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Kunsten at f4 en idé

Kunsten er ikke

at fa en idé.

Enhver kan med letthed
fa to-.

Kunsten er den
mellem to eller fler
ganske almind’lige
hverdagsidéer

at se

hvilken en

der er god.

- Piet Hein

(Freely translated)

The art of having an idea

The art is not

to have an idea.
Anyone could easily
have two-.

The art is

between two or more
quite ordinary
everyday ideas

to see

which one

is true.

- Piet Hein
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READING GUIDE

This doctoral thesis is written for design practitioners and researchers who are interested
in how the design of products can make people use them in the most sustainable way.
The main purpose of the thesis is to describe how the individual pieces of research
described in the published papers, together contribute to answering the research
questions and contribute to new insight to the research field. The main content from the
publications are also included in the thesis describing one coherent story. Whenever this
is done, it is described in the beginning of the sub-chapter and reference is given to the
original publication. These publications can be found in full in part II of the thesis.
Whenever appropriate, the sub-chapters are ended by a highlighted textbox
summarizing the implications for the thesis of the sub-chapter.

The thesis consists of three parts:
Part I contains the main report and is divided into 7 chapters.

* Chapter | introduces the topic of the research, the research objectives, questions
and limitations; and provides an overview over the main activities throughout
the thesis.

¢ Chapter 2 describes the theoretical background for the thesis, the research field
of Design for Sustainable behaviour and the tools that have been developed in
this field; and other related theoretical fields that have been drawn upon during
the project.

* Chapter 3 presents the research approach and the use of User Research
methods during the project.

¢ Chapter 4 presents the main results of the project with a description of the
iterations of the tools developed in the project, the case studies conducted during
the project and summaries of the published papers.

* Chapter 5 discusses the results of the research project.

* Chapter 6 concludes the main report by summarizing how the research
questions have been answered by the thesis, the conclusions from the research,
the contribution to knowledge and recommendations for topics that would
benefit from further investigations.

* Chapter 7 contains the list of references.

Part IT contains the papers published during the project that are included in this thesis.

Part IT contains the Dimension of Behaviour Change cards, which is the final version of
the tool developed during this project.
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1. INTRODUCTION

Every day we interact with a large number of products. The way we handle the
products, the options we consider, the context where we use them, the things we pay
attention to, and numerous other aspects of our interaction with products, are strongly
affected by the way the products are designed. Whenever a designer creates a new
product, he or she makes decisions for how the product will be used, whether he or she
intends to or not. “There is no such thing as a “neutral” design” (Thaler & Sunstein,
2008, page 3). As the design inevitably has consequences for how we interact with the
product, it is a wasted opportunity not to design the product so it is likely to be used in
the most desirable way. This may have consequences; not only for the usability or the
user experience of the product, but also for the users themselves or their surroundings.

During the last decades there has been an increasing focus on environmental issues and
acknowledgement of the designers’ possibilities and responsibilities, as “the product
innovation process forms a new key to reducing environmental impacts” (Tukker, Eder,
Charter, & Haag, 2001, page 148). The result has been an increasing incorporation of
environmental considerations to design and a proliferation of terminology describing the
topic (Bhamra, 2004). The term ‘Eco-design’ - also known as ‘Design for the
Environment’, ‘Life Cycle Design’, and ‘Environmentally-Conscious Design and
Manufacturing’ (Brezet & van Hemel, 1997), “considers environmental aspects at all
stages of the product development process, striving for products which make the lowest
possible environmental impact throughout the products life cycle” (Brezet & van Hemel,
1997, page 37). Although, for energy consuming products, the use-phase of the products
life cycle is responsible for the largest share of the environmental impact (Brezet & van
Hemel, 1997). Traditionally most of the focus has been on reducing the environmental
impact of the products’ functions from a technological point of view (Wever, van Kuijk,
& Boks, 2008), but in recent literature, increasing attention has been given to the
potential for environmental benefits from altering peoples’ behaviour and the way they
interact with products (Elias, Dekoninck, & Culley, 2008; Jackson, 2005b; Jelsma &
Knot, 2002; Lilley, Lofthouse, & Bhamra, 2005b; Rodriguez & Boks, 2005).

To understand the title of this thesis, “Informing Design for Sustainable Behaviour”, it is
necessary to explain what is meant by the terms “Design”, “Sustainable” & “Behaviour”.

The word design is frequently encountered in today’s society. Depending on who uses
the word and in which context, it may have very different meanings. It can be both a
noun, a verb and an adjective (Lawson, 1997). Herbert Simon considers it to be “any
course of action aimed at changing existing situations into preferred ones” (Simon, 1996,
page 111). Victor Papanek has an even broader understanding of the word and states
that “All men are designers. All we do, almost all the time, 1s design, for design is basic
to all human activity” (Papanek, 1984, page 3). As a contrast, Merriam-Webster defines
design as the act “to create, fashion, execute, or construct according to plan” (Merriam-
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Webster, 2013). In this thesis, the word design will be used more in accordance with the
latter understanding. And even more specifically, the thesis primarily focuses on product
design, professionals designing products, or services, systems or surroundings related to
them.

In it’s purest meaning, the word sustainable means that something is “capable of
being sustained” (Merriam-Webster, 2013). However, the meaning it often is given in
todays media, and which is the meaning applied to it in this thesis, is related to
environmental impact of development. The term sustainable development was first
introduced in 1987 by the World Commission on Environment and Development (the
so-called “Brundtland report”). They defined sustainable development as “development
that meets the needs of the present, without compromising the ability of future
generations to meet their own needs” (1987, Page 41). They further pointed out that this
must be the basis of the goals for economic and social development. This understanding
has been further built upon by John Elkington, when he introduced the concept of a
triple bottom line (Elkington, 1997). Triple bottom line means that companies should
not only measure the economic results of their activities, but also the social and
environmental consequences.

The combination of the terms; design and sustainable, describes an area of design and
research, commonly known as Design for Sustainability (D4S) (Baumann, Boons, &
Bragd, 2002) or Eco-design. “Eco-design (in the US often called ‘Design for
Environment’) refers to the systematic incorporation of environmental factors into
product design and development” (Tukker et al., 2001, page 148), whereas D4S
“requires that the design process and resulting product take into account not only
environmental concerns but social and economic concerns as well” (UNEP, 2009). To
reduce the negative impact of the design, the approach often adopts a life cycle
perspective (McDonough & Braungart, 2002; UNEP, 2009) similar to the one applied in
Life Cycle Assessment (LCA) (Curran, 1996). In the life cycle perspective,
environmental impact of the product is considered at all the different stages from the
extraction of the raw material, through production, distribution and usage, until the
material is disposed of or recycled.

Merriam-Webster defines behaviour as “the manner of conducting oneself, anything
that an organism does involving action and response to stimulation and the response of
an individual, group, or species to its environment” (Merriam-Webster, 2013). As this
thesis 13 concerned with the behaviour of users interacting with products, and in
particular, the environmental consequences of this, it is necessary to be more specific
regarding the type of behaviour we are dealing with. Paul Stern proposed a definition of
environmentally significant behaviour based on its impact: “The extent to which it
changes the availability of materials or energy from the environment or alters the
structures and dynamics of ecosystems or the biosphere itself” (Stern, 2000, page 408).
This definition may be understood as a behavioural perspective of the above-mentioned
“Brundtland report” definition of sustainable development.
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The importance of the environmental impact of behaviour has recently received
increasing acknowledgement and attention. However, already in a United Nations
Environmental Program (UNEP) report from 1997, Brezet and van Hemel point out
that a significant share of the environmental impact from many consumer products
happens during the use phase (Brezet & van Hemel, 1997). Hanssen (1998) found that
among the 18 products he investigated, the use phase was responsible for the largest
environmental impact for products that transform chemically in their application or
consume energy when being used. In 2011, the British House of Lords, published a
report investigating the potential and importance of behaviour change. They concluded
that “Understanding behaviour and behaviour change are necessary for developing
effective and efficient policies in all areas” (House of Lords, 2011, page 5). The 2007
report from Working group III of IPCC (Intergovernmental panel on Climate Change)
concluded that there is high agreement and much evidence that “Changes in lifestyle
and behaviour patterns can contribute to climate change mitigation across all sectors”

(IPCC, 2007a).

This attention has been accompanied by a growing pool of studies estimating the
magnitude of environmental consequences caused during the use phase, and from
variations in how the products are being used. For instance, there are studies indicating
that the use phase of the product is responsible for 80-90 % of the energy demand of
cold appliances (Riidenauer & Gensch, 2007), similarly, 76% of the carbon emissions of
a washing machine (Electrolux, 2011) and 60 % of the environmental impact from
wood stoves (Solli, Reenaas, Stromman, & Hertwich, 2009). In a study from 1978,
Sonderegger found that 46% of the energy consumption of US houscholds could not be
explained by obvious physical features, such as number of bedrooms and area of
insulated glass. He estimated that 38% of this energy consumption was caused by the
lifestyle and 33% by the behaviour of the residents (Sonderegger, 1978). Similarly,
Verhallen and Raaij (1981) found that behaviour explained 26 % of the variation in
energy use by Dutch houscholds. Dietz et al. estimated that behaviour change of
households could result in a 20% reduction of carbon emissions from the households or

7,4% of US national emissions with “little or no reduction in household well-being”
(Dietz, Gardner, Gilligan, Stern, & Vandenbergh, 2009).

As a consequence of the increased awareness of the environmental importance of
behaviour, there has been a shifting focus in energy efficiency agenda from technology
and information campaigns (Wilhite, 2008), towards directing people’s behaviour in the
desired directions; (Jackson, 2005b) applying a wider variety of approaches.
“Behavioural change is fast becoming the ‘holy grail’ of sustainable development policy”
(Jackson, 2005b, page 13). “Information tends to result in higher knowledge levels, but
not necessarily in behavioural changes or energy savings” (Abrahamse, Steg, Vlek, &
Rothengatter, 2005, page 5). This is not surprising, as it is widely understood in the
behavioural sciences that behaviour is a result of a variety of personal and contextual
factors (Abrahamse et al., 2005; Klockner & Blébaum, 2010; Stern, 2000) and that
people often behave differently than they intend (Jackson, 2005b). Alternative
approaches for policy makers to affect behaviour have been proposed (House of Lords,
2011; Dough McKenzie-Mohr, 2011; Michie, van Stralen, & West, 2011; Verplanken
& Wood, 2006) and in some cases adopted, for instance by the US government
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(http://www.whitehouse.gov, 2009) or in the behavioural insight team of the UK
government (www.gov.uk, 2013). The latter is commonly known as the “Nudge unit”,
referring to a concept introduced in the book “Nudge: Improving Decisions about
Health, Wealth and Happyness” by Thaler and Sunstein (2008), in which they argue for
the effect of designing the way choices are presented.

As much of the environmental impact caused by behaviour is related to the use of
products, and as this impact will vary depending on how the product is being used (Gill,
Tierney, & Pegg, 2010); there is a substantial potential for environmental benefit from
altering the way people interact with products. This interaction is strongly affected by
the design of the product (Norman, 1988). For instance in a test of the Eco Kettle
(www.ecokettle.com), Defra found that on average consumers could save 30% of the
energy compared to using their regular kettles, because the design of the kettle changes
the way people use them (Defra, 2008). Hence product designers are in a unique
position to affect user behaviour. This creates a demand for increased understanding for
how this best can be done. “One of the many goals of design research is to better
understand the ways in which end users interact with the products of designing”
(Kannengiesser & Gero, 2012). This goal has resulted in a rapidly growing field of
research, often referred to as Design for Sustainable Behaviour (DfSB) (Pettersen & Boks,
2009). The field may be said to originate from Jaap Jelsma, who in 1997 connected
Akrich’ (1992) concept of script to the task of reducing environmental impact through
the way people interact with products (Jelsma, 1997). The idea behind the ‘script’ is “a
kind of user manual inscribed into an artefact” where the design of the product guides
the way it is being used, (Jelsma, 1997) which is strongly related to Donald Normans
(1988) concept of affordances. The field as we know it today started about a decade ago
(Bhamra, 2004; Lilley, Lofthouse, & Bhamra, 2005a; Lilley et al., 2005b; Rodriguez &
Boks, 2005) and has already resulted in a number of PhD theses (Elias, 2011; Lilley,
2007; Lockton, 2013; Pettersen, 2013; Tang, 2010; Tromp, 2013; van Dam, 2013;
Wilson, 2013). However, even though this represents a substantial amount of research
and literature, increasing our understanding of how products affect behaviour, there has
been limited focus on supporting the practical application on the everyday projects of
design professionals (Lockton, et al., 2010c).

Human behaviour is a complex domain and may be affected by a number of different
factors (Stern, 2000). How this complexity affect the design of products is complicated
and needs further investigation (Lilley et al., 2005a). DfSB, as it is understood in this
thests, builds upon a constellation of a research area, where the three main components
are User Centred Design, Behavioural Psychology and Sustainability (see Figure 1.1).
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Figure 1.1. Theoretical positioning of Design for Sustainable Behaviour

User-Centred Design (UCD) is a promising approach to deal with the complexity and
the need to create design that accommodates the user (Smit, Stevels, & Sherwin, 2002;
Wever et al.,, 2008). It is characterized by a focus on understanding the user and the
context, and using this as the key determinant in the decision making process (Courage
and Baxter, 2005). Behavioural Psychology is a discipline that has spent considerable
effort on uncovering and investigating the various factors that affect human behaviour
(Kléckner & Blobaum, 2010), and has been identified as a promising discipline to
inform DfSB with the necessary behavioural understanding (Tang, 2010; Wilson, 2013).
Sustainability is as much a goal or target for DfSB as it is a specific academic discipline.
It is necessary however, to understand the relative environmental impact of different
behaviours and the environmental impact of design solutions compared to the impact of
the behaviour it is aimed to alter. To inform these considerations it can be valuable to
draw upon the knowledge in Life Cycle Assessment (LCA) of how to make as accurate
calculations of the various environmental impacts as possible (Henrikke Baumann &
Tillman, 2004). Although, considering the limited attention most design practitioners
are able to dedicate to this particular topic, it might be more feasible to apply
calculations with more limited boundary conditions, such as User Efficient Design (Elias,

2011).

The DISB literature contains limited contributions prescribing or supporting the
practical integration of this insight into design processes. This lack of focus on making
the results of design research easily integrated into design practice is a well-known
challenge among many design researchers, and was for instance identified by Renee
Wever in his editorial of the special issue on DfSB in Journal of Design Research (2012)
- and was part of the conclusion of the review of sustainable HCI by DiSalvo et al.
(2010). The contributions that do target this issue, are either primarily inspirational
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(Lockton, 2013) or include only some of the aspects of how design affect behaviour
(Tang, 2010). These contributions are important for the development of DfSB and the
communication of DfSB to design practitioners, but have limitations that indicate the
need for additional research. This thesis aims at increasing knowledge of how to inform
a UCD process with insight from behavioural psychology to improve DfSB, and at
developing a tool that makes this insight readily available to design practitioners. The
approach taken to achieve this is a combination of literature review, creative workshops,
user studies, iterative tool development, case studies and controlled experiments.

Informed by the insights and as a response to the limitations of DfSB, the main objective
of this research project was to explore how insight about the user and the context can
support the decisions of how products should be designed to increase the likelihood of it
being used in the most sustainable way.

In order to pursue this objective, the main research topic for the project was:

How can designers be supported in the process of acquiring and
translating an understanding of the user and the context into informed
decisions about how to design solutions that make people interact with
them in the most sustainable way?

However, as this is a complex question addressing a diversity of topics, it is necessary to
break it down into its individual components and investigate these separately. The sub-
research questions that were investigated through this research project was therefore the
following:

RQ1: Which attributes of the design of a product affect the way users
interact with the product?

RQ2: Which characteristics of the user and the context affect behaviour
and how can these support the design of behaviour changing products?

RQ3: How should the support be presented to the designers, to
accommodate its integration into the design process and the ways
designers work?

The first question targets the design of products and how this relates to the user, the
second question targets the user and how it relates to the design of products, and the
third question relates to how the answer of the two first questions should be presented to
support designers (See Figure 1.2).
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Figure 1.2. The research questions

To structure the investigation of these research questions, the key aspects of each were
identified and targeted. The results are described in the published papers (See Figure 1.3,
(inspired by Aschehoug, 2012)) and throughout this thesis. A summary of the answers to
the research questions can be found in Chapter 6.1.
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Figure 1.3. Answering the research questions with the papers.

The topic of this research project has been to investigate how a product should be
designed to make users interact with it in the desired way. This implies that the focus
has been on the situation where a user encounters a product and needs to interact with
it to achieve something. To enable an in-depth analysis of this situation, it has been
necessary to maintain relatively strict boundaries to this scope and leave a number of
related topics out of this thesis. Thus, the main limitations of this thesis are as following:

* As the focus is on how to affect the behaviour of users when they interact with a
product, it does not encompass why the user encountered the product in the
situation, how it came to be there or the procurement of the product, even
though the most sustainable solution may be found in choosing a different
product or avoiding it all together. The user experience of interacting with the
product and the user’s acceptance of the product are directly affecting the user’s
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motivation and willingness to interact with it and is thus included. However, this
1s different from the motivation for purchasing it, which has been left out of this
thesis, apart from one study on purchases of ecological eggs (Chapter 4.2.2).

All potential ways of affecting behaviour through design are included. This is in
contrast to, for example the work done in persuasive technology, where coercion
typically is excluded from the consideration.

The thesis investigates how to affect the behaviour of users to reduce
environmental impact and does not include any commercial aspects of the
solutions. Questions such as the commercial motivation to achieve the behaviour
change, the cost of the solutions, how to convince stakeholders to realise the
product, etc. have not been targeted directly. However, the tools developed
during the project are meant to be sufficiently flexible to enable these
considerations to be included, and in some cases the tools can be used to support
them directly. For instance, the tools help designers make informed decisions
about how to affect behaviour through their design, hence indirectly support the
designers convincing others why the design is a good solution by providing
obvious reasons for the design.
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This project has consisted of a multitude of activities, in a number of locations, which
have contributed to the progress of this project. To provide an understanding of the
development of the project, Figure 1.4 contains an overview over the main activities,
and where and when they took place.
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Figure 1.4. Main activities during the project
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2. THEORETICAL BACKGROUND

As often is the case with design research, this research project draws upon a number of
different theoretical disciplines - both from within design research itself, and from social
sciences and engineering. In the following sections the field of DfSB is presented, and
brief introductions are given to a number of relevant disciplines. A particular emphasis
is given to the tools and models within the different fields, as they are considered
particularly relevant for this research project. First, the current state of DfSB is
presented before descriptions are given of the tools in the DfSB literature. After this, the
influence of other considerations and disciplines are described.

The research field of DISB has developed substantially the last decade, both in regards
to the amount of research being conducted and published; and the diversity in topics,
approaches and techniques applied. For instance, some authors primarily focus on
environmental sustainability (e.g. Elias, 2011), some on social sustainability (e.g. Lilley,
2007), and others on a combination (e.g. Lockton, 2013).

2.1.1. IDENTIFICATION AND STRUCTURING OF DESIGN
PRINCIPLES FOR SUSTAINABLE BEHAVIOUR.

A central topic, which has received substantial attention since the field emerged, is the
identification and structuring of principles for how the design of products can affect the
behaviour of the user. Although there is a difference between identifying design
principles and structuring the principles, it is difficult to consider them separately as the
structuring is necessary to understand how to distinguish between different principles.
Two principles may be considered the same, or different, depending on which
properties of the principles the categorization focuses on. In the following description,
the primary focus is on the identification of logics for how to structure design principles,
rather than the identification in the principles themselves.

One of the first contributions to understanding how the design of products affects
behaviour, was Jelsma’s dimensions of scripts (1997, 2006). He proposes that a script has
a direction (how much the behaviour change is in line with the beliefs and values of the
user), a force (how difficult the script makes it for the user to act differently than what is
intended), a scale (whether the changes are made directly in the interaction between the
user and the product, the function of the product or in the entire practice) and a
distribution (how much control the user has over the behaviour). These dimensions are
essentially an elaboration of the three notions derived from the concept of script
proposed by Akrich: in-scription, prescription and de-scription (Akrich, 1992) De-
scription is the purpose (for instance: do not forget to bring the hotel key back to the
front desk), in-scription is the translation of the de-scription into the product (for
instance: heavy weight on the key reminds guests to return the key) and prescription is
what a devise allows or forbids the actor to do (for instance: forget to return the key to
the front desk or not).
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As Jelsma describes both force and distribution as variations of how strongly the product
determines the behaviour of the user, it is a bit unclear what the practical difference
between the two is. However, this notion of a distribution of control has dominated
proposals on the design of how products affect behaviour, although there are variations
in the terminology and granularity of the dimension. According to Jelsma and Knot, the
concept of scripts “can be more or less compelling, but it will never totally determine
user actions” (Jelsma & Knot, 2002, page 124).

In 2005, Lilley et al. expanded this understanding by proposing a distinction between
three types of design principles according to how strongly they affected the behaviour
(Lilley et al., 2005b). In their structure, the concept of scripts covers the middle part of a
spectrum together with what they call Behaviour Steering. On one side they add Eco-
feedback, which aims at influencing the behaviour by providing information or feedback,
and on the other ‘Intelligent’ Products and Systems, which takes control of the
behaviour away from the user and forces desired behaviour - or blocks inappropriate
behaviour. This created a dimension, where on one end the users are in complete
control and can choose to read and interpret the Eco-feedback, and further choose to
alter their behaviour accordingly or not. On the other end, the users are forced to
behave the desired way by the ‘intelligent’ products or systems. Between these two
extremes, the users are guided towards the desired behaviour by the script, but without
being forced to do so. The identification of the categories between the two extremes
makes it similar to Zaltmans (1974) classification of social change strategies, which
includes Reeducative Strategies (communication of fact, feedback), Fasilitation (increase
the ease), Persuasive (involve bias in the structuring and presentation) and Power
Strategies (involve the use and/or threat of force).

