actually accomplished in a traditional user test and might require more longitudinal
testing outside a laboratory context.

996



From teaching sustainable product design to teaching sustainable behaviour design

Experiences with the booklet in the 2012 course

With the introduction of the booklet as the main guide for the course assignment,
and with the different assignments for the interim reports scheduled in accordance
with the steps in the booklet, the focus of the course per 2012 became strongly
directed towards DfSB. Here, we would like to discuss our experiences with integrating
DFSB in teaching sustainable product design from two perspectives: a research-based
education, and an education-based research level.

Research-based education (general course) level

The transition from a traditionally focused ecodesign project to a sustainable
behaviour focused project description allows for a number of reflections. The main
issue to discuss is whether the new course outline has met the learning objectives, and
proved to be good vehicle for the teaching philosophy.

With the new starting point now having explicitly become ‘practices’ and
‘behaviours’, students over time shifted from analysing “cookers, toasters and kettles”
to topics such as ambient temperatures while sleeping (finding solutions for reducing
energy consumption for heating sleeping rooms), laundry practices (avoiding washing
clothes that do not need washing), dishwashing practices and preventing food waste,
neither of which take a clear product-level starting point. A consequence of taking a
starting point in behaviour has been that less attention for product level environmental
analysis, such as through disassembly and benchmarking, has been paid. This is partly a
logical consequence of a behaviour focus, and partly also because of time restrictions
as user research is time consuming.

An important observation has been that the students, by taking a starting point in
behaviour rather than products, clearly acquired a broader perspective, both in terms
of stakeholders to analyse, and in terms of solutions considered. The broader
perspective also allowed for a broader spectrum of dilemmas to be identified. This can
be illustrated by the fact that several groups selected and developed services, product-
service systems or integrated solutions as the most promising solution to change
behaviour. Figure 7 shows an example of such a solution where an app was designed to
interact with an electronic device controlling a heater via Bluetooth: the persona for
which this solution was developed cannot be bothered to adjust sleeping room
temperature to low, healthy levels, but since the smart phone is used as alarm clock,
the app can be left with the responsibility to take care of this task, providing a win-win
situation for the user.

Another improvement is that in order to identify the main reasons why people do
not behave sustainably, the groups used a broader variety of investigative tools than in
2011, and were more skilled in doing so, probably thanks to the lecture-based tutorials
(although most groups still benefit considerably from a thorough teacher check for
ambiguity and logic in the questions to be asked). In addition to surveys and interviews,
frequent use was made of diary probes, photo probes, story-telling, user observation
through shadowing, and focus groups. In addition, some groups were proactive in
developing customised approaches to measure factors like temperatures and
cleanliness.
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Figure 7: Example of a product-service based solution developed by one of the student groups

Although many groups gathered useful amounts of empirical data through these
methods, meaningful quantification of characteristics of products and behaviour, in a
way that allows for making dilemmas explicit, remains challenging for students. Still
many groups succeeded in explicating dilemmas in more qualitative or intuitive ways.
The majority of groups chose to follow the approach suggested by the booklet, and
translated the gathered empirical data into personas that were subsequently placed in

the landscape (see example in Figure 8).
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Figure 8: Personas on landscape from student assignment

This helped the students to translate the empirical data, through explicating design
dilemmas, into a design brief and a list of requirements for solutions that were most
likely to change the chosen target behaviours. After this, the projects became typical
design projects, with ideation, concept generation, and subsequent concept testing.
They were also challenged to develop a marketing plan, requiring them to think how
their final concept should be promoted in order to actually be used by the target
persona.

Education based research (or booklet development) level

The purpose of the research project discussed above is to develop a tool to help
design practitioners apply insight from the field of DfSB in their projects. To achieve
this, it is not only necessary to extract the relevant information from the DfSB research,
but alto so present it in an easily comprehensible way that supports the way designers
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work. Although the design students may not be considered fully trained designers, they
have undergone several years of training to gain the perspectives and ways of working
of design practitioners. From a research perspective, experiences from developing the
booklet and monitoring the students’ experiences were of a great value. When
developing the booklet and planning how the approach should be communicated to
the students, the necessity of explaining DfSB in the context of a design process
became clear. The main reason for this is that the behaviour perspective requires
slightly different focus in several of the separate steps in a traditional user centred
design process. Not only when the desired behaviour is identified and the appropriate
design principles to achieve this are selected, but also when determining the user
research methods to apply and the user data is analysed. In the booklet this was
presented as a stepwise approach, which the students seemed to find useful. However,
during the project, it became apparent that the description in the booklet contained
too much text and possibly too much detail. The students found it at times uninspiring,
unnecessarily complex and therefore difficult to include in their projects. This
experience may be expected to have an even greater consequence for design
practitioners than for the students, as they often will have less time and focus available
to make the effort, and thus have less motivation. After all, the students were forced to
apply the method in the booklet or give good reasons not to, whereas design
practitioners will choose their tools and methods rather freely. Consequently, the
experiences from the course will have direct consequences for the next version of the
tool, which should still explain the process and the connection to a traditional user
centred approach, but in a less dictating and more inspirational way. An important
development will probably be to expand the amount of dimensions that describes the
different properties of the potential design principles, and rather allow the designers to
select the once they believe are most relevant for the particular project.

Conclusion

Using a behaviour-focused approach, we feel we have succeeded in teaching a
course that has, more than before, contributed to students taking a holistic perspective
on how to reduce environmental impacts related to consumer practices. This is in line
with our teaching philosophy. Students seem also to have become more experienced in
using user-centred research methods that they will benefit from in other design
projects as well. In that sense, the course has now moved on from being a specific
sustainable product design course, to a more regular design course where sustainability
criteria are addressed in an intertwined way (Lozano, 2010); instead of teaching
sustainable design, we are rather teaching how to study user behaviour from a holistic
perspective, and how to do research in the first place. The strong link with an on-going
PhD research project ensured research-based education offering state-of-the-art
insights to students, which has repaid the project with important understanding on
how insights from behavioural psychology can be conveyed to design practitioners.

It turns out that for bachelor level students it is a challenge simultaneously cope
with both 1) a behavioural (rather than product) focus and 2) a research and analysis
(rather than just ideation) focus, in combination with 3) the sustainability context which
also requires new tools and ways of thinking to learn, and 4) an open problem
formulation. Students feel on thin ice for a while and may resort to approaches they
are familiar with, but challenging them to use unfamiliar research methods and focus
on extensive written justification of their design decisions provides many with a new-
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found appreciation for research and analysis as a complementary activity in the design
process. It should be noted that students who participate in this course are generally
very good students as the high school grade point average needed to successfully apply
to the Industrial Design program at NTNU is among the highest in Norway across all
studies (one in six applicants is admitted). Therefore the relative success of this course
may not be copied automatically to other bachelor level curricula.
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