Elias et al. (2007) proposed a variation of this categorization, although a bit less

explicitly connected to the force of how strongly the behaviour is affected. He made a

distinction between consumer education, feedback and user-centred eco-design. The

first two are clearly in the end of the spectrum where the user is in control, whereas the

latter is defined as “creating products where the most intuitive and comfortable way of
using and interacting with a product or system is also the most environmentally friendly”
(E Elias et al., 2008) making it closer to the understanding of scripts.

Wever et al. (2008) proposed a similar categorisation as the one proposed by Lilley et al.
(2005b) but included Behaviour Steering in the script category and suggested to phrase
Forced Functionality instead of ‘intelligent” Products and Systems, creating a clearer
reference to the lack of control this type of principles allows the user to have. Bhamra et
al. (2008) elaborated the distribution proposed by Lilley et al. by splitting it up into
seven parts; Eco-information, Eco-choice, Eco-feedback, Eco-spur, Eco-steer, Eco-
technology and Clever Design. The Eco-feedback strategies are similar to those of Lilley
et al. apart from that simple information has been extracted and given the name Eco-
information. The intelligent product and systems are similar to the Eco-technology and
the strategies Lilley et al. call scripts and behaviour steering resemble Eco-choice and
Eco-steering. In addition Bhamra et al. added Eco-spur and Clever Design, which are
not included in the structure of Lilley et al. Eco-spur is meant to reward the intended
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behaviour, whereas Clever Design creates the desired end result without changing the
user behaviour.

Based on the categorization by Bhamra et al. and Wever et al., Lidman and Renstrém
(2011) proposed a categorization, dividing the distribution of control into four
categories; Enlighten (providing information or educating the user), Spur (encourage or
tempt the user), Steer (guide the user) and Force (compel the user). In addition they
proposed a category called Match, which does not aim to affect the behaviour of the
user and thereby does not naturally have a position within the distribution of control.

There are also two other categorizations, which have slightly different perspectives, but
apply the same rationale. One is found in the introduction to the Design with Intent
toolkit (Lockton, et al., 2010b). Instead of describing how the product is affecting
behaviour, Lockton et al. describe three different ways to perceive the user: Pinball (do
not think at all), Skortcuts (take shortcuts and make choices based on how the options are
presented) and Thoughtful (take every opportunity to learn more about the world around
them and their impact on it). These three categories describe the user perspective of the
two extremes and the centre part of the distribution of control as described above.

The other category was proposed by Tromp et al. (2011), and attempts to describe how
products affect behaviour from how the user experience it. They suggest a two
dimensional landscape, where the dimension of force is combined with a dimension of
salience. The dimension of force is described with Persuasive or Seductive principles in
one end and Decisive or Coercive principles in the other, creating a distribution similar
to the one described above.

As the logic in these distributions is similar, the difference seems mainly to be a question
of naming. Basically the Distribution of Control (or Force (Jelsma, 1997; Tromp et al.,
2011), Axis of Influence (Lilley, 2007) or “Spectrum of Control” (Lockton, 2013)) can be
considered as a scale where the user has complete control on one end, and the product
has complete control on the other end. In the end where the user is in control, the
design strategies focus on providing the user with information or feedback. This
information will in most cases have to be registered, interpreted, understood and
reasoned upon before a behaviour change is possible. On the other end of the scale are
design strategies that either force the user to behave in a certain way, or eliminate the
users behaviour by acting automatic. As the user does not have any influence, these
strategies may require limited or no attention from the user to change the behaviour.
Between these two extremities are strategies with a varying degree of division of control.
Solutions may range from simply enabling a certain type of behaviour, to guiding or
steering the behaviour in the intended direction by making the desired behaviour easier,
or the undesired behaviour more difficult. A comparison of the different versions of this
distribution proposed in the literature can be seen in Figure 2.1.

29



Informing Design for Sustainable Behaviour — Chapter 2. Theoretical background

User in control

A

Zaltman, Jelsma, | Lilleyetal., | Eliasetal, | Bhamraetal., | Weveretal., | Lockton etal., Lidman & | Trompetal.,
1974 1997 2005b 2007 2008 2008 2010 Renstrém, 2011
2011
CED Information
E Consumer Eco-
5 education information
O Feedback | | Reeducation
= Ecoy [Eee- Thoughtful | Enlighten
— Feedback feedback
Eco-feedback
Enabling Feedback
Eco-spur
E i Facilitation
5 Encouraging
© Eco-choice Spur
= User Seductive/
@ Guiding Scripts Scr‘\pls_and Centre_d Scripting Shortcuts Persuasive
(0] P s Behaviour eco-design
o ersuasion Steering
Eco-steer St
Steering Gl
(@)
=
£ Forcing
‘Intelligent’ Forced- ; Decisive/
g Fower Products Eco»techmcal functionality FnzalE coercive
Q R intervention Force
© Automatic Systems
a

Product in control

Figure 2.1. Variation of the distribution of control described in the literature.

Although the distribution of control has been the most common way to structure the
behaviour changing design principles in the literature, it has by no means been the only
one. Jelsma (1997) also proposed the dimensions of Scale and Direction. The dimension
of Scale is similar to Rodriguez’ and Boks’ (2005) distinction between “product level”
and “system level”, where they distinguish between solutions that only concerns the
product itself, and solutions including multiple products or services.

Tromp et al. (2011) also proposed a different dimension, namely Salience, which they
combined with the dimension of Force to create a two dimensional landscape. By
Salience they propose that a design can vary on a scale from implicit to explicit, and
thereby result in different amounts of awareness or attention required from the user.
This dimension is similar to the dimension of Obtrusiveness, which was proposed earlier
the same year (Zachrisson & Boks, 2011a). This dimension, ranging from Unobtrusive
(which the user easily can ignore and may not be aware of) to Obtrusive (which
demands attention or action) was also combined with the distribution of control, and
thereby creating a similar landscape to the one proposed by Tromp et al. (2011) (see
Figure 2.2).
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Figure 2.2. Comparing Salience-Force (Tromp et al.,, 2011) with Obtrusiveness-Control
(Zachrisson & Boks, 2011)

Among the design principles proposed in literature, there is one that is problematic to
position within any of the proposed dimensions; the adaptation of the design to the
behaviour. It does not of focus on behaviour change as such, but rather on changing the
product to achieve the desired outcome, while still allowing the users to maintain their
behaviour. This principle was possibly first described by Rodriguez and Boks (2005),
and 1s what Wever et al. (2008) called Functionality matching. This is also similar to
what Bhamra et al. (2008) called Clever Design and Lidman and Renstrém (2011)
called Match. There are also similarities to what Elias et al. (2008) called User-Centred
Eco-Design, although this concept can also include behaviour change.

2.1.2. GASE STUDIES

Chapter 2.1.2 is adapted from the original text in Daae & Boks, DfSB as a support for LCA, submitted to
IJSE.

Along with the growth and development of the DfSB research field, an increasing
number of case studies can be found in the literature. These studies do not only
exemplify the application of the theoretical frameworks of the authors, but also
contribute with new insights to the factors affecting behaviour and in some cases the
potential and limitation of different design principles. However, the investigation of how
the design of products can affect behaviour is not limited to the DfSB literature.
Relevant case studies have been published also within fields such as Environmental
Psychology, Sustainable HCI and Persuasive Technology, although it can often be
unclear, and in many ways also irrelevant, which “literature” a particular publication
belongs to. Table 2.1 presents an overview over 28 case studies of how the design of
products may affect behaviour. This overview primarily focuses on the DfSB literature,
but several studies have been included from other disciplines. Common for all the
included studies, is the collection of empirical data regarding how the behaviour of
people may be affected by the design of products. For a study to be included, it must
contain information about how the information was gathered, which product or
behaviour it focuses on and what the outcome of the study was. There is a clear
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distinction between studies that investigate behaviour to identify the target problem and
studies assuming a target problem and test possible ways of affecting it. A few studies
include both these perspectives and describe the entire process from the initial
investigation of the problem to the testing of possible solutions. Undoubtedly more
studies may be found, in particular in related disciplines such as Environmental
Psychology, but the overview provides an indication of the variation and the type of the
relevant studies.

The overview presented in table 2.1 indicates the potential of a database of DfSB case
studies. Such a database could prove valuable, not only by simplifying the process of
aligning future case studies with the excising literature, point out successful approaches
and comparing the results, but it could also facilitate meta analysis and increase the
understanding of how behaviour best can be affected by product design. This could in
turn prove useful, not only for DfSB researchers, but could potentially help researchers
in other disciplines, such as LCA, to make more qualified assumptions of how products
are being used. A standardised way of reporting the findings would provide a great
benefit, not only for this purpose but also for the general usability of such a database.
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Table 2.1. DfSB case studies
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2.1.3. DFSB TOOLS

“Ideally industrial designers should be equipped with a decision-making tool, enabling
evaluation of alternatives in order to choose the strategies best suited for each project”
(Pettersen & Boks, 2008b, page 124). The last years increased attention to DfSB
research has, among other things, resulted in the development and proposal of an
increasing number of tools. Although these tools serve as a variation of purposes and
may not be meant to fulfil Pettersen and Boks’ request, it is still valuable to understand
their potential to support an informed selection of design principles. The following
sections contain the construction of a list of requirements for such a tool and a brief
introduction to the various published DfSB tools and an evaluation of their fulfilment of
the requirements.

2.1.3.1.  TOOL REQUIREMENTS

Chapter 2.1.3.1. is adapted from the original text in Daae & Boks, Dimensions of behaviour change, JDR,
2013.

Before designing anything, it is necessary to understand the requirements for the new
design and investigate if they are fulfilled by any existing solutions. This is also true
when designing a design-tool. The following paragraph is a review of requirements for
design tools found in the literature. This forms the basis for the list of requirements that
will guide the evaluation of the existing tools and methods, although the majority of
them were not specifically developed to support the decision making process of DfSB.

In 1992, John Chris Jones observed that the literature on the process of creative
thinking is “extensive, but none too helpful” (Jones, 1992, page 28). Since this
observation was made, the literature has continued to expand not only in quantity, but
also in the variation of perspectives and directions. In 2008, Nigel Cross pointed out
that there has been a substantial growth in new, unconventional methods, which
attempt to bring rational procedures into the design process. Although not embraced by
everyone, the need for new methods is growing with the increase in complexity for
many modern design projects (Cross, 2008). According to Cross, the new methods tend
to formalize certain procedures and externalizing design thinking. The formalization of
procedures may reduce the occurrence of oversight and widen the solution space,
whereas the externalization of design thinking frees your mind to think creatively and
aids all the members of the design team to understand what is going on. He
distinguishes between “Creative Methods, which are intended to increase the solution
space and remove mental blocks, and “Rational Methods”, which are intended to
improve the quality of design decisions. The contribution of these methods are in line
with Jones observation that the “enemies of originality are mental rigidity and wishful
thinking” (Jones, 1992, page 29).

However, even though there has been a substantial increase in both the quantity and
usefulness of this literature, there is still a lack of methodological support for identifying
the most suitable design methods (Ernzer & Birkhofer, 2002). When reviewing the
literature presenting development of new design methods and tools, there seems to be
limited discussion about how the methods or tools should be designed to support the
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way designers work and the translation of this into requirements for how the tool should
be designed (Brandt & Messeter, 2004; Buur & Soendergaard, 2000; Desmet, 2002;
Elias, 2011; Halskov & Dalsgaard, 2007; Lockton, et al., 2010c; Lucero & Arrasvuori,
2013). An exception is the work by Lofthouse (2006). In her investigation into how eco-
design tools should be designed to support the needs of designers, she found that
designers tend to look for tools that combine guidance, information and education. The
tools should contain numerous examples, be as visual as possible and contain a
minimum of text. When text is needed, it should be written in a non-scientific language.
The tool should be possible to use without spending too much time, be referred to when
required and fit into the designers’ usual way of working. It is also crucial that the tool
focuses on design and not on strategic management or retrospective analysis of existing
products. Although Lofthouse’s investigation focuses more on traditional eco-design
issues, such as information about environmental impact of materials and processes,
many of the requirements may be relevant for the context of behaviour change too.

There are also a few other publications relevant for understanding how designers use
tools, what makes certain tools particularly valuable and the reasons why other tools are
not applied. An extensive contribution is the doctoral thesis by Matthias Lindahl on
“Engineering Designers Requirements on Design for Environment Methods and Tools”
(Lindahl, 2005). Even though this research focuses on engineering designers and not
product designers, it is still likely to be relevant in the context of Design for Sustainable
Behaviour as both groups thinks creatively about the design of products and many of the
tools Lindahl investigates also are used by product designers. However, there are also
differences between the type of work the two types of designers do and how they do it,
which may affect their requirements for methods and tools. This should be taken into
consideration when evaluating the applicability of Lindahl’s conclusions.

In his research Lindahl investigated which methods and tools designers use, obstacles
they experience with using particular methods and tools, and the requirements they
have for the methods and tools they use. His main focus was to find out how Design for
Environment methods and tools should be designed to become more commonly used.
However, he also investigated the use of several other types of design methods and tools.
His reason for this was the assumption that “the basic requirements for a method or tool
to become utilized are the same” (Lindahl, 2006, page 488) and it strongly increased the
basis from which he could extract data.

In his thesis Lindahl (2005) presents a list of 32 requirements ranked according to their
importance for a tool to be utilized. He concludes that all these requirements can be
summarised into four major requirements. A method or tool must be (1) easy to adopt
and implement, (2) facilitate designers to fulfil specified requirements, (3) reduce the risk
that important elements in the product development phase are forgotten and (4) must
reduce the total calendar time to solve the task. He points out that if “the method or tool
helps designers to fulfil the specified requirements, it will also most likely help them to
reduce the calendar time as well as the number of working hours needed to accomplish
the product development” (Lindahl, 2005, page 37). In addition, he identified the three
main purposes designers have to utilize methods and tools. The methods or tools “(1)
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facilitate various kinds of communication within the product development process, (2)
integrate knowledge and experience into the methods and tools as a know-how backup
and (3) contribute with structure in the product development” (Lindahl, 2005, page 59).

The importance of ease of adoption and implementation was confirmed by a study by
Knight and Jenkins (2009). They examined the eco-design tools designers’ use in their
practice and found that the tools should be clear and visible, and should be both useable
and useful for the design community. Through their study they also found that the tools
can be classified into three categories: “Guidelines”, providing broad support but little
detail, “Checklists”, providing in-depth but narrow application at selected stages in the
process, or “Analytical tools”, providing detailed and/or systematic analysis at specific
stages of the process. All three types of tools were considered to be useful, but when
asked to rank the tools, “Checklists” were considered to be most applicable in their
companies, followed by “Guidelines”.

By extracting the identified requirements and ranging them according to their relative
importance, a list of requirements for a tool to help designers make informed decisions
about which behaviour changing design strategies to use, was created (see table 2.2).

Table 2.2. Requirements for the requested design tool

Must
N Help designers to design products that are more likely to be used in the desired way by using the tool,
than without the tool.
Nr 2. Help designers understand which design principles they should apply to change the behaviour of their
target group.
Nr 3. Lnscerrease the designers understanding of different aspects of how the product affects the behaviour of the
Nr 4. Be easy to use for product designers, fit into designerly ways of working
Should
Nr 5. Be possible to understand how to use in 15 minutes
Nr 6. Be inspiring for designers
Nr 7. Be in a format that makes it suitable for discussion and collaboration
Nr 8. Should be experienced as suggesting rather than dictating
Nr 9. Remind the designers of the aspects of a product that affect the way users interact with it
Could
Nr 10. Be suitable to bring to meetings with clients to help the designers explain their decisions
Nr 11. Be experienced as primarily visual
Nr 12. Be written in a non-scientific language

2.1.3.2.  DESIGN WITH INTENT

Perhaps the DfSB tool that has received the most attention is Design with Intent (Dwl),
which is developed by Lockton et al. (2010b). The tool was primarily developed to
support DfSB but is also intended to be generally applicable to any design aiming at
behaviour change (Lockton, et al., 2010a). The toolkit consists of 101 patterns or
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principles for influencing behaviour. The patterns are structured into 8 lenses according
to the “worldviews” of how the designer approaches behaviour change (Lockton, et al.,
2010b). The eight lenses are: Architectural, Errorproofing, Interaction, Ludic,
Perceptual, Congnitive, Machiavellian and Security. Each pattern is presented on a
separate card, and consists of a title, a question pointing out the function of the pattern,
and an example of an application of the pattern with a short description and a picture
(see Figure 2.3) (Lockton et al., 2010b).

3.ly/Arch 4
/ )fUI(lHl

Can you divide
your system up
into parts, so

people only use

rrrrr

These individual seats replace a ¢
bench on the Paris Métro - spaced

so that someone cannot lie down = Detzlgn
wi
or occupy more than one Thtent

Figure 2.3. Example of a Design with Intent pattern card (Lockton et al., 2010b)

The DwI tool is proposed to be used in a number of different ways (Lockton, 2013);
going through the cards to get inspiration, analysing existing behaviour change solutions,
frame your problem in terms of a target behaviour, random inspiration or build on
models of the user. The latter proposed way of using the cards build upon a
categorisation of three different types of users, presented on an additional card. This
categorisation proposes that users can be considered as either ‘Pinball’ (users don’t think
much but are pushed and pulled in different directions), ‘Shortcut’ (users want to get
things done as easy as possible and with the least effort) and “Thoughtful’ (users think
analytically about what and why they are doing) (Lockton, et al., 2010b). Various
versions of the Dwl tool have been tested through a number of workshops and
applications in projects, and evaluated by a large number of users. This has indicated
that the toolkit both supports generation of large numbers of ideas and improves the
users understanding of how design influence behaviour (Lockton, 2013).
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Design with intent is easy to use and understand, is inspiring and stimulates creativity. It
suggests numerous approaches that may be applied to affect behaviour and thereby supports
generation of ideas, but provides limited guidance to when particular approaches may be
appropriate and how the designer should evaluate the approaches. The only such support is a
broad classification into three types of users; Thoughtful, Shortcuts and Pinball.

2.1.3.3.  USER EFFICIENT DESIGN

User Efficient Design is a method or process developed by Elias et al. (2009) consisting
of a proposed DISB design process. Elias (2011) proposes that a project to improve the
energy efliciency of usage of a product should go through three phases, and for the third
phase he proposes a five stage process (see table 2.3).

Table 2.3. The User Efficient Design Process (Elias, 2011)

Phase 1. Identify and Record User Behaviour
Video and observation studies of users in their typical
environment

Phase 2. Quantify User Behaviour
Calculate the impact of this user behaviour in terms of
energy usage; present a ranked list of priority behaviours

Stage 1. Explore the Problem and Identify Causes
Identify what causes the behaviours to use energy

Stage 2. Design Product Features
Create product features that tackle each user behaviour

Stage 3. Create Combinations

Phase 3. Design a Better Product Combine the best features into single designs

Create a product which reduces this impact

Stage 4. Conduct a Design Feasibility Study
Assess the feasibility of these designs and select one or
two to use

Stage 5. Detailed Design Development
Conduct the detailed design work for the chosen final
designs

The overall approach and steps in this process are very similar to a typical human-, or
user-centred design process the way it is described in the literature (e.g. Courage &
Baxter, 2005; ISO-9241-210, 2010; Steen, 2008). However, this structured description
in the context of DfSB is a valuable contribution and among the details in some of the
stages, there are nuances and elements that differ from traditional user-centred design
processes. Perhaps the most interesting and valuable of these, is the way he analyses the
energy consumption of particular behaviours and distinguishes between “Theoretical
minimum’, ‘Intrinsic losses’” and ‘User-related losses’ (see Figure 2.4). The magnitude of
the latter determines the urgency of addressing a particular behaviour.
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h
Energy Use 0.685 kWh 0.767 kWh 1.088 kWh
(2,466,000 Joules) (2,761,200 Joules) (3,916,800 Joules)

User-related Losses

Intrinsic Losses

Y \
0.578 kWh 0.578 kWh 0.578 kWh
Theoretical Minimum
_______________________ el e e B e e B
0.107 kWh 0.107 kWh 0.107 kWh
Base Case Scenario A Scenario B

Figure 2.4. Analysis of types of energy consumption (Elias, 2011)

The User Efficient Design process was developed and tested in a project redesigning a
refrigerator (Elias et al., 2007). Based on the findings from the process, Elias (2011) built
a prototype of an improved refrigerator with an internal transparent door, manual
instead of automatic light switch and redesigned shelves on the door. When comparing
usage of the prototype with a conventional refrigerator, Elias (2011) found that the user
related losses could be reduced by 43%.

User efficient design is fairly easy and quick to understand and provides a process to support
the design and helps designers determine which behaviour they should target. However, it
does not provide any guidance to how to improve the design.

2.1.3.4. THE DESIGN BEHAVIOUR INTERVENTION MODEL

The Design Behaviour Intervention Model by Tang and Bhamra (Tang, 2010; 2012) 1s
a further development of a model they originally presented earlier (Bhamra et al., 2008;
Tang & Bhamra, 2008). The model suggests the type of behaviour changing design
principles that should be applied at different stages of a behaviour change process and in
particular in the formation of habits, by combining a number of different theoretical
models. It combines Triandis” Theory of Interpersonal Behaviour (Triandis, 1977),
Anderson’s theory of development of cognitive skills (Anderson, 1982) and design
strategies along the distribution of control (Lilley, 2009), and point out the level of
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forcefulness and points of intervention (see Figure 2.5).

Design Behaviour Intervention Model

3 Elements of 3 Levels of 7 Design Points of
Behavioural Change Intervention Strategies Intervention
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Force Eco-Technology
- ensure the change
Clever Design

Figure 2.5. The Design Behaviour Intervention Model (Tang & Bhamra, 2012)
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In a case study demonstrating the feasibility of reducing environmental impact by
modifying consumer behaviour of using a refrigerator, Tang and Bhamra report that
the “DBIM has been shown to be a useful and inspirational tool for gaining deeper
understanding of consumers and making informed decisions about which strategies to
apply” (Tang Tang & Bhamra, 2012, page 11).

The DBIM model provides an indication of how much control the user or the product should be
given to target particular factors that may affect behaviour, and makes a connection to the
development of habits and the target of the intervention. However, it does not provide
explanation for the connections, possibly limiting the understanding and learning effect for the
user. It is also questionable how easily it can be applied in practical design projects.

2.1.3.5.  CONSTITUENTS OF BEHAVIOUR AND HABIT
FORMATION

Another model describing the formation of habits, is the Constituents of Behaviour and
Habit Formation model by Hanratty, et al. (2012). The model illustrates the transition
from behaviours being determined by a number of factors, and in particular the
hedonic-, gain- and normative goals proposed in the Goal Framing Theory (Lindenberg
& Steg, 2007), through repetition under similar context, becoming more automatic and
requiring less repetition. Finally the behaviour may become completely habitual and
happen without awareness from the user.
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Figure 2.6. The Constituents of Behaviour and Habit Formation

The Constituents of Behaviour and Habit Formation model illustrates the transition from a
conscious decision making process to an automatic habitual process, but does not provide
any information about how to facilitate the transition.

2.1.3.6.  PATHWAYS OF SUSTAINABLE BEHAVIOUR

In 2013, Renstrém et al. presented a map of the different paths a user can follow to
reduce the environmental impact resulting from interaction with an artefact (see Iigure
2.7) (Renstrom, et al., 2013). The framework is built on the notion that the type of
behaviour is crucial for successfully determining how products should be designed to
alter the behaviour. By drawing upon and expanding the categorizations of different
types of behaviour presented by Olander and Thergersen (1995) and Fogg and Hreha
(2010) they suggest that there may be five different paths users can follow to behave
more sustainable. The first path suggests that the user can use the artefact differently,
either by change the style of use, adapt use situation or curtail the use. The second path
suggests that the user can use a second artefact that mediates the use of the primary
artefact, either by changing the style of using the primary artefact, change the use
situation or curtail the use of the primary artefact. The third path suggests that the user
can use a second artefact that regulates the primary artefacts resource use, and thereby
doesn't require alteration in the way the product is used. The fourth path suggests that
the artefact should be maintained and repaired to function optimally and the fifth path
suggests that the user acquires a new artefact that has less impact than the alternatives.
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Figure 2.7. The Map of Pathways to Sustainable Behaviour (Renstrém et al., 2013)
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Renstrom et al. (2013) argue that the proposed paths can inform a designer’s choice of
design principles and present some general reflections regarding the type of design
principles that are most suitable for each path. However, they acknowledge that this is a
preliminary framework that needs additional development before it can provide the
intended support to designers.

The Map of Pathways to Sustainable Behaviour provides a promising starting point for
categorization of different ways behaviour may change and in the paper where the map is
presented, a number of reflections are made upon the type of strategies that are suitable for
each path. For this to effectively work as a tool for designers, the recommendations still remain
to be integrated into the map in an intuitive and obvious way. As the tool is at an early stage of
development, it is unclear to what degree the map will help designers consider more
approaches to affect behaviour and how well it will remind designers of the different aspects of
how a product affect behaviour.

2.1.3.7.  SUMMARY OF THE TOOLS

As can be seen in the preceding sub-chapters, there are already a variety of tools
described in the DfSB literature. However, none of the tools provide designers with the
desired support and fulfil the requirements. They either describe the situation on a level
too elevated and theoretical, are not developed into formats that are easily applicable in
design projects and are rather to consider as models than tools, or have other aims than
supporting informed decisions. It can thus be concluded that there is a need for
additional tool development, which this thesis attempts to provide.

2.1.4. REBOUND EFFECTS

A well known challenge when reducing the energy consumption of products, or in other
ways make products more efficient, is the risk that the improvement leads to an increase
in some other consumption - and thus diminishes the environmental benefit. For
instance, a household may spend the money they save on the reduced energy
consumption on another energy intensive activity (Abrahamse et al., 2005). If this family
saves money on consuming less renewable electricity, and spends it on a flight to a
distant location, the net environmental impact of the efforts to save energy might
actually become negative. This phenomenon 1s known as the rebound effect, and is
defined by Hertwich (2005, page 86) as “a behavioural or other systemic response to a
measure taken to reduce environmental impacts that offsets the effect of the measure”.
Hertwich further distinguishes between weak rebound effect (the efficiency is reduced),
strong rebound effect (most of the expected savings do not materialize) and backfire
effect (the result is increased energy demand), although he also argues that ripple effect
might be a more suitable term, as the unexpected effect might also improve the energy
efficiency.

There are several categorizations of different types of rebound effects described in
literature. Sorrell (2007) distinguishes between direct and indirect rebound effects. The
direct can be either income/output effects where the increased income or reduced cost
from energy saving results in increased consumption, or a substitution effect where a
decrease in consumption of something results in an increase in another. The indirect
effects can be divided into embodied energy, which is the energy demanded to achieve
the reduction in demand, or secondary effect where savings from the purchase of the
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efficiency measurements result in increase in consumption of something else or the
reduced demand result in reduced prices, and thus increased demand. Greening, et al.,
(2000) presents a similar categorization, but calls the effects income effect, substitution
effect, secondary effect, transformational effect and market-clearing price and quantity
adjustments. A type of rebound effect, not directly included in either of these
categorizations is the time use rebound, which can be defined as “the new activities a
consumer engages in as a result of a less environmentally harmful product or service
being substituted for an existing activity” (Jalas, 2002, page 118).

Taking all possible rebound effects into account when working with DfSB creates an
overwhelmingly complex situation that easily can result in questioning whether it is
possible to do anything at all. Controlling rebound effects can easily result in ethically
questionable solutions, by for instance limiting the freedom of the users (see Chapter
2.1.5 for elaboration on ethical considerations), or expand beyond the reasonable scope
of DfSB by dramatically changing values or norms, or changing fundamental structures
of society. Even such attempts of controlling rebound effects may fail, as they can result
in other unexpected effects. Pettersen (2013) argues that an advantage of the sociological
approach to DfSB is that it is suited to capture why and how rebound effects occur, as it
acknowledges that practices do not exist in a vacuum. This is an opinion that may be
questioned as this approach to DfSB typically result in larger structural changes than the
psychological approach to DfSB, and thus may be harder to predict and control. It is
also questionable if the interconnectedness of a practice or behaviour is more
acknowledged by the sociological than psychological approach. (Further details on the
discussion of these two approaches can be seen in Chapter 2.1.6).

DfSB researchers and designers should be aware of the rebound effect and try to take it into
consideration as far as possible, but at the same time be critical about aborting promising
efforts because of these rebound effects as they always are uncertain. Thorough testing of
solutions before implementation in society may also provide insight into the magnitude of
potential rebound effects and possibly how to deal with them.

2.1.5. ETHICAL CONSIDERATIONS

Part of the evolvement of the DfSB focus and concern has been directed towards the
ethical considerations of affecting people’s behaviour, and both designers and researcher
are encouraged to reflect upon the moral aspects of their design decisions (Pettersen &
Boks, 2008a). In this context, ethics can be understood “as a rational, consistent system
for determining right and wrong, usually in the context of specific actions or policies”
(Berdichevsky & Neuenschwander, 1999, page 52). In her thesis, Lilley (2007) identified
three key questions when considering the ethics of DfSB:

1. Should products be designed with the intention of creating behavioural change
towards more sustainable use patterns?

2. Are products that encourage or persuade more or less morally acceptable than those
that coerce or force?

3. How can we begin to assess the ethical dimensions of behaviour changing products?
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These questions point out several aspects of behaviour change through design that may
be subject to ethical considerations. For this thesis, the core question is how these
considerations affect type of design principles we apply to achieve the desired behaviour
change. Strategies that promote increased understanding of cause and effect, and which
empower and benefit the individual, are generally considered ethical (Wilson, 2013),
making principles where the user is in control relatively unproblematic. This is however,
only under the condition that the information is truthful and doesn’t manipulate the
user into an incorrect understanding (Berdichevsky & Neuenschwander, 1999; Lilley &
Lofthouse, 2010). Principles towards the end of the control spectrum where the user has
little or no control over the interaction are more problematic (Lilley, 2007). Some
authors argue that this type of principles may be seen as unethical and can be seen as a
threat to autonomy and freedom (Pettersen & Boks, 2008a) and it is completely
excluded from persuasive technology as it is defined by Fogg: “an attempt to change
attitudes or behaviour or both (without using coercion or deception)” (Fogg, 2003, page
15).

These types of principles may also be seen as unethical because the users may be pushed
into behaving in ways they object against and the responsibility for the behaviour
becomes unclear. As long as the user consciously behave in certain ways, they may be
held morally responsible for their actions, potentially together with the one who
persuaded them to behave that way (Berdichevsky & Neuenschwander, 1999). If the
users do not have control over the interaction, it is more questionable whether they can
be held morally responsible for the consequences. As “artefacts are not able to make
deliberate decisions about their influences on human action” (Verbeek, 2005, page 214),
this naturally falls on the person who designed the product (Jelsma, 2006). Berdichevsky
and Neuenschwander (1999) created a map to analyse whether designers could be
considered morally responsible for the way their products are used (see Figure 2.8).

If the... Outcome
[ Intended Unintended
\ 4 v
aiidl Reasonably Not reasonably
" predictable predictable

A 4 kd v v A 4 v
and... | Ethical || Unethical || Ethical || Unethical || Ethical || Unethical |

v ki y L 4 v
then the Prai sy || Fesponsible Not Responsible Not Not
designeris... raisewortny || ang at fault || responsible || and at fault || responsible || responsible

Figure 2.8. Responsibility of intended and unintended outcome. (Berdichevsky &
Neuenschwander, 1999).

“80% of a product, service or system’s environmental cost is determined at the design
stage” (UK_Design_Council, 2002). However, many of the decisions made at the design
stage, which affect the environmental impact of the product - are made by other
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circumstances or people than the designer. Thus the product designer cannot be said to
be responsible for all of the impact, and is often not in the position to change many of
the decisions that have the largest impact. However, the designer is still one of the key
actors in the development of a product and thereby one of the people who are in a
position to direct the development of the products and affect the ethical and
environmental impact they cause (Wilson, 2013).

This discussion focuses on the consequences of the behaviour and not the behaviour
itself. This notion builds upon the principle that the end justifies the means (often
attributed to Niccolo Machiavelli (1532). However, it may be argued that the validity of
justifying the means by the end must be weighed against the cost of individual liberty
(Brey, 2006). The willingness to sacrifice individual freedom for the sake of a greater
good, may differ between stakeholders (Pettersen & Boks, 2008a). People may also
disagree about what is morally positive and negative (Wilson, 2013). Furthermore, even
though we accept products taking control over behaviour as it is for the greater good, it
becomes problematic once the same principles are applied not to reduce environmental
impact, but to achieve other goals that might be less commonly acceptable
(Berdichevsky & Neuenschwander, 1999). Even though the understanding of how to
affect behaviour through design has been developed with the intention of achieving
commonly accepted environmental or social benefits, there is always the possibility that
it may be misused and applied to direct the behaviour in directions that may be
beneficial for a company or some people, but not for everyone else (Fogg, 2003).

To support the practical application of these ethical considerations in design processes,
Lilley and Lofthouse (2010) developed a weighted matrix (Figure 2.9). They also
developed a checklist asking probing questions about the designers intent, validity of the
targeted behaviour, the level of control exerted by the product, service or system,
whether this can be justified in relation to the perceived severity of the behaviour
targeted, privacy and security issues related to data collection, transfer and storage,
accuracy, reliability and trustworthiness, and the overall impact on stakeholders who
may use the product or system or be affected by its use either directly or indirectly.

Part A : Evaluation of Behavioural Issues Identified

IMPACT EFFECT PERMANENCY

Behaviour identified through user observation studies L M | H | SortTerm | long Term | Reversible Irreversible

Part B: Bhical Evaluation of Re-designed Product /System

IMPACT EFFECT PERMANENCY OCCURANCE
How could the What would be the LM |H| Son Long Reversible Irreversible | L M H
product/system | impact/consequences of
be used? this behaviour on
stakeholders?

Figure 2.9. Weighted matrix part A and B (Lilley & Lofthouse, 2010)
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An alternative checklist, specifically developed for persuasive technology was presented
by Berdichevsky and Neuenschwander (1999). This checklist identifies eight principles
for how to make persuasive technology ethically unproblematic, culminating with what
they term “the golden rule of persuasion”:

Table 2.4. Principles of ethical persuasive design and “the golden rule of persuasion”.

1. The intended outcome of any persuasive technology should never be one that
would be deemed unethical if the persuasion were undertaken without the
technology or if the outcome occurred independently of persuasion.

2. The motivations behind the creation of a persuasive technology should never be
such that they would be deemed unethical if they led to more traditional
persuasion.

3. The creators of a persuasive technology must consider, contend with, and
assume responsibility for all reasonably predictable outcomes of its use.

4. The creators of a persuasive technology must ensure that it regards the privacy
of users with at least as much respect as they regard their own privacy.

5. Persuasive technologies relaying personal information about a user to a third
party must be closely scrutinized for privacy concerns.

6. The creators of a persuasive technology should disclose their motivations,
methods, and intended outcomes, except when such disclosure would
significantly undermine an otherwise ethical goal.

7. Persuasive technologies must not misinform in order to achieve their persuasive
end.

8. (The Golden Rule of Persuasion) The creators of a persuasive technology
should never seek to persuade a person or persons of something they themselves
would not consent to be persuaded to do.

As can be seen from this brief review of the ethical considerations in the literature, individual
freedom is valued highly and receives substantial attention. A perspective that may be
underrated is the designers’ moral obligation to do what they can to reduce environmentally
harmful behaviour. For instance, as there is scientific consensus of the manmade effect on
climate change (Anderegg, et al., 2010; Cook et al., 2013; IPCC, 2007b; Oreskes, 2004), it
may be considered immoral of a designer to leave the user in control when knowing, or
expecting, that the user’s behaviour will result in an increased environmental impact. From this
perspective, it may be considered ethically preferable to force users to behave in desired
ways, compared to allowing them to behave undesired. The challenges the world is facing are
sufficiently acute and dramatic (IPCC, 2007b) to reconsider the importance of personal
freedom. However, if designers are going to act according to this standpoint, it is crucial that
they have good evidence for both the importance of enforced behaviour and the likelihood of
success.
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2.1.6. PRACTICES VS BEHAVIOUR

It is widely acknowledged in the recent DfSB literature that the task of reducing the
environmental impact of people’s behaviour through the design of products may benefit
from drawing upon existing models and theories from social sciences (e.g. Lockton,
2013; Pettersen, 2013; Wilson, 2013). However, there is no consensus about which
theoretical perspective can contribute with the most suitable and useful models and
insights. The two dominating perspectives are those of behaviour models from social
psychology and practice theory from sociology. The exploration of how each of these
perspectives may contribute to the development of DfSB has resulted in a diversity in
the literature that can be considered to represent two different schools.

2.1.7. PRACTICE THEORY

Practice theory may be considered to originate from the work of Bourdieu (1977) and
has been important for the sociological understanding of how and why people interact
with their surroundings. Substantial attention has been given to its potential
contribution to the understanding of how society may be transformed in more
sustainable directions (e.g. Spaargaren, 1997). This perspective has also lead to criticism
of the way design locks people into their unsustainable lifestyles (E Shove, 2003) and
propositions of how design could be informed by practice theory (Shove, 2006; Shove,
et al., 2008; Shove, et al., 2007), which has had a strong influence on the current
development of DfSB. However, it has been questioned whether Shoves description of
design is out-dated and thus making the criticism less valid (Wilson, 2013).

In practice theory, the basic unit of analysis to understand why people act the way they
do i1s the action, or practice, itself (Giddens, 1984; Schatzki, 1996). A practice can be
defined as “a routinized type of behaviour which consists of several elements,
interconnected to one other”; such as cooking, working or bathing (Reckwitz, 2002,
page 249) and 1s inherently social as we learn them from each other (Scott, et al., 2012).
One way of structuring these elements which has been identified as useful for designers
(Kujjer & De Jong, 2011) is into images, stuff and skills, which was introduced by Shove
et al. (Pantzar & Shove, 2010; 2007). This understanding of the concept of practice has
been dominating the recent investigations into how design processes can be informed by
practice theory, such as the work by Scott et al. (2012) on bathing or Kuijer and Jong
(2012) on thermal comfort.

2.1.8. BEHAVIOURAL MODELS

“Understanding, explaining and changing human behaviour are the main objectives of
psychology in general” (Kléckner & Blébaum, 2010, page 574) and has received
substantial attention from the psychology literature at least since the 1930s (e.g. Corey,
1937). A result of this attention has been the development of a large number of
behavioural models, attempting to explain the reasons for human behaviour by
identifying and structuring different factors that may affect the behaviour (Jackson,
2005b). Several of these models and studies attempt specifically to explain
environmentally significant behaviour (e.g. Bamberg & Moser, 2007; Klockner &
Blobaum, 2010; Stern, 2000). The perspectives, insights and vocabulary from this
research have strongly influenced the emergence and development of the DfSB field.
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Some researchers have even applied specific behavioural models directly in their
research and used them as fundaments from which they have developed their own
frameworks and approaches (Bhamra et al., 2008; Tang, 2010).

In contrast to practice theory, where the basic unit of analysis was the practice, the
behavioural models focus on the individual and build upon the notion that the reasons
for behaviour can be broken down into individual factors (P Stern, 2000). By identifying
these factors and the relation between them, the models that explain why people behave
the way they do and possibly also improve our ability to predict and affect the behaviour
(Jackson, 2005b). Although the complexity of the different models vary both with
regards to the number of included factors and the interaction between these, there
seems to be consensus in recent literature that behaviour can be affected by a number of
different factors (e.g. Sopha & Klockner, 2009; Stern, 2000; Vlek & Steg, 2007). The
models that attempt to give a comprehensive overview over relevant factors and their
interaction, tend to include a combination of intentions, norms, emotions, constraints
and habits (Kléckner & Blobaum, 2010; Stern, 2000; Triandis, 1977), although the
exact labels used for the different factors and the categorization varies.

It is possible to argue for the use of both practice theory and behavioural psychology.
However, as both are simplifications of reality, neither is capable of capturing all the aspects
and nuances of people’s behaviour. “This means that there is no “right” way to understand and
intervene in behaviours, but there may be ways of approaching the task that are more effective
or efficient depending on the issue and context (Chatterton, 2011, page 6).

In her comparison of the different fields that may inform DfSB research, Pettersen (2013)
identifies a number of strengths and weaknesses of Practice Theory and Social Psychology, in
addition to Rational Choice Theory, ANT and System Innovation Theory. Pettersen concludes
that Social Psychology is strong at conceptualizing micro level dynamics, but is discarded for
its “lack of attention to the interplay between humans and technology and how it changes over
time” (Pettersen, 2013, page 55). Practice theory is preferred as “its scope takes in both the
interplay between humans and technology and system level dynamics between practices”
(Pettersen, 2013, page 55).

| concur with Pettersen’s statement that improving the effectiveness of how people interact with
products is limited to incremental environmental improvements, and that there is a need for
more radical alterations of our lifestyles. Whether sociology is better suited than psychology to
inform this kind of alterations, as Pettersen concludes, is an ongoing debate In addition, as
Pettersen points out; “approaches resulting in more radical innovations may however conflict
with existing manufacturing schemes” (Pettersen, 2013, page 46). To solve the environmental
challenges the world is facing today, we need both the improvements that can easily be
implemented immediately and we need to make the more fundamental changes. Both
psychology and sociology have relevant and interesting perspectives that can contribute to
this transition. As Chatterton (2011), page 8 buts it: “the different viewpoints can be seen as
complementary and as simply different ways of looking at the same thing”.

However, the goal of this research project is to investigate how to affect the behaviour of a user
when interacting with a specific product, which corresponds with the micro-level Pettersen
identifies as the strength of social psychology. The behavioural models from social psychology
provide nuanced and mature frameworks for identifying and analysing the various factors that
can affect the interaction between users and products in given contexts. Practice theory
considers practices to be connected in systems (Pantzar & Shove, 2010) and does not focus
on specific interaction at a specific product-user level, and do not provide a similarly detailed
and nuanced framework for analysing the factors affecting the interaction. Behavioural models
from social psychology are therefore, in line with for instance Wilson (2013), considered a more
suitable perspective to inform the design of products aimed at resulting in a particular
behaviour.
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The previous discussion about whether DfSB should build upon a psychological or
sociological understanding of how behaviour is created is typical for the DISB research.
Similar to much other design research, DfSB is a multidisciplinary field building upon
insight, perspectives and methods from several scientific disciplines and traditions. The
following chapters give brief introductions to a number of the most relevant fields this
project has drawn upon. A particular emphasis has been given to the tools and methods
from the various fields.

2.2.1. BEHAVIOURAL MODELS FROM SOCIAL PSYCHOLOGY

Chapter 2.2.1. & 2.2.1.1. is adapted from the original text in Zachrisson and Boks; When to apply different
design for sustainable behaviour strategies?, presented at ERSCP-EMSU in Delft in 2010, which was later
reworked and published in Zachrisson and Boks; Exploring behavioural psychology to support design for
sustainable behaviour research, JDR 2012.

The social psychological understanding of behaviour builds on the notion that it is
possible to understand the reasons people behave the way they do and identify the
individual factors that may affect the behaviour. Corresponding to the substantial
attention this topic has received over the years, a large number of, more or less diverse,
theories have been developed. Provided that the theories are validated, or at least not
falsified, by empirical evidence, they can offer two kinds of benefits. “Firstly, they can
provide heuristic devices for exploring the nature of specific behaviours and for
identifying the factors that might be important to policymakers who are attempting to
influence those behaviours” (Jackson, 2005b, page 22). Secondly, they can “provide a
conceptual and theoretical framework for carrying out detailed empirical research on
the structure of specific behaviours, and the role of interventions in influencing those
behaviours” (Jackson, 2005b, page 23).

To summarise, structure and communicate the theories of the various factors that can
affect behaviour, and their interplay, many of the theories have resulted in the
development of behavioural models. The models, and underlying theories, vary greatly
in their complexity and the number of included factors. This variation is a result of
which factors the authors consider most significant for the behaviour, and is greatly
affected by the specific behaviour, or aspects of the behaviour, which the model aims to
explain.

Some models, such as the Norm Activation Theory (Schwartz, 1977), the Theory of
Planned Behaviour (Ajzen, 1991) and the Value-Belief-Norm theory (Stern, et al., 1999)
contain relatively few factors and present narrow views on the causes for behaviour.
However, when studying such models, it is crucial to be conscious about the purpose
and scope of the model. For instance, the Norm Activation Theory is a theory aimed at
explaining altruism (Schwartz, 1977; Stern et al., 1999) and the Value-Belief-Norm
theory aim at explaining environmentalism (Stern et al., 1999), which is defined as “the
propensity to take actions with pro-environmental intent” (Stern, 2000, page 411).
Theory of Planned Behaviour attempts to identify the considerations that guide human
behaviour (Ajzen, 2006), but do acknowledge that the applicability of the theory require
“a strong link from intentions to behaviour”(Ajzen, 2006, page 5). Many models
purposefully limit the number of factors they include, knowing it makes it a less perfect
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description of reality, but increasing the opportunities to test and apply the theories.
“Theories that incorporate virtually every known social-psychological construct and
process not only lack parsimony but, more important, they are likely to generate
confusion rather than real understanding” (Ajzen & Fishbein, 1980, page 150).

Other models, such as the Theory of Interpersonal Behaviour (TIB) (Triandis, 1977),
the Motivation,-Opportunity-Ability model (MOA) (Olander & Thergersen, 1995) and
the Comprehensive Action Determination Model (CADM) (Kléckner & Blébaum,
2010), include a larger variety of factors, increasing the potential accuracy and
granularity of describing the actual situation, but also making the models more complex
to apply. For instance, Jackson (2005b) suggests this as a reason why the Theory of
Interpersonal Behaviour has been applied less frequently than the Theory of Planned
Behaviour, even though it appears to have additional explanatory value. The challenge
thus becomes to find the model with the optimal balance between precision and
usability.

2.2.1.1. BEHAVIOURAL FACTORS

Regardless of the complexity level of the model, they all contain a combination of (some
of) the following behavioural factors, which depending on the situation and person, are
found to have some influence over people’s behaviour. The models also present the
various factors as categories, or at least interconnected, often affecting each other in
addition to directly, or indirectly, affecting the behaviour of the user.

A category of factors tends to address the users determination or desire to behave in a
certain way and often includes factors such as intentions, attitudes and beliefs. Some
behavioural science traditions, such as Rational Choice Theory, consider people
primarily as rational beings, also known as Homo Economicus (e.g. Doucouliagos, 1994),
and believe that people’s behaviour primarily is determined by what they believe they
benefit the most from (Scott, 2000). However, numerous studies have found that the
correlation between what people want to do and what they actually do in many cases
can be limited (Ajzen & Fishbein, 1977), even though it is far from irrelevant (e.g. Grob,
1995; Homer & Kahle, 1988) as can be interpreted from some publications (e.g.
Hargreaves, 2011; Shove, 2010). Ajzen and Fishbein (1977) found that for an attitude to
have any effect on predicting behaviour, the attitude and behaviour have to be on the
same level of specificity. Stern (2000) proposed that the relative prediction power of the
attitude depends on how strongly the behaviour is affected by the context. When the
context affects the behaviour strongly, positive or negative, the attitude has little
influence on the behaviour. But when the context effect is small or neutral, the attitude
of the user plays a significant role for the behaviour. Some authors (e.g. Pfister & Béhm,
2008; Triandis, 1977) considers emotions or affections to be a separate category of
factors, whereas others (e.g. Klockner & Blobaum, 2010) includes this as a part of
attitudes.

Another category of factors that is related to the deliberate behaviour of users consists of
factors such as values or personal norms. This category differs from the previous by its
stability over time (Kléckner & Matthies, 2012), and the evaluation of the moral aspects
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of the behaviour (Schwartz, 1977). Kléckner (2010), page 7 defines values as “the most
basic and abstract assumptions about what should be done, what is good, and what is
bad”, and personal norms as “domain specific feelings of moral obligation to act”. Some
authors (e.g. Schwartz, 1977; Stern et al., 1999) propose a fairly directly connection
between values or norms and behaviour, whereas other authors (e.g. Kléckner &
Blobaum, 2010; Triandis, 1977) indicate a more indirect relationship.

The likelihood of people behaving a particular way is also affected by how much effort
they believe they have to exert or their opportunity to behave that way. This is often
termed perceived behavioural control (e.g. Bamberg & Moser, 2007) or subjective
constraints (e.g. Frey, 1988), and normally includes both the users task knowledge,
personal capabilities and the other external aspects the users believe affect their
opportunity to behave that particular way. Some authors (e.g. Frey, 1988; Kléckner &
Blobaum, 2010) distinguish between subjective and objective constraints. The latter
“preclude or inhibit people's ability to participate in particular activities and that they
exist independently of individual's perception” (Tanner, 1999, page 147) and can thus
include constraints the user is unaware of, or exclude constraints that are erroneously
perceived to affect the behaviour.

Several models that attempt to provide something in the direction of a comprehensive
understanding of the factors affecting behaviour (Klockner & Blobaum, 2010; Stern,
2000; Triandis, 1977) acknowledge that people are social beings and that their
behaviour can be affected by the presence of others, others expectations, and their own
self-concept and roles. This category, frequently called social norms or social factors are
often considered to affect the intentions rather than the behaviour directly, similarly to
the personal norms or values.

A type of factors that has received substantial attention (Klockner & Matthies, 2012) and
a crucial factors for understanding behaviour (Verplanken & Aarts, 1999; Verplanken,
Aarts, Knippenberg, & Moonen, 1998) is habits. Habits can be defined as “behaviours
that are performed with a minimum of cognitive effort” (Jager, 2003). Klockner and
Matthies (2012) identified three different approaches to understanding how the
automatic process works; associative or connectionist, heuristic, and schema or script-
based. The associative or connectionist approach explains that habits are cognitively
represented by strengthened neural connection, which becomes stronger the more often
a specific situational cue is processed. The approach thereby assumes a fundamentally
different system for how habits affect behaviour and how other types of behavioural
factors affect behaviour. The heuristic approach considers habits to be “nothing but
extremely simple, efficient decision rules that allow people to make comparatively good
decisions with comparatively little effort in information processing. The more important
the decision is or the higher the motivation to involve in a decision, the more
sophisticated the decision rules become” (Kléckner & Matthies, 2012, page 795). The
schema or script approach treats habits as a blueprint of the appropriate way to behave
in certain situations and thereby enables limited effort put into information intake and
processing. The two latter approaches are thus fundamentally different from the first, by
considering habits as part of the same decision making process as deliberate decision-
making.
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Never the less, there seems to be consensus regarding the main aspects of how a habitual
behaviour develops (Jager, 2003; Kléckner & Matthies, 2012; Klockner, Matthies, &
Hunecke, 2003; Triandis, 1977; Verplanken & Wood, 2006). A habitual behaviour
starts as a normal behaviour and is determined by some combination of the other
behavioural factors. As the behaviour is repeated under similar circumstances, it
becomes increasingly automatic and thus both less affected by the other factors and less
conscious to the person performing the behaviour. Jager (2003) also found that the
likelihood of repeated behaviour, and thereby developing habits, increase the more
positive the experienced outcome of the behaviour is.

To structure and support the process of informing the design of behaviour changing
products by the insight about behavioural factors identified by social psychology, it was
advantageous to select an appropriate behavioural model. To ensure as comprehensive
an understanding of the behavioural factors as possible, the model should ideally include
and explain all the different types of behavioural factors that may be significant for
determining behaviour. Simultaneously, to ensure the ease of integration and
understanding, the model must present a clear structure and obvious relation between
the different factors. One natural candidate, which has already been identified as a
promising model to inform DfSB (Bhamra et al., 2008; Tang, 2010; Wilson, 2013) is
TIB (Triandis, 1977). Tang and Bhamra (2012) integrated this model in their Design
Behaviour Intervention Model (see Figure 2.5) where they proposed a connection
between certain levels of the distribution of control with particular behavioural factor.

Tang and Bhamra argue that Triandis® Theory of Interpersonal Behaviour is a
promising model as it considers behaviour “as a result of interactions between individual
cognitive and contextual factors in shaping such processes” (Tang & Bhamra, 2012,
page 2), and for its equal attention to the individuals attitude, social factors and
emotions in forming intentions, which may or may not turn into actions depending on
the habits. It also acknowledges the individuals cognitive limitations, includes contextual
factors and habits, and thereby indeed providing a fairly comprehensive overview of the
behavioural factors. Wilson (2013) augmented the model with Verplanken’s (2005)
understanding of habit. Never the less, the model does have some limitations, which
may make it sub-optimal for informing DfSB. It does not distinguish between subjective
and objective constraints, considering everything as contextual factors, nor between
personal and social norms, which both may be relevant regarding how the design of a
product affects how it is used.

A model that does include these distinctions is the Comprehensive Action
Determination Model (CADM) by Kléckner and Blébaum (2010) (see Figure 2.10). This
model is based on four theories that have been acknowledged for their strength of
explaining behaviour, but also criticized for not integrating all the factors that may
influence the behaviour. The theories are the Theory of Planned Behaviour (TPB), the
Norm-Activation Model (NAM), the theoretical concept of habit and the Ipsative
Theory of Behaviour. By combining the theories, Klockner and Blobaum aim at
removing the limitations and creating a model encompassing both the internal and
external factors. They tested the CADM model in an empirical study together with TPB
and NAM, and a combination of the two, which had been introduced earlier in an
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attempt to explain more factors. The conclusion was that the CADM explained the
variation significantly higher than the other models (Klockner & Blobaum, 2010)

Habitual
Processes

- Schemata
- Heuristics
- Associations | \

Normative
Processes

- Subjective Norms

i \ Intentional
- Personal Norms

- Values 1 Processes
\— -Intentions  —~
- Attitudes

Ecological
Behaviour
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Influences

- Objective Constraints |
- Subjective Constraints !

Figure 2.10. The Comprehensive Action Determination Model (Kléckner & Blébaum, 2010)

The CADM explains that individual, sustainable behaviour is directly determined by
influences from three possible sources: habitual, intentional and situational. The
habitual processes consist of schemata, heuristics and associations (Kléckner & Blébaum,
2010). The Intentional processes consist of intentions, attitudes and beliefs. These are
connected in a hierarchical structure where intentions are affected by attitudes, which
again are affected by beliefs (Kl6ckner, 2010). And the Situational influences are divided
into subjective and objective constraints. In addition to affecting the behaviour directly,
the situational influences also affect the habitual, intentional and the normative
processes. The normative processes have an indirect effect on the behaviour through
affecting the habitual and intentional processes, and consist of personal norms that are
affected by subjective/ social norms and values (Kléckner & Matthies, 2012).

Behavioural psychology advocates that it is possible to understand the reasons for behaviour
and to identify the individual factors that affect behaviour. A number of factors have been
identified in the literature and have resulted in the creation of a number of behavioural models.
Some models deliberately focus on particular factors and effects on behaviour, whereas other
models aim at comprehensive explanation of behaviour and include a multitude of different
factors. The more factors a model includes, the more complex the model tends to become.
The challenge is thus to find the right balance between comprehensiveness and complexity. In
this thesis, the CADM model was chosen to identify and structure the behavioural factors.
Although there are some factors the CADM does not treat separately, for instance ‘affect’,
which in the CADM is considered as a part of the intentional factors, it does provide an easily
comprehensible overview over a majority of the relevant factors and thereby a promising
framework to guide DfSB. However, whether the research is guided by the TIB or the CADM
probably does not signify a crucial difference, as the primary purpose of the models in the
context of DfSB is to identify the relevant factors and, to a certain degree, the relation between
them. As the two models in question are relatively similar, it is unlikely that the preference of
one over the other will lead to substantial alterations in the research.
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2.2.2. PERSUASIVE TECHNOLOGY

The quest for changing attitudes or behaviour is also the topic of a field known as
Persuasive technology. The field was first introduced by Cialdini (1993) and has since
developed into a field of research, primarily within the information technology industry.
Fogg (2003) defined persuasive technology as “an interactive product designed to
change attitudes or behaviors, or both, by making a desired outcome easier to achieve”.
He also stresses that persuasive technology should not force the user into certain
behaviour. Fogg describes strategies for persuasion according to their function, and has
identified seven of them: Reduction, Tunneling, Tailoring, Suggestion, Self~monitoring, Surveillance
and Conditioning. In addition he points out that technology can persuade on two levels. If
the sole purpose of the product is to persuade, it is persuasion on a macro level. If
persuasion is incorporated as an element in the product, it is on a micro level (Fogg,
2003). Oinas-Kukkonen and Harjumaa (2008, 2009) expanded the persuasive strategies
identified by Fogg to 28 strategies, and structured them according to how they are
meant to persuade the user (see Table 2.5). They distinguish between four types: Primary
lask support, Dialogue support, Credibility support and Social support.

Table 2.5. Persuasive systems by Oinas-Kukkonen and Harjumaa.

ategor trate escription
Category Strategy Descripti
A system that reduces complex behaviour into simple tasks helps
Reduction users perform the target behaviour and it may increase the

benefit/cost ratio of a behaviour.

Using the system to guide users through a process or experience

Tunnelling provides opportunities to persuade along the way.

Information provided by the system will be more persuasive if it is
Tailoring tailored to the potential needs, interests, personality, usage context,
or other factors relevant to a user group.

Primary task support A system that offers personalized content or services has a greater

Personalization capability for persuasion.

A system that helps track one’s own performance or status

Self-monitoring supports in achieving goals.

Systems that provide simulations can persuade by enabling them to

Simulation observe immediately the link between the cause and its effect.
A system providing means with which to rehearse a behaviour can
Rehearsal enaltéle people to change their attitudes or behaviour in the real
world.
Praise By offering praise a system can make users more open to
persuasion.
Rewards Systems that reward target may have great persuasive powers.
f If a system reminds users of their target behaviour, the users will
Reminders moreylikely achieve their goals. ¢
) Suggestion Systems offering suggestions at opportune moments will have
Dialogue Support greater persuasive powers.
Similarity People are more readily persuaded through systems that remind
themselves in some meaningful way.
Liking A system that is visually attractive for its users is likely to be more
persuasive.
Social role If a system adopts a social role, users will more likely use it for

persuasive purposes.

A system that is viewed as trustworthy (truthful, fair, and unbiased)

Trustworthiness will have increased powers of persuasion.

A system that is viewed as incorporating expertise (knowledge,

Expertise experience, and competence) will have increased powers of
persuasion.
Surface People make initial assessments of the system credibility based on
System credibility support credibility a first-hand inspection.

A system that highlights people or organization behind its content

Real-world feel [ "Sorvices will have more credibility.

Authorit A system that leverages roles of authority will have enhanced
Y powers of persuasion.

Third-party Third-party endorsements, especially from well-known and
endorsements respected sources, boost perceptions on system credibility.
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Verifiability

Credibility perceptions will be enhanced if a system makes it easy
to verify the accuracy of site content via outside sources.

Social learning

A person will be more motivated to perform a target behaviour if he
or she can use a system to observe others performing the
behaviour.

Social
comparison

System users will have a greater motivation to perform the target
behaviour if they can compare their performance with the
performance of others.

Normative
influence

A system can leverage normative influence or peer pressure to
increase the likelihood that a person will adopt a target behaviour.

Social support Social
facilitation

System users are more likely to perform target behaviour if they
discern via the system that others are performing the behaviour
along with them.

Cooperation

A system can motivate users to adopt a target attitude or behaviour
by leveraging human beings’ natural drive to co-operate.

Competition

A system can motivate users to adopt a target attitude or behaviour
by leveraging human beings’ natural drive to compete.

Recognition

By offering public recognition (for an individual or a group), a
system can increase the likelihood that a person or group will adopt
a target attitude or behaviour.

As a way to analyse and structure behaviour change, Fogg has developed a grid of
behaviour changes. The first version (Fogg, 2009a) considers the type of change on one
axis and the duration or trigger of the change on the other. It results in 35 types of
behaviour change. The grid was later refined (See Figure 2.11) and contains 15
combinations of the type of change (new behaviour, familiar behaviour, increase
behaviour, decrease behaviour or stop behaviour) and the duration of it (one time,
period of time, permanently) (Fogg & Hreha, 2010). The purpose of the grid is to help
understand what kind of change one is aiming for and possibly the steps one needs to go
through to achieve complicated behaviour changes.
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Figure 2.11. Fogg behaviour grid.
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Fogg has also presented a behavioural model for persuasive technology (Fogg, 2009b).
This model, which has strong similarities to Motivation-Ability-Opportunity behaviour
model (Olander & Thergersen, 1995), prescribe that for a behaviour to take place, the
user has to be triggered while being sufficiently motivated and able. The more effort the
behaviour requires (the less able the user is), the more motivation is required. This
relation between motivation and ability creates a threshold, which is unique for every
person and situation. As long as the situation is above the threshold, a trigger can
activate the behaviour (see Figure 2.12).

High
motivation

Triggers

succeed here

Motivation

Activation
Threshold

Triggers
Fail here

Low
motivation

Hard to do —
Ab|||ty Easy to do

Figure 2.12. lllustration of Fogg’'s behavioural model

Another model from Persuasive Technology that has received attention recently is the
Hooked or ATARI model by Eyal (2013a). Although this model is less academic and
scientific than the other models described in this thesis, it does draw upon a lot of social
psychology and behavioural understanding. And most importantly, it provides an easily
understandable and applicable presentation of the creation of habits, which often is
considered complex and difficult to deal with in design projects. ATARI stands for “A
hook has 4 parts; Trigger, Action, Reward and Investment”, and the model proposes
that to create a habit, it is necessary to provide the user with and internal or external
trigger, the user needs to perform an action and receive a variable reward. The user
then needs to make an investment that makes it more likely that the user will repeat the
action the next time he or she encounters the trigger (See Figure 2.13). Although the
majority of this is in line with the general understanding of how a habit is created in
social psychology, there are aspects that may be questioned. For instance the
requirement of an investment may not strictly be a requirement for a habit to form,
even though it doubtlessly increases the likelihood for repeated action in particular
situations. However, as the model is presented as a tool to help web-pages get its users to
repeat their actions, it may be of value.
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Figure 2.13. The ATARI model (Eyal, 2013b)

Persuasive Technology is closely related to DfSB, although it distinguishes itself primarily on
three different aspects; it does not inherently focus on sustainability, it rejects the parts of the
control spectrum where the user has little control and it focuses on Graphical User Interfaces
(GUI) and digital products. Although the practical integration of models from Persuasive
Technology in design projects tends to be difficult, they provide easily understandable
presentations and valuable understanding of behaviour change.

2.2.3. INFORMING POLICY INTERVENTIONS

The field of informing policy interventions may not be an academic direction in the
same sense as behavioural psychology and persuasive technology, but rather a caption
given to a constellation of theoretical directions from marketing, political science,
economics, etc. all aiming at supporting policy makers affect behaviour more efficiently.
Policy makers are often influenced by rational choice theory (Pettersen, 2013) which
builds on the assumption that the individual makes informed decisions to maximize
their well being (Scott, 2000). This perspective guides policy makers to ensure that
people have adequate information to make their choices and that the market works
properly (Jackson, 2005a), frequently resulting in attempts of using economic incentives
or information campaigns to influence behaviour, but which has shown to have limited
long term effect on people’s behaviour (Dough McKenzie-Mohr, 2011). In recent years,
a number of alternative frameworks or theories have evolved for how policy makers
might affect behaviour more effectively, often building on social psychological theories,
and which may contribute with valuable insights for DfSB too.

One perspective, which in some cases has received substantial attention from policy
makers (http://www.whitehouse.gov, 2009; www.gov.uk, 2013), is called libertarian
paternalism and was introduced by Thaler and Sunstein (2008). They argue that there is
a great potential of affecting people’s behaviour through choice architecture, signifying
the way the alternatives are presented. By adjusting the sequence, description or context
of the choices, the user can be nudged in the desired direction, while still maintaining
their individual freedom and autonomy.
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A more process oriented, step-by-step approach is called Community Based Social
Marketing, and was introduced by Doug McKenzie-Mohr (Doug McKenzie-Mohr,
2000). In this approach he argues that it is necessary to target the reasons why people
don’t behave the desired way, to successfully alter their behaviour. When doing so, he
prescribes a five step approach (Dough McKenzie-Mohr, 2011).

1. Determine specifically which behaviour to target.

2. Identfy the barriers that impede people from engaging in the activity and
what would motivate them to act. Consider both internal and external factors.

3. Develop strategies for lowering barriers or increasing motivation.
4. Pilot-test the strategies.
5. Implement broad and evaluate.

McKenzie-Mohr suggests a number of strategies for how to lower the barriers or
increase motivation, commitment (from good intention to action), social norms (building
community support), social diffusion (speeding the adoption of new behaviours),
prompts (remembering to act), communication (creating effective messages), incentives
(enhancing motivation to act) and convenience (making it easy to act).

A similar overview of techniques policy makers can apply to affect behaviour more
efficiently 1s the MINDSPACE report published by the UK institute for government
(Dolan, et al., 2010). Also drawing upon a broad psychological understanding of the
various factors that may affect behaviour, they created a checklist of nine robust and
non-coercive techniques policy makers may apply.

Table 2.6. MINDSPACE (Dolan et al., 2010).

Messenger we are heavily influenced by who communicates information

Incentives %Jsrsgessponses to incentives are shaped by predictable mental shortcuts such as strongly avoiding
Norms we are strongly influenced by what others do

Defaults we ,go with the flow* of pre-set options

Salience our attention is drawn to what is novel and seems relevant to us

Priming our acts are often influenced by sub-conscious cues

Affect our emotional associations can powerfully shape our actions

Commitments we seek to be consistent with our public promises, and reciprocate acts

Ego we act in ways that make us feel better about ourselves

Although this is largely overlapping with the techniques proposed by McKenzie-Mohr,
it presents a slightly different perspective as it is formulated from the viewpoint of the
target user, whereas McKenzie-Mohr applies a more neutral perspective in this brief
overview. A slightly more complex tool to support the inclusion of the psychological
understanding of the factors affecting behaviour, is the Behaviour Change Wheel
(Figure 2.14) (Michie et al., 2011).
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Figure 2.14. The Behaviour Change Wheel (Michie et al., 2011)

The Behaviour Change Wheel was developed as a response to the need for a framework
to support policy makers, which was comprehensive, coherent, and had a clear link to
an overarching model of behaviour. The wheel aims at forming a basis for a systematic
analysis of how to make the selection of interventions and policies by linking the choice
of intervention functions with the behaviour change techniques (Michie et al., 2011).

Although the type of challenges and the available means of affecting behaviour differs
substantially between DfSB and policy makers, it may never the less be valuable to draw upon
this insight. In particular the overviews of possible approaches may contribute with interesting
perspectives that are normally not included in DfSB and may thus provide new opportunities
for affecting behaviour.

2.2.4. SHIKAKEOLOGY

Shikakeology is one of the most recent contributions to the constellation of academic
disciplines focusing on behaviour change and has emerged during the last few years,
primarily in Japan. Matsumura describes shikakeology as “an approach to change,
induce, nudge, and trick attitudinal and actional behavior to solve social or personal

issues” (Matsumura, 2013). He further elaborates by pointing out three factors that
define a shikake:

1. A shikake is an embodied trigger for behaviour change.
2. The trigger is designed to induce a specific behaviour.

3. The behaviour solves a social or personal issue.
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A shikake can consist of both physical and psychological triggers. The psychological
triggers affect our preferences whereas the physical triggers might either work directly
by enabling people to understand the usage and results, or indirectly as an ignition for a
psychological trigger (Matsumura, 2013). The physical triggers can further be divided
into Feedback (haptic, scent, sound, and visual) or Feedforward (default option,
metaphor, and signifier) and the psychological triggers can be divided into Motivation
(challenge, dissonance, negative expectations, positive expectations, reciprocity, reward,
scarcity, self-consistency and self-esteem) and Social effect (being watched, social norm
and social proof) (Matsumura & Fruchter, 2013). Matsumura and Fruchter (2013)
initiate, and indicate future elaborations of, an investigation of which triggers that are
successfully used in combination, which could provide guidance to development of new
shikake design.

Although it is unclear how shikakeology differs from the already existing approaches to
behaviour change and what the new contribution is, it is almost always valuable to consider a
problem from a variety of perspectives. The intended categorization of when different triggers
have proved successful may be a valuable tool for future developments also in DfSB.

2.2.5. SUSTAINABLE HCI

Sustainable Human Computer Interaction (HCI) is a subset within the wider HCI field,
which was first introduced by Eli Blevis in 2007 under the name “Sustainable
Interaction Design” (Blevis, 2007; Lilley, 2007). Sustainable HCI can be defined as:
“applying HCI methods, perspectives, and techniques to issues of environmental health
and sustainability” (Froehlich, 2011, page 19). Blevis introduces both the potential of
HCI contributing to prolonging the lifespan of computers and related products and
thereby reducing the environmental impact associated with the rapid obsolescence of
these products and making people behave in more sustainable ways. Shortly after this
was published, the two directions were crystalized more clearly by the introduction of
the terms; Sustainability in Design and Sustainability through Design (Blevis, 2007). The
former of these categories focuses on the environmental impact of the products
themselves, the material in the product etc. This perspective is similar to traditional eco-
design. The latter of the categories focuses on how HCI can support sustainable
lifestyles and decision-making, and thereby making it more closely connected to the field
of DfSB. However, depending on how the boundaries of Sustainable HCI are defined, it
tends to focus on computers, information systems and technology-driven approaches
(Mankoff, et al., 2007).

One of the most interesting and substantial contributions to the sustainable HCI
literature is the PhD thesis on feedback mechanisms by Jon Froehlich (2011). Through a
thorough investigation of studies investigating feedback mechanisms and their effect in
the literature, he identified what he called “the eight dimensions of the eco-feedback
design space” (Figure 2.15) (Froehlich, 2011, page 98).
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Figure 2.15. The eight dimensions of the eco-feedback design space (Froehlich, 2011)

Froehlich states that the dimensions serve three goals. The first goal is to provide

designers with a tangible structure of eco-feedback, exposing assumptions and providing
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a way of comparing strengths and weaknesses. The second is to uncover opportunities
and provide a structure for exploring possibilities, and the third is to provide a common
vocabulary to discuss and analyse eco-feedback (Froehlich, 2011).

Sustainable HCI can be considered to be positioned somewhere between DfSB and
Persuasive technology, in the sense that it does focus on GUI, but has a distinct sustainability
goal and has a less strongly expressed rejection of forcing the user. Froehlich’s analysis and
structuring of feedback mechanisms are very thorough and can almost directly be applied also
on physical products, and thus has a potential to be of great value for DfSB.

2.2.6. USER CENTRED DESIGN

User Centred Design (UCD) has often been pointed out as a promising approach for
DfSB (Lilley, 2007; Tang, 2010; Wever et al., 2008) and Renstrém et al. (2013, page 6)
even defined DfSB as: “a use-centred and user-centred development process that
supports the design of artefacts, enabling users to evade avoidable resource consumption
during the artefacts’ use phases”. User centred design originates from the 1980s
(Vredenburg, et al., 2002) when it became apparent that much insight could be gained
by studying users and their interaction with computers when developing new products
(Norman & Draper, 1986). Since then, user centred design has become one of the most
influential directions within product design. A large number of approaches and
techniques have been developed throughout the years, aiming at providing new types of
insight and perspectives of how users interact and relate to products.

As there are several directions within UCD, and a diversity of opinions of the details of
how it should be applied and how the users should be involved. However, there seems
to be consensus about the general aspects of what UCD 1s. Preece, et al., (2002)
explained a user-centred approach as when “the real users and their goals, not just
technology, should be the driving force behind development of a product”. The ISO
standard (ISO-9241-210, 2010) uses the term Human-centred rather than User-centred
as they wish to include more stakeholders than just the typical users, but do
acknowledge that the terms often are used synonymously. In this standard, Human-
centred design is defined as an “approach to systems design and development that aims
to make interactive systems more usable by focusing on the use of the system and
applying human factors/ergonomics and usability knowledge and techniques” (ISO-
9241-210, 2010, page 2). The ISO standard (ISO-9241-210, 2010, page 5) further
presents six principles a Human-centred approach should follow.

1. The design is based upon an existing understanding of users, tasks and
environments.

Users are involved throughout design and development

The design is driven and refined by user-centred evaluation

The process is iterative

The design addresses the whole user experience

The design team includes multidisciplinary skills and perspectives.

SRRl RN

There are a large number of tools and methods available to gather information about
the user and the context, and to involve the user in different stages of the process. Many

65




Informing Design for Sustainable Behaviour — Chapter 2. Theoretical background

of the user centred research methods are adopted from other disciplines, but are
simplified to make them more suitable for commercial needs. This is done because it is
more important to get results fast rather than ensuring academic accuracy in the design
field (Aldersey-Williams, et al., 1999). According to Preece et al. (2002) there are five
basic methods for gathering data, namely questionnaires, interviews, focus groups and
workshops, naturalistic observation and studying documentation. Combinations of
variations of these create a landscape of numerous methods with different strengths and
weaknesses.

UCD is in many ways essential for DfSB and one might go as far as positioning DfSB as a sub-
direction within UCD. Almost all DfSB researchers apply UCD thinking and techniques in their
projects. In particular the application of user research methods to gather insight about the
target group and user testing methods to evaluate the effectiveness of prototypes is invaluable
to the efforts of reducing environmental impact of product usage.

2.2.7. LIFE CYCLE ASSESSMENT

Chapter 2.2.7. is partly adapted from the original text in Daae & Boks, /Improving the way LCAs deal with
variation in the use phase using design for sustainable behaviour research, IJSE, 2014.

There are several ways to calculate the environmental impact of a product or activity,
but perhaps the most comprehensive is Life Cycle Assessment, which has been
developed since the 1960s (Curran, 1996). “Life-cycle assessment (LCA) is a systematic,
analytical process for assessing the environmental implications of product systems from
raw material extraction through product manufacture, use, and end of life.” (Lloyd &
Ries, 2007, page 162). ISO 14040 (2006) defines four phases of an LCA study:

A goal and scope definition phase
An inventory analysis phase

An impact assessment phase

An interpretation phase.

N

The complexity of the study is dependent on the goal and scope definition. Ideally, one
might wish to include all the relevant aspects affecting the process and thus gain a
perfect calculation of the environmental impact. However, this will easily result in an
unmanageable mass of data and make the assessment too complex to handle.
Depending on the goal of the study, it is therefore necessary to limit the study by
deciding on the boundary condition (which processes to include), the type of
environmental impact to consider and the level of detail for the study (Baumann &
Tillman, 2004). These decisions guide the creation of the system model of the inventory
analysis where the environmentally relevant flows of the system are considered.
Environmentally relevant flows are typically use of scarce resources and emission of
substances considered harmful (Baumann & Tillman, 2004). A challenge related to the
inventory analysis, which has received substantial attention, is commonly known as the
‘allocation problem’ (Cederberg & Stadig, 2003; Frischknecht, 2000; Suh, et al., 2010).
It occurs when several products share the same processes and the environmental load
from those processes are to be expressed in relation to only one process (ISO 14040,
2006). It can occur in three basic cases (Baumann & Tillman, 2004): a process can result
in several outputs, a process can have several inputs and a product can be recycled into
another product. Should for instance the emissions from cattle be allocated to the milk
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or beef production? Typically there are two approaches to solve the allocation problem
(Suh et al., 2010); one can divide the emission between the two products based on a
partitioning coefficient (partitioning) or one can subtract the inputs and outputs for one
process from the other (system expansion).

In the inventory analysis data are collected for all the activities in the system and the
resulting impact is calculated. This forms the basis for the impact assessments, where the
impact of the environmental loads quantified in the inventory analysis is described or
indicated (Baumann & Tillman, 2004) and the relative importance of the environmental
stressors 1s determined (Hertwich & Hammitt, 2001). According to Baumann and
Tillman (2004), this is done by first Classification, where the inventory parameters are
sorted according to the environmental impact they contribute to, and then the
Characterisation, where the relative contributions of the emissions or resource
consumption are calculated. The results form the “basis for conclusions,
recommendations and decision-making in accordance with the goal and scope definition”
(ISO 14040, 2006, page VI). Today, there are several directions within LCA research
with different approaches to target boundaries and allocation methods, dynamic LCA,
spatially differentiated LCA, risk-based LCA, input-output based LCA and hybrid LCA
(Guinée et al., 2011).

The topic of this thesis is related to a challenge for LCAs, namely the variation in how
products are being used and thereby the uncertainty related to the environmental
impact of the use phase. For products where the use phase is responsible for a significant
share of the total impact, this may have a large effect on the results of an LCA and be
particularly important to address. “Parameters which cause the largest spread in the
model outcome should be given priority” (Huijbregts, 1998). Uncertainty and variability
has received significant attention in the LCA literature and is a central aspect of the
reliability and quality of the assessment. “LLCA practitioners should explicitly define the
uncertainty that are included in a study and discuss the reasons for and potential
implication of omitting other types of uncertainty” (Lloyd & Ries, 2007, page 172).
Nevertheless, the uncertainty related to variations in the use phase does not seem to
have received attention proportional to the potential impact of the variations. Instead,
“product life cycle engineering studies typically rely on average use-phase parameter
values to estimate impact” (Cheah, 2013, page 553).

Hujjbregts (1998) presented a categorization establishing to which extent different tools
are suited to address different types of uncertainty and variability. In Huijbregts’
categorization, the uncertainty of how a product is being used in real-life can be
considered as either a ‘parameter uncertainty’, as it is caused by incomplete or lack of
data, or ‘variability in objects/ sources’, as it is stemming from inherent variations in the
real world and differences between comparable sources (Huijbregts, 1998). According to
his recommendation, both ‘parameter uncertainty’ and ‘variability in objects/sources’
can be addressed through probabilistic simulation, expert judgements/ peer reviews,
additional literature research, additional measurements or correlation and regression
analysis. However, in reality applying these recommendations to the problem of
variations in the use phase may be challenging. In order to conduct a probabilistic
simulation, correlation or regression analysis, it 1s necessary to have access to sufficient
data. This kind of data is often not available on how people interact with their products.
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There may be several reasons why this data is not already readily available; likely
reasons are that it is very resource intensive, and difficult to collect sufficient amounts of
data about human behaviour in a reliable way. Each subject’s behaviour would have to
be studied individually, in a way that captures the behaviour without affecting it. This
will also be a challenge if additional measurements are to be conducted.

Although LCA is a very thorough and powerful method to assess the environmental impact of a
product, it is rarely, if ever, seen applied in DfSB projects. The primary reason for this is
probably the required time and knowledge to conduct the LCA. Even when using supporting
software, such as Simapro (http://www.simapro.co.uk/, 2013), the process is often time
consuming and requires both extensive knowledge and collection of impact data or access to
databases. As DfSB researchers rarely has the competence or resources to do a full LCA, it
may be an alternative to use a simplified tool, such as Eco-it (http://eco-
it.software.informer.com/, 2013) of the Solid Works  sustainability  plug-in
(http://www.solidworks.com/sustainability/, 2013). These simplified tools are by no means
capable of providing assessments with the same accuracy as a LCA is capable of. But they
can still give an indication that may be valuable to make the right design decisions to ensure
reduced impact of the entire life cycle of the product and not only of the use phase, which is
common today.

DfSB might possibly also contribute to LCA by providing methods and data to deal with the
uncertainty related to the variations in the use phase. As accurate measurements of the
behaviour of statistically representative populations are unfeasible, an alternative could be to
conduct small-scale studies, which would not provide precise data, but enable improved
estimates of the behaviour. For this purpose, the methods and experience from DfSB might
prove useful. Also, if a database of DfSB case studies were developed, this could help
improve the understanding of particular behaviours, and thus also support more informed
estimates. A potential side effect of products designed to achieve particular behaviours, might
also be a reduction in the variations, and thus simplify the estimates for LCAs.

2.2.8. SUSTAINABLE DESIGN

“Environmentally responsible design (...) was introduced in the 1960s (...) as a response
to the over-styled and consumerist approach that design —and especially industrial
design - had taken” (Dewberry, 1996, page 2). Dewberry (1996) identified a number of
different terms used to describe different levels of environmentally responsible design;
green design tends to focus on one or two particular areas of environmental impact, eco-
design or life-cycle design tries to reduce impact of all stages of the products life cycle
and sustainable design tries to satisfy design criteria within a complex system of
sustainable development. She points out that there also was a geographical variation of
the terms used for design with a sustainable focus. In the USA, design for environment
was popular, was Australia the term eco-design was common, whereas sustainable
design was a more global term. Whether these distinctions are commonly known in the
design community today is questionable as the field has developed much since the mid
90’s (Boks & McAloone, 2009), and in this dissertation the term sustainable design will
be used as a general term for design with a sustainability focus.

There 1s a growing attention to drivers and approaches for sustainable design, although
there is a resistance to adaptation by many companies (Verhulst, 2011). Stevels (2009)
identified that this is due to one or more of the following reasons: prejudice or doubt of
the contribution to the bottom line, priority conflicts in the environmental domain, lack
of priority in the value chain and distraction in the world outside of the companies. On
the other hand, Bhamra (2004) summarised 9 reasons why organizations implement
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eco-design: 1. Cost savings, 2. Legislative regulations, 3. Competition, 4. Market
pressure, 5. Industrial customer requirements, 6. Innovation, 7. Employee motivation, 8.
Company responsibility and 9. Communications with stakeholders. McAloone (1998)
found that when companies integrate eco-design in their design process, it is crucial that
the timing is right and that the environmental decisions are made early enough in the
process before the design specification is written, that the top management is committed
and that there is sufficient enthusiasm in the organization to sustain the focus on
environmental consciousness. Verhulst (2011) developed a conceptual model for the
implementation process for sustainability criteria in the product development process,
identifying four explanatory constructs; resistance against change, internal
communication, empowerment of the employees and organizational structure.

To support the integration of environmental focus into product design, a substantial
variation of tools have been developed during the years. Baumann et al. (2002)
identified that the tools are targeting with four different levels of the product
development process. Level 1 deals with the product development process and its tools
as such. Level 2 deals with the process in the context of companies. Level 3 deals with
the process in a product chain perspective. Level 4 deals with the relation to policy
making. In this thesis, the focus will be on the tools of level 1.

The tools can be “ranging from guidelines and checklists to one-score screening
indicators and full life cycle assessments” (Schischke, 2005, page 1). In recent years, a
number of digital tools have also emerged, for instance Solid Works sustainability
module (www.SolidWorks.com, 2013), which enables the designer to get environmental
data directly from the 3D-modelling program. One example of a checklist type tool, is
the “Ten golden rules of Eco Design” (Luttropp & Lagerstedt, 2006): 1. Do not use toxic
substances and utilise closed loops. 2. Minimise energy and resource consumption. 3.
Use structural features and high quality materials to reduce weight. 4. Minimize energy
and resource consumption in the use phase. 5. Promote repair and upgrading. 6.
Promote long life, especially for products with significant environmental impact outside
of the use phase. 7. Invest in better materials, surface treatments or structural
arrangements. 8. Prearrange upgrading, repair and recycling. 9. Promote upgrading,
repair and recycling by using few, simple, recycled, not blended materials and no alloys.
10. Use as few elements as possible.

Many of the tools are closely connected to LCA and often enable, or support, designers
when doing simplified assessments of the different phases of the products life cycle. One
such tool that is commonly used is the ‘Material cycle, Energy use and Toxic emission
(MET) matrix’, which is an analytical tool intended for assessment in the early stages of
a product development process (Baumann & Tillman, 2004). The tool consists of a table,
with a column for each of the three types of impact (material, energy and toxic) and a
line for each phase of the products life cycle (van Hemel & Brezet, 1997). Another life
cycle focused tool which has received substantial attention is the LiDS-wheel (Figure
2.16) (Van Hemel & Brezet, 1997), which identifies 8 phases of a product life cycle and
provides suggestions to ways of reducing the environmental impact for each phase. In
addition, the designer can rate the impact on each of the categories, creating a “spider-
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web” representing the environmental impact of the product. By rating both the new
design and alternatives, this tool provides a visual and easily readable comparison of the
alternatives. It should be noted however, that all of these tools focus on the technological
aspects of the product and not on behaviour, even though the LiDS-wheel does have a

category that addresses the use phase.

PRODUCT SYSTEM LEVEL

7. Optimization of
end-of-life system

Reuse of product

Remanufacturing/refurbishing

Recycling of materials

Safer incineration

6. Optimization of initial
lifetime .

Reliability and durability
Easier maintenance and repair
Modular product structure
Classic design

Strong product-user relation

5. Reduction of impact during
use

Lower energy consumption

Cleaner energy source

Fewer consumables needed

Cleaner consumables

No waste of energy/consumables

@ New Concept Development*
Dematerialization

Shared use of the product

Integration of functions
Functional optimization of
product (components)

PRODUCT COMPONENT
LEVEL

1. Selection of low-impact
materials

Cleaner materials

Renewable materials

Lower energy content materials

Recycled materials

Recyclable materials

2. Reduction of materials
usage

Reduction in weight
Reduction in (transport)
volume

PRODUCT STRUCTURE LEVEL

4. Optimization of distribution sy

3. Optimization of production
techniques

Alternative production techniques

Fewer production steps

Lower/cleaner energy consumption

Less production waste

Fewer/cleaner production consumables

Less/cleaner/reusable packaging
Energy-efficient transport mode
Energy-efficient logistics

s Priorities for the
new product

* Note: New concept d has
been given the symbol ‘@’ because it is
much more innovative than the other
seven strategies.

t Existing product

Figure 2.16. The LiDS-wheel (van Hemel & Brezet, 1997).

Lofthouse (2006) investigated the requirements designers had for eco design tools. She
concluded that it is important to develop a holistic tool combining guidance, education
and information, with well-considered content, appropriate presentation and easy access
(Figure 2.17). In response to the requirements she had identified, she developed the
“Information/inspiration” tool, which is an online tool where the designer can choose to
navigate through an “information route” with the categories; general, materials,
recycling, production, use and packaging, or an “inspiration route” with the categories;
materials, form, energy, function, parts and packaging. By providing the information in
the form of “nuggets” and multiple examples for inspiration, she received positive
feedback from the testing of the tool.
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Guidance

[Ecodesign] tools for
Industrial Designers

Figure 2.17. Lofthouse requirements for eco-design tools (Lofthouse, 2006).

The substantial work that has been given to the understanding and development of sustainable
design is a valuable source of information for the development of DfSB tools. Although there
are several aspects that differ between the two directions, for instance the focus on the entire
life cycle and the physical aspect of the design vs the focus on the use phase and the
behavioural aspects of the design, the end goal is closely related and many of the
opportunities and challenges are the same. As a consequence, the identification of the
requirements for tools in DfSB builds upon the experience and knowledge from sustainable
design.

DIASB literature identifies, structures and describes a large number of behaviour change
strategies and principles. As human behaviour, and the choice of the behaviour
changing strategies that are likely to result in the desired behaviour, is a complex topic,
there is a need to support designers’ decisions of how they design behaviour changing
products. User centred design has been pointed out as a promising direction to gather
the required insight about the user and the context (Wever et al., 2008), and has been
applied in a number of case studies. Both sociology and behavioural psychology have
been identified as promising frameworks to represent how behaviour 1s determined. But
for the specific challenge of affecting the behaviour of the user at the moment of
interacting with a product, behavioural psychology seems the most suitable. The efforts
to understand and affect behaviour have resulted in the development of a number of
tools and methods, which have been presented both in the DfSB literature and in a
number of other related fields. However, there has been limited discussion about what
the understanding of the user and the context actually tells us about which design
principles to apply, and none of the tools and methods seem to fulfil the requirements
that have been identified to support this challenge for designers. This also seems to be
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the case for the related disciplines, although several of them include relevant tools and
approaches that can be valuable for the further development of DfSB. The purpose of
this thesis is thus to contribute with additional insight to these challenges and develop
tools that can support designers in the desired ways.
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3. RESEARCH APPROACH

The overall structure of this research project has consisted of identification and
development of theoretical guidelines and experimental testing of these in actual design
projects. This combination of generalised knowledge and practical application is
supported by Stappers (2007). He points out that design research can be particularly
fruitful “with an eye for generalization and an eye for application” (Stappers, 2007, page
87). As this project has encompassed different types of investigation, a variation of
research methods has been applied, including literature research, creative workshops,
ethnographic studies, surveys, practical case studies, laboratory experiments and
controlled comparative studies.

Robson (2002) distinguish between Descriptive studies (providing description of a
phenomenon), Explanatory studies (provide causal explanation of a phenomenon) and
Exploratory studies (explore a phenomenon). Graziano and Raulin present exploratory
research as one of lower constraint making relatively few demands for structure and
precision in the procedures. The level of constraint refers to the demands for adequacy
of the information and how it may be processed (Graziano & Raulin, 2004). Lower
constraint research, also known as qualitative research, “is most appropriate when the
question concerns the natural flow of behaviour in natural settings” (Graziano & Raulin,
2004, page 130) and is frequently used in the social sciences.

The contrasting research tradition, quantitative research, is also frequently applied in
some of the social sciences, but is often more associated with the natural sciences.
Quantitative research is based on the notion that everything can be described according
to a numerical system, (McQueen & Knussen, 2002), employ experimental methods and
emphasise the measurement and analysis of causal relationships between variables
(Golafshani, 2003). Golafshani (2003) identify four features of quantitative research: 1)
the emphasis is on facts and causes of behaviour, 2) the information is in the form of
numbers, 3) the mathematical process is the norm for analysing the data and 4) the final
result 1s expressed in statistical terminologies. Qualitative research seeks to understand a
phenomenon in a context specific, real world setting (Golafshani, 2003), emphasise on
process and meaning (Sale, et al., 2002) does not apply quantification and statistical
procedures (Golafshani, 2003) and the data typically consist of a text describing the
phenomenon.

Epistemologically the two directions are also different. Quantitative research is based on
a positivistic perspective, where “all phenomenon can be reduced to empirical indicators
which represent the truth” (Sale et al., 2002, page 44) and which exist independent of
human perspective. Qualitative research is based on interpretivism and constructivism
and believes that “there are multiple realities and multiple truths based on one’s
construction of reality” (Sale et al., 2002, page 45). This has consequences both for the
type of methods used by the two directions (Golafshani, 2003; Preece et al., 2002) and
the way they consider validity and reliability.
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Validity and reliability are measurements of the quality of the data (Graziano & Raulin,
2004). Reliability refers to “the extent to which an experiment, test, or measuring
procedure yields the same results on repeated trials” (Merriam-Webster, 2013) whereas
validity refer to the accuracy of the measurement and whether it measures what it is
intended to measure (Graziano & Raulin, 2004). However, based on the epistemological
differences, this understanding of the quality of the research only makes sense from a
quantitative research perspective. Because of the differences in purpose of the research,
Goalfshani even claims that “the concept of reliability is irrelevant in qualitative
research” (Golafshani, 2003, page 601) and some researchers have argued that the same
is true for validity. From one point of view, this makes sense as the world is considered
to be constantly changing and the results from qualitative research are not considered
generalizable (Golafshani, 2003). However, qualitative researchers also need to be able
to assess the quality of the research, and commonly terms as credibility, neutrality,
conformability, transferability and trustworthiness are used for this purpose (Golafshani,
2003). “In lower-constrained research, validity depend more on the researcher’s clarity
of thought” (Graziano & Raulin, 2004, page 134). One way of strengthening studies
may be to triangulate multiple methods (Patton, 2002).

According to Graziano and Raulin (2004) it is most productive to apply an exploratory
approach to the early stages of a research topic. As the investigation of how design of
products can result in more sustainable behaviour is a rather new field of research and it
concerns natural behaviour in natural settings, the main part of this research project will
be exploratory, primarily applying qualitative methods. However, as some types of
investigation are most suited to quantitative methods and perspectives, the type of
methods and approach used in the different parts of this project depend on the type of
data targeted. For instance, some parts of this research project can be considered to
have explanatory aspects, for instance the analysis of why people don't burn their
firewood optimally (see Chapter 4.2.4 and Paper 2). The ethnographic studies were
highly exploratory, but the analysis of what they did that had the large negative impact
and the reasons why they behaved this way, may be seen as explanatory. Similarly is the
comparative study of how people burn firewood in the two wood ovens (also Chapter
4.2.4 and Paper 2), a typical example of quantitative research, although it is triangulated
with some qualitative methods, as advocated by (Golafshani, 2003).

Before providing an overview of the user research methods applied in this project
(Chapter 3.1.5), a general introduction is given to user research methods commonly
applied in user centred design, and an analysis of the type of insight different methods
are most suited to investigate.

Chapter 3.1 — 3.1.4. are adapted from the original text in Zachrisson and Boks; A classification of user
research methods for design, submitted to JCP.

As previously pointed out, DISB emerges from a user centred design tradition and the
DASB literature almost uniformly both advocate and build upon insight about the target
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users and behaviour as a key determinant for design decisions. Studies of how users
interact with products, can aid researchers and designers in finding the specific
information they are looking for, but it also creates a challenge for them. Due to the
amount and variation in methods, it can be difficult to obtain an overview over the
methods and to understand when the different methods would be most valuable to
apply. In an attempt to remedy this, several reviews have been made, presenting
selected methods or approaches (c.g. Aldersey-Williams et al., 1999; Blomberg, et al.,
1993; Courage & Baxter, 2005; Kujala, 2003; Maguire, 2001; Muller & Kuhn, 1993;
Preece et al., 2002; Sanders, 2006; Steen, 2008). These reviews present descriptions of
how and at what stage in the process different methods should be applied. Several of
them also have illustrations, or highlight certain aspects of the methods in tables, to ease
comparison. Preece et al. (2002) states that there are five basic methods for gathering
data, namely questionnaires, interviews, focus groups and workshops, naturalistic
observation and studying documentation. It can be argued that some methods, for
example probes or empathic design, are not really combinations of any of these.
However, such a simplification may aid the understanding of how different methods are
related to each other.

Even though there is extensive literature on user-centred methods, little information is
presented of what they actually can tell us about the user, the situation or the context.
By reviewing a number of the most common user research methods and structuring
them according to what type of insight they are most suitable to investigate, this review
aims to give insight on what type of information they may provide. To structure such a
review, it is necessary to have a common framework of possible insight the various
methods can provide. In order to accommodate the goal of behavioural change, the
CADM (Klockner & Blobaum, 2010) (See Figure 2.10) was chosen as source of such a
framework.

The collection of user research methods was gathered by reviewing relevant literature
with overviews and descriptions of user centred design methods. As the focus is to create
an overview over methods that provide insight about the user, only the methods that
aim at gathering information about the user or context were included. Methods that are
meant to communicate the results of the research or translate the results into design
solutions were not included. The focus is on identifying the factors that are affecting the
behaviour, not on investigating the behaviour itself.

Two effects that some of the descriptions refer to, which may influence the truthfulness
of the information provided by participants, are social desirability and prestige response
bias. Social desirability occurs if the participant prefers to answer what he thinks is most
socially acceptable rather than the truth. If the participant answers what he thinks the
researcher wants to hear, it is called prestige response bias (Courage & Baxter, 2005).
Courage and Baxter (2005) discusses these factors in relation to interviews and
questionnaires, and claim that the risk for them can be avoided if the researcher is
aware of them, and is careful in the way the question is formulated. It is however
reasonable to believe that they can affect all types of research where a user is involved,
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although Blomberg et al. (1993) points out that lack thereof is one of the advantages of
observations compared to techniques where the user talks about the behaviour.

There are two properties of behavioural factors identified by the CADM, which may be
significant for how they could be investigated. One of these was pointed out by Jackson
(2005) when he identified that the factors can either be internal or external. The internal
factors are embedded within the user and include factors such as attitudes, values, habits
and personal norms. The external factors are embedded outside the user, and include
institutional constraints and social norms. As the internal factors are embedded within
the user, it is necessary to gain information from the user to investigate these. The
external factors however, can be investigated without direct input provided by the user.
But this does not necessarily exclude the possibility of investigating the external factors
through input provided by the user.

The other property concerns whether the factor is conscious or unconscious to the user.
Kléckner et al. stated that habits should be considered unconscious, as they are
conducted without deliberate thinking. Thus people are most likely unable to provide
information about this (Klockner et al., 2003). Similarly, Frey (1988) points out that
there can be unconscious reasons why the subjective possibility set overextend or
underextend the objective possibility set. Thus, objective constraints can also be
considered to be unconscious for the user and something the user cannot provide
information about. It should be noted that in the field of psychology, the term
unconscious is used about something the subject is not consciously aware of.

Based on these properties, it is possible to deduce two basic assumptions for how the
different factors can be investigated:

- Only the factors the user is conscious about can be investigated through information
provided by the user.

- Only external factors can be investigated without direct information provided by the
user.

By dividing the factors according to the properties and highlighting the two assumptions,
a matrix indicating how the assumptions affect the investigation of the factors can be
organised as done in Figure 3.1. The included factors are the ones identified by the
CADM (Figure 2.10).
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With input
from the user

Conscious Unconscious

Internal | Intentions Habits
Attitudes
Beliefs
Subjective
constraints
Personal norms
Values

External | Social norms Objective

Without Input constraints
from the user

Figure 3.1. A matrix of internal & external, and conscious & unconscious factors.

The methods that have been included in this review are listed in Table 3.1.

Table 3.1. Methods included in the review.

4.1: Techniques for communicating | 4.2: Techniques for investigating | 4.3: Techniques investigating

with the users: what the users do: both what the users do and
communicating with the users:

Interview Observation Applied ethnography

Focus group Studying documentation Contextual enquiry

Survey Video Ethnography

Verbal protocol Shadowing

Conjoint technique User testing

Wants and needs analysis Empathic design

Card sorting Culture-focused research

Group task analysis

Probes

The methods are divided into three categories, according to how they are used to gather
information. Each method is presented with a description and a summary of what the
literature describes as its purpose. After all the methods in a category are presented,
there is a discussion of the potential for the individual method for investigating the
factors identified by the factor matrix (Figure 3.1). This discussion is based on the
identification of aspects in the description or purpose that qualifies or disqualifies the
method for investigation of certain factors.

3.1.1. TECHNIQUES FOR COMMUNICATING WITH THE USERS.

These methods are based on information provided by the user, which gives access to
internal factors. But as the information only is provided by the user, it is necessary to be
aware that the information is subjective and may be affected by factors such as social
desirability and prestige response bias. These techniques are also not suitable to provide
information about factors that the user is not consciously aware of.
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Table 3.2. Techniques for communicating with the users.

Description of the method

Purpose described in literature

An Interview is a dialogue between a researcher and one
or more respondents. (Aldersey-Williams et al., 1999;
Courage & Baxter, 2005; Preece et al., 2002).

Interviews are suitable to provide information about
individual actions, motivations, reconstruction of decision-
making processes (Aldersey-Williams et al., 1999), needs,
thoughts, experiences (Courage and Baxter, 2005),
attitudes and beliefs (http://www.Usability-first.com). They
can provide rich, detailed data, and give a holistic view of
the system (Courage and Baxter, 2005). Individual
interviews are more suitable to investigate sensitive topics
than methods involving more people (Aldersey-Williams et
al., 1999).

A Focus Group is a group discussion about a product or a
topic (Aldersey-Williams et al., 1999; Courage & Baxter,
2005; Gibbs, 1997; Preece et al., 2002).

Focus groups can provide information about both explicit
and implicit needs and reactions (Aldersey-Williams et al.,
1999). It is useful to gain consensus or highlight areas of
disagreements within the group (Preece et al., 2002),
generate ideas or discover problems, challenges,
frustrations, likes, dislikes, opinions, attitudes,
preferences, initial reactions and priorities (Courage and
Baxter, 2005).

Surveys or Questionnaires are series of questions
requiring direct responses, often multiple-choice or rating
on a scale (Preece et al., 2002, Courage and Baxter,
2005, Maguire, 2001).

Because the possibility to distribute the questionnaire, it is
useful to get input from a large group of people (Preece et
al., 2002). As surveys can be completely anonymous, they
may be more suitable than interviews to investigate
sensitive information. The questionnaire can provide
information about what users want or need, the population
and their characteristics, what they like or dislike,
(Courage and Baxter, 2005) and current work practices
and attitudes (Maguire, 2001).

In Verbal Protocols the subject explains what he or she is
thinking, either by talking aloud while they are performing
a task, or explaining what and why he or she was doing
afterwards (Love, 2005).

This technique is used in combination with observation
and can give information about what a subject was
thinking about, reasons for the way he or she behaved a
certain way, or about particular feelings about a certain
task (Love, 2005).

Conjoint Techniques are based on presenting multiple
design features to subjects simultaneously, and
subsequently asking them to rate combinations of features
(Aldersey-Williams et al., 1999).

Because subjects rate combinations of features, this
method can give information about how much subjects
value individual features (Aldersey-Williams et al., 1999).

Wants and Needs Analysis is done by asking a group of
subjects to brainstorm about what they want or need in a
product they are familiar with (Courage and Baxter, 2005).

The result of this can be a prioritized list of the type of
features and characteristics a subject wants or needs in a
product (Courage and Baxter, 2005).

Card Sorting is conducted by writing features of the
product or system on cards and asking subjects to
organise them or sort them into meaningful groups
(Courage and Baxter, 2005).

Through this technique it is possible to gain insight about
how a subject believes a product functions and thereby
the conceptual model the user has of the product or
system (Courage and Baxter, 2005).

Group Task Analysis is a technique where a small group
of users figures out the steps involved in a performing a
particular task (Baber, Borras, Ltd, Hone, & MacLeod,
2008; Courage & Baxter, 2005; Crystal & Ellington, 2004).

The task analysis aims at explaining about the steps and
the sequence a task consists of, the users’ goal, the
information needed, problems they encounter,
preferences (Courage and Baxter, 2005), description of
observable behaviour (Baber et al., 2008), and/or
constraints imposed by nature and what the user knows
(Crystal and Ellington, 2004).
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In Probes or Diary Studies, participants are given
packages containing different tools to document their lives | By giving participants probes, they are enabled to provide
and experiences, such as a camera, a questionnaire, a personal record of (Love, 2005), and report on their daily
diaries, etc. (Love, 2005; Lucero, Lashina, & Diederiks, lives and experiences (Steen, 2008).

2007; Maguire, 2001; Steen, 2008).

3.1.1.1. DISCUSSION ABOUT THE TECHNIQUES FOR
COMMUNICATING WITH THE USERS.

According to the factor matrix, the methods described in Table 3.2 may have the
potential to investigate all the internal, conscious factors: Beliefs, attitudes, intentions,
personal norms, subjective constraints and values. Based on their descriptions, this can
be true for a number of the methods. Interviews, focus groups, surveys, verbal protocols
and probes are all described as general techniques for acquiring input from the user,
without any limitations to what the focus of the investigation is. Although some
methods may be more suitable than others depending on the purpose and situation. For
instance, group techniques will be less suitable for investigating sensitive topics than
techniques that address only one user at the time.

On the other hand, some of the methods aim at acquiring specific information from the
user. Conjoint techniques focus on investigating the relative importance of product
features according to users. This may provide insight about the attitude, personal norms
and values, as all these are related to the user preferences. The Insight will however be
very specifically connected to the features of the product in focus.

Want and need analysis is a similar method, but focuses on the users inventing new
features, rather than evaluating existing ones. It is not obvious if this will reveal other
factors or address factors more deeply, although the user has more freedom using this
method. Nevertheless, this technique will also focus on factors strongly connected to the
product features.

Card sorting aims at revealing how the user believes that a product functions. This
technique aims specifically at the beliefs of the user, but is also limited to the beliefs
concerning the product and how this functions.

Group task analysis is similar to card sorting, but focuses on a group figuring out the
steps involved in a task, instead of organizing already defined steps. Similarly to the
difference between conjoint techniques and want and need analysis, it is not clear what
effect the involvement of imagination will have for the investigation. Also this
technique investigates believes only about the specific task.

As the insight provided by the four last techniques are so specifically related to the
product or task in question, their usefulness might be limited in projects where more
general insight is needed.
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3.1.2. TECHNIQUES FOR INVESTIGATING WHAT THE USERS

DO.

These methods gather information about the user or the context indirectly, either
through observing behaviour or studying other relevant information. This allows access
to information that the user may be unaware of, but cannot investigate factors that are

embedded in the mind of the user.

Table 3.3. Techniques for investigating what the users do.

Description of the method

Purpose described in literature

Observations consist of watching and recording users’
behaviour, either in the natural context or in a lab
setting. (Aldersey-Williams et al., 1999, Blomberg et al.,
1993, Preece et al., 2002, Love, 2005).

The method can identify illogical behaviour, measure
performance time, insight about difficulties of tasks
(Aldersey-Williams et al., 1999), the natural occurring
behaviour (Love, 2005) and behaviour that can be hard for
the user to describe or explain (Preece et al., 2002). “What
people say they do and what they actually do may be
different (Courage and Baxter, 2005).

Studying Documentation consists of reading about
formal or informal rules, regulations and standards
(Preece et al., 2002).

This may provide information about formal constraints in the
context of the usage, and prescribed procedures (Preece et
al., 2002). This can help understanding norms or values in a
group.

Video Ethnography is a type of observation where the
behaviour of the user in the natural context, is recorded
on video. (Aldersey-Williams et al., 1999; Brun-Cottan &
Wall, 1995; Kujala, 2003; Kumar & Whitney, 2003).

It is useful to identify and analyse work related activities
(Aldersey-Williams et al., 1999), user-based technological
requirements, common comprehension in the development
team of the users’ perspectives (Brun-Cottan and Wall,
1995), making comments about the activities and
recognizing patterns in the behaviour (Kumar and Whitney,
2003).

Shadowing is a technique where the researcher is
following users in their daily activities over a long period
of time, and documenting their behaviour by video
recording or note taking (Aldersey-Williams et al., 1999,
Brun-Cottan and Wall, 1995).

The technique can provide insight about what people really
do (Aldersey-Williams et al., 1999) and it can verify and
correct an evolving understanding of their behaviour (Brun-
Cottan and Wall, 1995).

User Testing are tests where users perform predefined
tasks while being observed and recorded (Aldersey-
Williams et al., 1999, Preece et al., 2002, Sanders,
2006).

The user test is meant to provide information about
performance time, errors and aspects the user finds difficult,
but it can also help explain why users behaved the way they
did (Preece et al., 2002).

Empathic Design is a technique using observation, role-
playing, playing with prototypes, or other techniques to
gain empathy for the user and try out the behaviour in a
certain context (Aldersey-Williams et al., 1999, Steen,
2008).

Through this technique, the researcher can get input about
users’ experiences and emotions towards the surroundings,
in different or future physical, social or cultural contexts
(Steen, 2008).

Culture-Focused Research uses measures like census-
taking and demographic data to look at general patterns
of daily life, for instance value systems or social

structures and relationships (Kumar and Whitney, 2003).

This cannot only provide demographic information, but also
insight about behaviour, beliefs and goals (Kumar and
Whitney, 2003).
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3.1.2.1. DISCUSSION ABOUT THE TECHNIQUES FOR
INVESTIGATING WHAT THE USERS DO.

Based on the factor matrix (Figure 3.1), these techniques (Table 3.3) may be suitable for
investigating the external factors: social norms and objective constraints. There are
differences between these two factors, which affects how they can be investigated.
Social norms are conscious to the user whereas objective constraints are defined to be
unconscious to the user. The conscious aspects of the objective constraints are included
in the subjective constraints. In addition, the objective constraints are found in the
physical world around the behaviour, whereas the social norms are found in the society
around the user. As the social norms are a non-physical factor, they cannot be directly
observed. Thus, techniques based purely on observation, such as observation, video
ethnography, shadowing, user testing and empathic design, will primarily be suitable to
investigate objective constraints. The understanding of the behaviour that these methods
create, can give the researcher hints about other factors as well. However, not all
objective constraints can be observed either. Rules or regulations for instance would be
hard to observe, but could rather be investigated through studying documentation or
culture focused research. But these would only affect the behaviour if the user were
aware of them, and would thus be included in the subjective constraints too. The two
latter methods could also uncover information about social norms when this is included
in the documentation.

3.1.3. TECHNIQUES INVESTIGATING BOTH WHAT THE USERS
DO AND COMMUNICATING WITH THE USERS.

As these methods combine observation with information provided by the user, the
factor matrix (Figure 3.1) predicts that they should be suitable to investigate all the
factors that are external or conscious to the user.

Table 3.4. Techniques investigating both what the users do and communicating with the
users.

Description of the method Purpose described in literature

Applied Ethnography or Field Study is a technique where
the researcher observes usage of products in its natural
setting, and tries to understand why the user behaves the
way he does in the given situation. The technique includes
observation, interview and video analysis (Blomberg et al.,
1993; Sanders, 2006; Steen, 2008; Steen, Kuijt-Evers, &

The purpose is to understanding how people use products
(Steen, 2008) with focus on observing the behaviour in the
natural situation, understanding it in the social and cultural
context, how the user creates meaning (Blomberg et al.,
1993), and understanding the users implicit or non-verbal
needs (Kujala, 2003).

Klok, 2007).

Contextual Inquiry or Contextual Design is a technique This technique can provide details and motivations that

where the researcher joins the user in his work as his are implicit to peoples’ work because they have become
apprentice, in the natural context. (Beyer & Holtzblatt, habitual, who the user really are, how they work (Beyer

1999; Courage & Baxter, 2005; Holtzblatt & Jones, 1993; and Holtzblatt, 1999) and insight into the context of the

Kujala, 2003; Steen, 2008). usage situation (Courage and Baxter, 2005).
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3.1.3.1. DISCUSSION ABOUT THE TECHNIQUES
INVESTIGATING BOTH WHAT THE USERS DO AND
COMMUNICATING WITH THE USERS.

As both methods in Table 3.4 are described as general investigations of the user and the
context, there is no indication that either of them have limitations to investigating the
factors identified by the factor matrix. On the contrary, the combination of observation
and dialogue may improve the level of detail and nuances that can be investigated
through the methods.

There may also be an additional benefit of this combination. According to the factor
matrix, habits are a problematic factor to investigate. Klockner et al. (2003) also
acknowledged this problem. Habits are both internal and unconscious, and none of the
assumptions cover this combination. However, Beyer and Holzblatt (1999) identify that
contextual inquiry has the potential to uncover habits because it may gain insight into
factors that are implicit to the user. The combination of investigating what the user
thinks and seeing what the user does, may indeed make it possible to identify which
behaviours are habitual or not. If this is so, applied ethnography should also have a
similar ability to investigate habits. The same might be true if other methods with
different focuses are combined. This is known as triangulation (Love, 2005).

Another way to investigate habitual behaviour is through longitudinal analysis. This is a
technique where the researcher conducts repeated assessment of the same people over a
period of time to monitor change or development. The assessment techniques can be
anything from video interviews to physical measurements (Aldersey-Williams et al.,
1999; Love, 2005). It can provide information about changes in mental or physical
functioning or capabilities (Aldersey-Williams et al., 1999), development of habits or
changes in attitudes (Love, 2005).

3.1.4. RESULTS OF THE REVIEW

Figure 3.2 aims to summarise the conclusions from the review by matching the methods
with the factors discussed in the previous sections. As pointed out in the review, some
of these methods are general whereas others can only investigate the aspects of the
factors that are closely related to the topic of the investigation. Triangulation of methods
may result in the possibility to investigate more factors than just the sum of the factors
the methods initially could investigate.
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Figure 3.2. Matching methods with factors.
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3.1.5. THE METHODS APPLIED IN THIS PROJECT

The varying nature of the investigations in this project has required the application of a
number of different methods. Some of the investigations have been user research related
and have applied methods described in the previous sub-chapter, whereas other
investigations have focused on collecting already existing knowledge, gathering other
types of data or evaluating results. Table 3.5 contains a summary of the main methods
applied in this project. Some of these methods are complex and could be separated into
individual components - for instance the inclusion of oral feedback or evaluation surveys
in some of the workshops and projects - but are maintained as they are because they
together contribute with the relevant information and it may be difficult to separate the
results of each method.

Table 3.5. The main methods used in this project.

; P Chapter /
Method Topic Description Result Paper
DfSB i . , } Four dimensions were
Literature dimensions Reviewing DfSB literature to identify identified: Control, Chapter 2.1.1
study and glmensmng andfrf)nnmréleﬁ that affects Obtrusiveness, Empathy and / Paper 5
principles. ow a product affects behaviour. Direction.
Reviewing social psychology The CADM is identified as a
B : . p " o) promising model. It describes
. ehavioural literature to identify a promising : Chapter
Literature models and | behavioural model describing the that behaviour can be affected 2211/
study . ; 9 by Habitual, intentional and S
factors. factors affecting behaviour, and A ’ Paper 5
investigation of these factors situational factors, and
) indirectly normative factors.
Literature Requirements | Reviewing design research literature | The identification of a number Chapter
study for design to identify relevant requirements for of requirements, among them 2.1.31/
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tools. development of DfSB tools. that the tool must have many Paper 1
examples, be primarily visible,
have simple language, etc.
Workshops with design practitioners, | The identification of 55 Chapter
Investigating | DfSB investigating which aspects of the dimensions, which could be 4 1a§ 16/
workshop dimensions design of a product they believe divided into 9 dimension Paper 1
affect the behaviour of the user. categories. P
: Single air adjustment lever with
! Workshop with Jatul employees to indications for correct positions, Chapter
Creative New generate ideas for how a wood stove thermometer with indications 4243/
workshop woodstove could be designed to make people hen to adiust the | dq Paper 2
use it in the desired way. when 10 adjust ine lever, and a aper
simplified user manual.
Investigate .

Applied how people Video recording and interview about Sécohp%aaigwoug$§gvggd why g’gaftf;
ethnography \L/vaoeo(tjhsigves woodstove use of 17 participants. translated into four personas. Paper 2
Investigate Interviews about energy consumption | Rich data about what people

Applied energy and guided tour of the energy believe consumes energy and Chapter 4.2.3
ethnography | consumption | consuming appliances in 10 UK their willingness and constraints P <
in households | homes. for reducing it.
Large need for improvement,
Student Evaluating Some application in various redesign- | especially on usability, Chapter
design Tool 1, 1 projects by 36 3 year students in an | integration in design project 4111/
project iteration. Eco-design course. and how visual and inspiring it Paper 6
is.
Some need for improvement,
Student Evaluating Graduation project on oral health especially simplifying Chapter
design Tool 1, 2" care. Applied to generate ideas and | description of behavioural 411.2/
project iteration. guide the selection of concepts. factors and support on how to Paper 7
integrate in design projects.
The main topic in redesign-projects
stud Eval tczj)y 35 3 year s}udents in an Eco- ch
tudent valuatin esign course, focusing on apter
design Tool 1, 3’§ dishwashing, laundry, disposal of the itr(ijr?l S;ﬁgl‘gszed%?;%n 4113/
project iteration. special waste in homes, food waste pirng 9 Paper 6
and energy consumption while
sleeping.
Evaluatin 15 participants at the Persuasive The tool is too rigid and should
Comparative Tool 1 4mg 2011 conference generated ideas to | include the identification of Chapter
workshop iteration solve a behaviour design problem, principles the users will not 411.4
first without then with the tool. accept.
Full day workshop with 12 designers | The effect of the individual
: and design students at Stanford variation among the designers
Comparative %g:uzatgng working in pairs to solve a behaviour | had larger effect than the E’qag?;
workshop iteration design problem. Two pairs with tool 1, | variation in the tools, making it Paper 1
two pairs with tool 2 and two pairs impossible to draw conclusions p
with a control tool. from the results.
Full day workshop with 46 students at
TUDelft solving one of three
Comparing behaviour design problems in teams | The teams with the tool used
. Tool 1. 5 of two or three. First half with and half | significantly more unique Chapter
Comparative iteration and without the tool, then new problems approaches in their concepts, 1124
workshop tool 2. 15t and all teams had the tool. The teams | than the teams without the tool. Paper 1
iteration generated ideas and created The survey showed that the tool p
’ concepts. Evaluation by comparing was received fairly well.
number of ideas and approaches
used in concepts, and survey
gocgﬁ\%ﬂﬁgggJ&%gtggoﬁlgrgr'g either Half of the participants using
Compare prototype. They maintained the fire the prototype were affected by
; frgho g the new design. They behaved Chapter
Lab prototype with | until 80% of the mass of the wood more in line with the desired 4245/
experiment conventional | had burned. The behaviour was : Sy
B behaviour than the others, and Paper 2
woodstove monitored, and temperature had lower emissions. although
development and emissions of COa, the results are non-si nificagt
CO, Oz, NOxand PM were measured. -Sig )
Comparing the sales of ecological
Natural field Ecological eggs from two grocery stores, with no | None of the manipulations had
experiment egg manipulation, posters informing about | any effect on the sales of Chapter 4.2.2
purchases animal welfare and stickers with ecological eggs.

“animal welfare label”.
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4. RESULTS

A number of different types of results have been produced in this research project. As
the main goal of the project was to develop tools to help designers make informed
decisions about how they design behaviour changing products, several of the main
results are related to the development of these tools. In summary, the project has
provided answers to the research questions (Chapter 6.1), resulted in fourteen papers,
two conference posters, two design tools (Chapter 4.1.1 & 4.1.2) and four case studies
(Chapter 4.2), in addition to the case studies conducted by students more or less drawing
upon this research. This chapter contains the description of the development of the tools
and case studies, and abstracts of the publications that are included in this thesis.

During this project, two tools have been developed to support the design of behaviour
changing products. The first tool, Principles of Behaviour Change, was developed
through 5 iterations and formed the basis from which the second tool, Dimensions of
Behaviour Change, was developed through 2 iterations (see Figure 4.1). This chapter
contains the description of each of these iterations, including the collection of the new
insight that lead to the development and the description of how each iteration was
evaluated. A complete version of the final tool can be found in Part III.

. f Bohavi
oot principles of Behaviour Chan o Input/ alterations

Distribution of Control
Behavioural factors

Evaluation/ testing

Students in sustainable

design course, 2011 7 /teraton

Control-obtrusiveness landscape

Graduaiton project of Visualised guidelines

master student, 2011 = /teration

Booklet - Principles of B. Change

Students in sustainable Design process

design course, 2012 Z Jteranon

Improved visualised guidelines
Workshop at Persuasive

technology 2012 < /teration

Simplified instructions
Including unsuitable areas
S /teration

Workshop at Stanford
University, 2013

Extensive list of requirements
Mapping relevant dimensions
7 /terat\on\

Improved explanation
More visual examples

Workshop at Delft

University 2013 = /teratiion

nsions of Benhaviour CN

7\
Oo/ o i Z00°

Figure 4.1. The five iterations the Principles of Behaviour Change and two iteration of DBC.

4.1.1. TOOL 1 - PRINCIPLES OF BEHAVIOUR CHANGE

The starting point of this project was to investigate how the insights from behavioural
psychology can inform the selection of design principles to affect behaviour. The results
of this investigation were summarised in a condensed and simplified guide connected to,
first, the distribution of control and later to the landscape of control and obtrusiveness.
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In the first iterations, this material was evaluated without having undergone any
extensive design process.

4.1.1.1. TOOL 1 - 1STITERATION — DISTRIBUTION OF
CONTROL AND CADM

This first part of Chapter 4.1.1.1. is adapted from the original text in Zachrisson and Boks, 2010; When to
apply different design for sustainable behaviour strategies?, presented at ERSCP-EMSU in Delft in 2010,
which was later reworked and published in Zachrisson and Boks, 2012; Exploring behavioural
psychology to support design for sustainable behaviour research, JDR 2012.

The initial development of a tool to support designers in making informed decisions
about which behaviour principles they should apply in their projects, was based on a
literature review of behavioural psychology. By investigating how the various factors
identified by behavioural models could be affected by the design of products and
variations in how much control the user had over the interaction, a number of
observations or recommendations could be developed. The results were presented as a
set of guidelines, but no significant effort were yet made to present them in a why that
could be easily applicable for designers. The analysis and guidelines were presented at
the ERSCP-EMSU conference at Delft University in the Netherlands in 2010
(Zachrisson & Boks, 2010) and was later reworked and published in Journal of Design
Research (Zachrisson & Boks, 2012).

As described in chapter 2.2.1.1 an assessment of behavioural models from social
psychology resulted in the identification of the CADM (Figure 2.10) (Kléckner &
Blobaum, 2010) as a promising framework to guide the exploration of the various
behavioural factors. The CADM explains that there are three direct types of factors
affecting individual, sustainable behaviour; habitual factors, intentional factors and
situational influences. In addition the behaviour is affected by normative factors, which
affects the behaviour indirectly by influencing the intentional and habitual processes.

Situational influences are constraints and possibilities created by the context or the
product itself. The way the product is designed, or the way the context around affects
the interaction with it, determines the constraints and/or possibilities the user
experiences when using the product. It also affects the user’s perceived behavioural
control. Are there limitations or possibilities among the capabilities of the user? Are
there aspects in the usage situation or the context of the usage that enable or limit
certain types of behaviour? This is already a topic of user centred design literature
(Preece et al., 2002) and is commonly integrated in design processes (Maguire, 2001);
understanding the context can predict the effectiveness of design strategies.

According to the CADM, situational influences consist of objective and subjective
constraints. Objective constraints are something that is actually constraining. Subjective
constraints are something that is perceived to be constraining. No matter if the
constraints are real or only perceived, they can strongly affect a user’s behaviour,
including the amount of attention the user is able or willing to give the interaction with a
product. For instance, if a product is designed to be used while the user is driving a car,
it 1s crucial that the product is possible to operate with only one hand and suddenly can
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be left alone without this causing any problems. It is also important that the interaction
with the product does not require much attention or reasoning from the user, as he/she
should focus on driving. Both these concerns are already identified and included in
standard design processes and will directly say something about the applicability of
different strategies. However, as earlier described, there seems to be a tendency that the
more control the user has, the more cognitive load the interaction requires. Based on
this assumption, the understanding of how much attention the interaction with the
product can demand, can be a strong indicator of how much control the user should
have.

An important source to understand the intentional processes is the Attitude-
Behaviour-Context theory (ABC theory) by Stern (2000). The theory discusses how
contextual factors affect the influence attitudes have on behaviour. The contextual
factors consist of external factors, such as laws and regulations, community expectations
and global variations (e.g., interest rate and oil prices), but also of the capabilities and
constraints provided by the technology and built environment (Stern, 2000). This is
similar to what Kléckner and Blébaum (2010) call situational influences. Stern implies
that when the context affects the behaviour strongly, positive or negative, the attitude
has little influence on the behaviour. But when the context effect is small or neutral, the
attitude of the user plays a significant role for the behaviour. He describes this as an
inverted U-shaped function (Figure 4.2).

Low Attitudes effect on behaviour High

- Strength of contextual factors +
Figure 4.2. lllustration of the ABC theory.

In other words: if the external factors or the design of the product make it very easy to
behave in a certain way, or sufficiently difficult to prevent behaving that way, users will
behave this way no matter what their attitude is towards the behaviour. The opposite is
the case when the context makes the behaviour difficult. If something is impossible to do,
users will not do it, no matter how much they want to. To illustrate this with an example,
imagine a situation where a person might or might not travel to work by bus. If there
are no bus routes available, one cannot travel by bus even if a strong wish to do so exists.
Alternatively, if one does not have any other means of transportation, one needs to take
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the bus even if one resents doing so. However, if both bus and car are equally available
and convenient, one’s preference may determine the choice of travel.

The intentional factors in the CADM are interconnected in a hierarchical structure.
“The intentional processes capture all aspects of deliberate decision making based on
knowledge and beliefs about product characteristics, the resulting attitudes about it, and
forming an intention to buy a certain product” (Kléckner, 2010, page 6). This relation
between the factors also seems apparent if the logic reasoning in the ABC theory should
be applied on intentions or belief. Based on this, it can be assumed that the ABC theory
really discusses how the strength of the context affects deliberate behaviour decisions.

This points out an interesting aspect of the distribution of control. As the strategies leave
varying degrees of control to the user, it is reasonable to assume that it will be beneficial
to use strategies where the degree of control for the user is corresponding with how
much the user’s intentions, attitudes or beliefs are in line with the intended behaviour.
The following section aims at investigating what the ABC theory implies, described
from the viewpoint of design for sustainable behaviour. From this perspective, the
strength of the contextual factors can be seen as how strong it forces the user to behave
a certain way. For the sake of the analysis, the distribution of control is simplified and
separated into the three different main parts; informing, persuading and controlling.

At the informing end of the spectrum, the user is completely in control but receives
information or feedback about the behaviour or the consequences of it. For this to be
effective the user has to take in the information, and be willing to change the behaviour.
This implies that the user should have a positive attitude or be motivated to perform the
intended behaviour. This is supported by the finding that feedback is only effective if the
user has a goal that the feedback helps to achieve (McCalley & Midden, 2002). It is of
course possible to try to change the beliefs of the user, and thereby the attitude and
intentions, by providing the user with information. How likely this is, will depend on
how strong the beliefs of the user are and whether the user is open for changing beliefs
or not (Verplanken & Wood, 2006).

At the persuasive part of the spectrum, the user is still in charge, but the product takes
more control by making the desired behaviour easiest or most intuitive. These strategies
can be assumed not only to be effective on users with a positive attitude but also on users
who do not have a particular attitude. If the desired behaviour is easiest, this is what the
user can be expected to do, as long as no effort is made to behave in another way. If
someone chooses to make such an effort, it can be assumed that a negative attitude
exists towards the intended behaviour. This could either be because of a belief that the
intended behaviour is wrong, or simply because a positive attitude exists towards an
opposing behaviour. This effect was also identified by Stern (2000), who suggests that
“environmental significant behaviour can also be affected by non-environmental
attitudes”.

The determining strategies take the control away from the user by restraining certain
behaviour or automatically performing actions. This can either be apparent to the user
or be done without the user being aware of it. Because the behaviour is not the result of
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the user’s attitude, it can be assumed that this strategy can be effective for all the above-
mentioned attitudes. There are however a number of potentially negative consequences
of taking the entire control away from the user. As pointed out by Jelsma (1997), users
may feel manipulated and forced, which may result in resistance to, or alteration of the
product. Other consequences may be related to the users’ awareness of the
consequences or feeling of responsibility, and ethical and moral implications (see
chapter 2.1.5). These potential rebound effects and ethical implications should be taken
into consideration if applying strategies from the determining end of the spectrum.
However, “there does not appear to be any hard and fast answers to the underlying
moral concerns of influencing behaviour through design™ (Lilley, 2007).

Summarising the three attitudes identified above:

‘Positive users’ are wusers that are willing to make an effort to behave
sustainably. Example: Hotel guests will make sure that towels are hung appropriately to
avoid that they will be changed, even if they are wet or slightly dirty.

‘Neutral users’ are not willing to make an effort, but don’t mind if their behaviour is
sustainable. Example: Hotel guests will hang towels they do not mind using again if they
remember to do so, but they do not really mind if they forget.

‘Negative users’ have beliefs or attitudes that make them negative towards the intended
behaviour. This can either be directly towards the goal (in this case sustainability), they
want to act un-sustainably as a principle, or they might just have other priorities such as
comfort or economy. Example: Hotel guests will always leave towels on the floor to have
them changed, in order to get the maximum out of the money they have paid to the
hotel.

It should however be noted that it is an oversimplification to categorise a person’s
attitude simply as either positive, neutral or negative. In reality, unlimited variations
exist of how positive or negative a person’s attitude is towards a given behaviour. The
above analysis 1s in other words only a logic construct to help investigate how likely the
effectiveness of a strategy is, depending on its division of control. The resulting
hypothesis of the relation between user attitudes and the division of control can be
simplified as done in the following model (Figure 4.3). This model is based on the
viewpoint that “if the investigator chooses to observe a single action with respect to a
given target in a given context in order to obtain correspondence, the attitude also has
to be very specific” (Ajzen & Fishbein, 1977, page 913). In other words, it is important
to identify the attitude of the user towards the specific behaviour of interest, and not the
general value of the user. This may result in varying attitudes from the same user
depending on the behaviour in focus. Therefore, if this should be used as input for
selection of design strategies, it is important to investigate attitudes towards the specific,
intended behaviour.
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User in control Product in control
Informing Persuading Determining

+ 7
z

User attitude

K Negative behaviour change  FJ Positive behaviour change
Figure 4.3. The consequence of users attitude and their level of control.

As described in chapter 2.2.1.1, the CADM identifies three types of habitual
processes; schemata, heuristics and associations. For the purpose of this analysis it is
assumed that all three habitual processes can be treated the same way and considered as
simply being habits. There are several reasons for this. First of all, the literature
describing strategies for breaking habits (Jackson, 2005b; Jager, 2003; Robertson, 1967,
Verplanken & Wood, 2006) does not make a distinction between the different habitual
processes. As this literature is the primary source for the analysis, it is a challenge to
make such a distinction. In addition, the automated effect the habitual processes have
on the behaviour is the same and it is suggested that the formation of all of them have to
go through the step of successfully performing the behaviour (Klockner & Matthies,
2012). If future research uncovers properties of the different habitual processes that are
crucial for the selection of design strategies, another analysis should be conducted
including this distinction.

Before analysing habits, 1s it important to be aware of an aspect pointed out by Jager.
“The habitual behaviour in question has been performed for the first time at a given
moment” (Jager, 2003, page 4). In other words, before the behaviour has become
habitual, it is affected by the same factors as any other behaviour and is subject to the
situational and intentional processes. This will also be the case if the habit is broken and
the behaviour no longer is habitual (Jager, 2003). Accordingly, habits should be
addressed in two different manners. In the cases of ‘bad’ habits, it can be relevant to
break the habits and make the behaviour subject to situational and intentional processes.
In case of ‘good’ behaviour, it can be relevant to ensure repetition by making it habitual.
Or as Verplanken and Wood (2006) point out, interventions can disrupt old habits and
establish new ones.
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The creation of habits is assumed to go through three stages; firstly, the declarative stage,
in which facts about the skill domain are interpreted. Secondly, the knowledge
compilation stage, where knowledge 1s converted into a procedural form and can be
directly applied without further interpretation, and finally the procedural stage, where
knowledge can be applied more appropriately and the process can be speeded up
Anderson (1982). Both Klockner and Matthies (2012) and Jager (2003) identify that
repetition is crucial in the formation of the habit. Jager also points out that the context
around the behaviour should be similar from one time to another and the direct
outcome of the behaviour should be satisfying for the user. “The closer the
reinforcement follows after performing the behaviour, and the more often a
reinforcement follows after performing behaviour, the stronger the stimulus-response
relation or script gets” (Jager, 2003). Even though the design of the product can support
the formation of circumstances that might trigger the script, this is a complex matter as
the context of the behaviour is often hard to control. The positive reinforcement is
however something that could be created by the product and therefore is a factor to
look for in the choice of design strategies. This type of strategy is referred to by Bhamra
et al. (2008) as eco-spur, or by (Lockton et al., 2010a) as rewards.

The automatic, unconscious nature of habits can make them difficult to change
(Verplanken & Wood, 2006). Before a habitual behaviour can be changed, it is
necessary to make the behaviour subject to conscious deliberation by ‘breaking’ the
habit (Jager, 2003). There are several different strategies and approaches for breaking a
habit. Verplanken and Wood present three interventions for policy makers to change
habits, Downstream, Downstream-plus-context-change and Upstream. Downstream
interventions are information campaigns, and are argued to have limited ability to
change behaviour. If the information is presented at the moment when the
circumstances that trigger the habit are being changed, they are much more likely to be
effective. These are referred to as Downstream-plus-context-change interventions. The
most effective interventions however, are Upstream interventions, where something in
the performance environment is being changed (Verplanken & Wood, 2006). The latter
one 1s also recognized by Jager, who points out that removal of a stimulus, might stop
the “script” from being activated. He also identifies that change in the experienced
outcome of the behaviour or making the behaviour impossible will break the habit
(Jager, 2003). Another approach to breaking habits was proposed by Robertson (1967)
in his classification of innovation according to its affect on established patterns. He
classified innovations into three categories: continuous, dynamically continuous and
discontinuous. Continuous innovations are minor alterations of products, such as
fluoride toothpaste, and have the least disrupting influence on established patterns.
Dynamically continuous innovations are the creation of a new product or the alteration
of an existing, such as an electrical toothbrush, and have more disruptive effect.
Discontinuous innovations are establishments of totally new product types, such as the
introduction of a new chewing gum, which makes brushing of teeth unnecessary. This
will establish totally new habits.

From an interaction design point of view, this classification points out what might
already be implicitly understood. The more innovative, or different from the previous,
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the interaction with a product is, the stronger is its ability to break a habit involving the
product. This idea of removing the triggers for the habit is the same as Jager, and
Verplanken and Wood identified above. The product, or the way to interact with it, can
be among the factors that trigger a habitual behaviour and, because the product is often
in the focus of the user, it can in fact be considered as one of the most important factors.
In other words, the new product’s ability to break old habits will be related to the
novelty of the interaction with the product. The opposite should also be true. If the aim
1s to maintain a habit, a new product should avoid novelty in the interaction.

According to the CADM, the mormative processes do not affect the behaviour
directly, but are affecting both ‘intentional processes’ and ‘habitual processes’ (Kl6ckner
& Blobaum, 2010). Personal norms are stable over time and are representations of one’s
value system and mediated by social norms (Kléckner & Matthies, 2012). Schwartz
(1977), page 274 states that norms affect attitudes as “evaluations of acts in terms of
their moral worth to the self”. In other words, norms will affect the choice of design
strategies by being the criteria the user applies to evaluate whether a given solution is
acceptable or not. This can disqualify the strategy, even if it otherwise would be likely to
have the desired effect, if it for instance violates the user’s value of freedom by forcing
certain behaviour. It can also be experienced as a positive reinforcement of a habit, if
the user experiences that the behaviour or the outcome of it supports his/her values or
norms.

The summary of these observations can be presented as a set of design guidelines (Table
4.1).

Table 4.1. Summary of the guidelines.

Principle [Rationale [Example

Situational Influence and Intentional Processes

The more cognitive workload a user can
manage given a product context, the more
control the user can be allowed to have over
the interaction

Strategies where the
user is in control often
require more attention
because the user has to
consciously understand
and interpret more.

When designing a car stereo, it may be a
good idea to avoid providing the user with
too much information or feedback from the
system, as the attention should be focused
on the driving.

The more a person’s beliefs, attitudes and
intentions are in line with the intended
behaviour, the more control of the behaviour
can be given to the user.

A user can only be
expected to make an
effort to do something,
if he/she is motivated to
do so.

You can only expect a person to buy
ecological eggs because of information
about animal welfare, if the person thinks
animal welfare is important.

Habitual Processes

To create or maintain a habit, the experience of
using the product, the interaction with the
product and the context around the interaction
should be as stable as possible. The user
should also be given positive reinforcement as
often and as closely related to the behaviour as
possible.

If a user gets a positive
experience by doing
something, and repeats
it multiple times under
similar conditions, it
may become automatic
and a habit is created.

If a room is to be refurbished, but it is
desirous to maintain that the users
unconsciously turns off the light when
leaving a room, the experience of turning
off the light should be maintained by
choosing the same or similar type and
position of the light switch.

To break a habit, make the user aware of the
behaviour and make it less desirous to behave
s0. The user may become aware of the
behaviour by changing the experience, making
it more difficult or impossible, or through a
completely new way of interacting. The
behaviour can become less desirous if positive
experience from the behaviour is removed, or
negative is added.

To break a habit, the
user should be made
aware of what he/she is
doing and be motivated
to change it.

To prevent car use during commuting, free
parking at work can be removed, and
information can be provided about how
much money, time, and/or environment that
can be saved by using bikes or busses
instead. By removing the free parking, the
commuter is made aware of the behaviour.
Providing motivation for finding alternative
ways of commuting may then change the
former habit.
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Normative Processes

A person, who considers it to be a personal
right to choose to use a seat belt or not,
may not be willing to have a car that forces
the driver and all the passengers to use it.
Instead of successfully changing the
customer’s behaviour, he or she will choose
another car.

The values and norms
determine what a user
thinks is right or wrong.
If these are violated, the
user will probably not
accept the design.

The product, interaction, outcome or behaviour
should not violate the user’s values or norms.
The values and norms can determine what the
user finds acceptable, for instance how much
control a product may have.

Evaluation

To conduct an evaluation of the initial guidelines, collect feedback of how designers
experienced them and inform further development, the guidelines were integrated into
the course material for an 7,5 ECTS sustainable design course for 3" years design
students at the institute of product design, NTNU. The course had in previous years
had a more traditional life-cycle focus and this was the first year the course had an
explicit behaviour change component. A total of 36 students, about half from product
design and half from industrial ecology or exchange students, were divided into 8 groups.
During the semester, each group should analyse an existing product, investigate the
environmental aspects of it, and propose a redesign. The products chosen by the groups
were; mouth wash, toothbrush, thermo cups, diapers, razors, and bathroom cleaning
product. In addition to the traditional focus on materials properties, recyclability,
product life time, etc. the students were obliged to also consider the behavioural aspects
of the products, using the guidelines.

The result of this first exposure of the guidelines to design students was the identification
of a substantial improvement potential of the guide. Generally the students found the
idea of designing products in such a way that interaction with them result in reduction
of environmental impact both exciting and challenging. It was obvious that the students
needed guidance to support their understanding of when different types of design
principles were likely to result in the desired behaviour. At the same time, both the
feedback from the students and the results of their projects illustrate the shortcomings of
how the guidelines attempt to provide the students with this information. The guidance
should be presented in an easier to understand, more visual and more intriguing way, to
ease the integration into design projects. Although the principle of behaviour changes
was considered inspiring, the students found it difficult to apply in practice in their
projects. As a consequence of the relatively demanding, uninspiring and “dry” way the
initial version of the guidelines, the behavioural aspects of the design projects received
less attention both in the project, report and final redesigns, than could be expected.

4.1.1.2. TOOL 1 - 28D ITERATION — IMPROVING THE
GUIDELINES

Chapter 4.1.1.2. is adapted from the original text in Zachrisson and Boks, 2011; Obtrusiveness and
design for sustainable behaviour, presented at Consumer 11 in Bonn, Germany.

One of the main developments of the guidelines between the first and the second
iterations, was that they were somewhat expanded by the introduction of obtrusiveness,
as another dimension than the distribution of control. The notion of considering the
obtrusiveness of design solutions is not novel. Understanding and controlling the
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amount of attention a product or feature demands from the user has been a topic of
inquiry the last decades (Horvitz, et al., 1999; Matthews, et al., 2004; McCrickard, et al.,
2003; McCirickard & Chewar, 2003). Some of this research has been directed towards
reducing the obtrusiveness to make a design easily acceptable or fitting for particular
situations (Hansson & Ljungstrand, 2000; Hansson, et al., 2001; Weiser & Brown, 1996).
Others have aimed at understanding how variations in obtrusiveness may be

appropriate according to the situation. DS McCrickard et al. (2003) identify that when
designing alerts in a computer system, there are often three conflicting design objectives;
“Interruption to primary tasks, reaction to specific notifications, and comprehension of
information over time”. They point out that “there should be a balance between
attention and utility (McCrickard et al., 2003). McCrickard and Chewar (2003) present

a framework for this “attention-utility trade-off”. This framework is illustrated by a cube
with interruption, reaction and comprehension as the three dimensions (see Figure 4.4)
and can be used as a tool to analyse the obtrusiveness of an alert. Where in this
framework the appropriate alert should be positioned, depends on the urgency,
importance and type of information that is to be conveyed. The way information is
presented affects how it will be adopted (Roberts & Baker, 2003). Fischer (2008) explains
this by the understanding that “the information needs to capture attention and be
understood before it can become effective”.

ﬂl

Interruption

Comprehension

‘/ix‘t,'m tion

Figure 4.4. Attention-utility trade-off (McCrickard & Chewar, 2003). A three dimensional space
created by the axis: Interruption, Comprehension and Reaction.

Matthews et al. (2004) also recognize the need for determining how much attention a
design should require. They describe variation in the notification level where
“notification levels represent relative information importance” (page 247). The more
important a stimulus, the more attention it should consume” (Matthews et al., 2004).
They define five notification levels; “ignore, change blind, make aware, interrupt, and
demand action”. These represent a scale, from notifications that should demand no
attention to notifications that demands attention and requires that the user performs an
action to stop the alert. Also McCrickard and Chewar (2003)) point out that urgent,
important information should be presented in a way that immediately draws the users
attention.
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Drawing the attention of the user is also a key feature of one of the most promising
strategies to break habits, identified by social psychology. “A vital ingredient for
changing habits is to ‘unfreeze’ existing behaviour to raise the behaviour from the level
of practical to discursive consciousness” (Jackson, 2005b, page XI). By changing
something in the situation around the habitual behaviour, the person may become
aware of the behaviour and thus the habit may be broken (Jager, 2003; Verplanken &
Wood, 2006). For this to be effective it is important to focus the attention of the user to
the situational cues, to avoid the habits from blocking the attention (Klockner &
Matthies, 2004). “Attention- grasping facilities are likely to cause behavioural changes
that should be stable and observable over a longer period of time” (Holland, et al., 2006,
page 778). However, obtrusive designs may also have negative effects on the user and be
harder to accept. Users may experience intrusive interference as both annoying and
distracting (Pettersen, 2009). In an experiment aiming at making students conserve
water and energy by placing informational signs in university showers, Aronson and
O'Leary (1982) found that “making the signs more obtrusive increased compliance but
also increased resentment” (page 219).

The potential of controlling the attention of the user has also been identified as a
dimension of which strategies for behaviour change may be distributed. In 2006, Jelsma
presented a paper describing different properties of a script. He defines a script as “a
material structure that, by its specific layout, exerts force on the actions of its user”
(Jelsma, 2006, page 223). One of the properties he identifies is the “force” of the script,
which he describes as “restricting the opportunities for undesired use, or strengthening
the stimuli for desired use” (Jelsma, 2006, page 223). By varying the strength of the
Obtrusiveness and design for sustainable behaviour stimuli, the product may require
more or less attention from the user and thus have various degrees of obtrusiveness.

A shift from a one-dimensional distribution of strategies to a two dimensional space may
prove to have a number of advantages. First of all, it will enable a higher granularity of
the design strategies by adding an additional property, by which the strategies may be
identified. This may enable a distinction between different strategies, which would not
be possible on a one-dimensional distribution. This will not only open up for more
precise identification of the strategies, but also potentially enable a more precise
recommendation of strategies for a given situation. Secondly, the additional dimension
describes properties of the strategies that were not identified by the first dimension. This
additional property enables a more precise understanding of how the various strategies
may affect the behaviour of the user and thus contribute to a better chance for achieving
the intended behaviour change. The literature review of the effects variations in
obtrusiveness may have on the user, can be summarised as following:

* The higher the importance or urgency, the more obtrusive the strategy may be.

* Habits may be broken by making the person aware of the habitual behaviour. For a
strategy to achieve this, it should be obtrusive enough to gain the attention of the user.

* The more obtrusive a strategy is, the grater is the chance that it will be experienced as
annoying or distracting by the user.
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This second part of chapter 4.1.1.2. is adapted from the original text in Zachrisson et al. 2011; Using a
guide to select design strategies for behaviour change; Theory vs. Practice, presented at EcoDesign
2011 in Kyoto, Japan.

The feedback and experience from the first iteration initiated further development of
the guidelines. The guidelines were presented in a shorter, more concise format and
accompanied by graphs, illustrating the guidelines (see Figure 4.5). However, the
understanding of the potential and implications of including obtrusiveness was not fully
developed before the new format of the guidelines were tested. In this iteration,
obtrusiveness is thus included more as a supporting aspect than an equal dimension with
the distribution of control.

Habits 8
The more novel the user experience is, the larger 9
the chance is that current habits will be broken %
To maintain a habit, ensure positive reinforcement Effect on habit

as immediate as possible after the behaviour.
To break a habit, remove the positive
reinforcement

Habits may be broken by making the person
aware of the habitual behaviour. For a strategy
to achieve this, it should be obtrusive enough to
gain the attention of the user.
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May have
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On the task, the less control the user should be
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@alues & norms

Decreased control to the user may lead to
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Strategies

To avoid acceptance problems, the product,
interaction, behaviour or outcome should not
violate the user’s values or norms.

Ifmportance/ annoyance
The higher the importance or urgency, the more

obtrusive the strategy may be.

Strategies

The more obtrusive a strategy is, the grater is the
chance that it will be experienced as annoying or
{istracting by the user.

Guiding condition

Figure 4.5. Guidelines with illustrating graphs.
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Evaluation

The 2nd iteration of the guidelines were applied in a graduation project by a master
student at the Institute of Product Design, NTNU in collaboration with Philips
Research in Eindhoven, The Netherlands. The topic of the project was sustainable
behaviour in the context of oral health care. In this project the oral health care practices
of a target group of Norwegian or Dutch citizens within the age of 25-35 and 50-65 was
investigated by using a combination of several user-centred-design research methods:
interview, observation, video recording, cultural probing, survey, generative sessions
and a blog analysis. This resulted in a rich base of information concerning how the oral
health care was conducted and the various factors that affected this behaviour.
Structuring and analysis of the data could then be used as the input for the guidelines
and should enable the identification of the type of design principles that would be most
likely to have the intended effect. The scope of the project made it suitable to evaluate
the structure of the guide, as it included an extensive user research and aimed to
translate this into behaviour changing design solutions.

The exercise of structuring the data and applying the guidelines identified a number of
problematic aspects of the guidelines although it also provided valuable support during
the project. Early in the project, it became apparent that it was unclear where in the
process of designing for behaviour change, the guidelines were supposed to be applied.
This became particularly clear when preparations were made for a creative workshop to
generate ideas for design solutions. Either, the guide could be used to limit the selection
of possible design strategies before generating ideas, or it could be used to evaluate the
ideas and identify their potential after they had been generated. The advantage of
limiting the solution space before generating ideas could be to have a more focused idea
generation process and avoid a lot of time and energy being spent on ideas that easily
could have been dismissed beforchand. On the other hand, such a narrowing of the
solution space could exclude the potential of promising concepts being inspired by ideas
that originally were unsuitable. In this project, the guide was primarily used to evaluate
the ideas after the workshop. However, the overview of the different factors that may
affect behaviour was used as a checklist during the user studies and preparation of the
workshop, to make sure that all the factors had been investigated. This may perhaps also
be a third way of using the guide, which might prove to be valuable also in future
versions. To ease the use of the guide, there is a need to explain where it is intended to
be used in a design process.

The behavioural factors identified by social psychology can be difficult to grasp for
designers within the limited time they normally have at their disposal. One of the
primary reasons for this is probably the level of detail and distinction between different
concepts that are unfamiliar for designers. For instance, it cannot be expected that
designers are familiar with the difference between the different forms of habits:
schemata, heuristics and associations. Such distinctions may be unnecessarily
complicated, as the guide also does not distinguish between the different types. Rather
than trying to distinguish between attitude, beliefs and intentions, it might be sufficient
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to figure out the intentional factors, or “what the user wants”. After all, the factors are
connected in a hierarchical structure where intentions are affected by attitudes, which
again are affected by beliefs (Klockner, 2010). It might, however, be useful to distinguish
between these three when analysing how a particular intention may be changed. By
understanding the hierarchical relation, one can affect intention by addressing the
underlying attitude, and similarly affecting attitudes by addressing beliefs. A simple
explanation of these relations should be included in the guide.

In addition to experiencing difficulties with structuring the information according to all
the individual factors identified by the CADM, the format of the recommendations
given by the guide was experienced as unclear and a bit hard to grasp. In particular the
illustrations were not clear and should be presented in a simpler manner.

As the guidelines identify promising design strategies according to specific information
about the user or the context, the recommendations will vary depending on the target
group and which factors one identifies as the steering once. There may be variation in
which part of the behaviour it is relevant to address and which factors affect the
behaviour the most. The designer will have to select the most important ones and use
these as the input to the guide.

Also, in some cases the suggestions by the guidelines may be in conflict. This can be
illustrated by a case from the project. A group of users was characterized by their value
of having to control the world around them. According to the guide, this indicates that
the designer should strive to find solutions where the user is in control. However, within
this group a number of users believed that they should rinse their mouth thoroughly
with water after brushing their teeth, to improve the oral healthcare. This is a
misconception, as it actually is desirable to leave the remains of the toothpaste in the
mouth to gain maximum benefit from the fluoride. As the user therefore wants to do the
opposite of the desirable behaviour, the guide suggests design principles where the user
does not have much control. The two suggestions from the guide are in conflict as the
designer is recommended to make sure the user is in control, and take away the control
of the user.

To ensure that it is clear which part of the process of designing a behaviour change the
guidelines are meant to address, an overview over a design process with the relevant
areas highlighted could be accompanying the guidelines. To cope with the challenges
related to the understanding for the behavioural factors, it could be possible to maintain
the distinctions of the CADM, but only consider the factor categories instead of the
individual factors. There 1s however a potential challenge with reducing the number of
factors, as valuable nuances between the factors might be lost. The understanding can
also be improved by adjusting the names of the factors. This might be achieved by using
more everyday language and possibly substitute single words with short, descriptive
sentences. It is crucial that the designer feels comfortable with the terminology, all while
it is important to maintain the distinctions and the precision of the original terms.
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4.1.1.3. TOOL 1 - 3RP ITERATION — PRINCIPLES OF
BEHAVIOUR CHANGE

Chapter 4.1.1.3. is adapted from the original text in Daae and Boks, 2013; From teaching sustainable
product design to teaching sustainable behaviour design, presented at Cumulus 2013, Oslo, Norway.

Figure 4.6. The Principles of Behaviour Change Booklet.

The need for additional support, both in understanding when in the design process, how
the guidelines should be applied in a design project and better explanation of the guide
itself, and of simplified language, resulted in the development of a booklet; Principles of
Behaviour Change. In addition to simplify application of the guidelines in design
projects, the booklet was developed as teaching material for the eco-design course at
NTNU, the spring of 2012. The booklet 1s structured around a proposed design process
(see Figure 4.7), where each step of the process is described in a separate chapter.
Previous versions of the design processes had been developed earlier (Zachrisson & Boks,
2011b; Zachrisson, et al., 2011), and the version included in the booklet represented the
essence of these.

Task: (re)design a product.

Study and measure the base-line practice
Identify which behaviour to change
Identify what affects the behaviour

Select type of principles to use

Generate ideas

Evaluate and select ideas

Refinement and finalizing

Figure 4.7. The design process of Principles of Behaviour Change.
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Although the figure illustrates a linear process, the sequence, number of iterations, or
even in- or exclusion of steps may depend on the project and the preferences of the
designer. A summary of the steps proposed in the booklet are as follows:

Step 1: study and measure the base-line practice

This step explains how to choose the right methods to gather the most relevant
information for a specific project, and why that is an important decision. There are
numerous different methods and tools to gather information about the user and the
usage situation, and which tools are most suitable for a particular project depends on a
number of factors, such as the time and resources available, the competence available in
the team, the accessibility of the target group, the goal of the research, etc. Although
methods useful for a DFSB oriented project are similar to those commonly used in
‘regular’ user-centred design projects, the methods described in the booklet require
some specific information about what goes on in the mind of the user, what goes on
around the user and what the user actually does, which is described in more detail in
steps 2 and 3. There may also be things the user does or that affect behaviour, which the
user is unaware of. To investigate this it is necessary to combine methods or use
methods that investigate both aspects, such as applied ethnography or contextual
enquiry. This step also highlights the importance of researching previous, similar studies,
as user research can be expensive and time consuming.

Step 2: identify which behaviour is to be changed

Once the information about the user and the context has been gathered, one needs to
determine which behaviours to change or maintain. As the goal is to use design to
reduce avoidable environmental consequences related to behaviour, it is valuable to
identify those behaviours that both cause significant environmental impact and are
possible to affect through design. The larger the potential impact reduction and the
easier it is to affect it through design, the easier it will be to achieve environmental
benefit. A natural starting point can be to identify the behaviours that have the largest
total impact on the environment. Ideally this should be quantified, for instance through
multiplying the energy consumption caused by the behaviour with the duration of the
consumption. If quantification is problematic, it may be possible to consider the effects
relative to each other more qualitatively. The interesting element is to identify how
much energy could be saved with a different behaviour, while still achieving the goal. It
is important to consider the entire practice, as there might be low hanging fruit also
outside the core behaviour. If it has been possible to calculate the actual impact of the
behaviours, this information can be used after the project to estimate the achieved
improvements and thereby the successfulness of the behaviour changes.

Step 3: identify what affects the behaviour

When trying to change the behaviour of people and how they use products, it is
necessary to realise that behaviour can be affected by a number of different factors and
often a combination of several factors. The information gathered during the user studies
can be analysed to identify the most important factors for your target group, by
identifying the main reasons for why they behave the way they do. One way of
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understanding and structuring the factors is by dividing them into four different groups:

* What the user wants: What does the user intend to do? What does the user believe are
the consequences of the behaviour? What is the attitude of the user towards these
consequences? For instance the environmental impact, the effect is has on other people,
the cost, etc.

* The influence of the surroundings: Which constraints are caused by the context
around the use of the product? Do the surroundings make certain behaviours easier or
more difficult to do? Does the product itself direct the user towards certain behaviour?
Are there elements in the surroundings that affect the behaviour of the user and the
interaction with the product?

* The habits: Are there things the user does without necessarily being aware of it?> These
can either be simple, stand-alone actions or routines consisting of sequences of several
actions.

* What the user thinks is right or wrong: Which values does the user have, and which
ones are most important? What does the user think is morally right or wrong to do? Is
the user affected by any cultural or community values that may prescribe or forbid
certain behaviours? This structure will form the basis for the selection of design
principles in step 4.

The factors in these four groups may all affect the behaviour of the user in different
ways and may be of importance for how a product should be designed in order to realise
the affect that the designer is striving for. It is also possible that the users will have to be
divided into groups according to which factors are most important for them or
differences in the factors, such as different attitudes towards the consequences. The
booklet suggests that one way of doing this can be by making personas representing the
different user groups. Though there are other ways to do this, using personas is explicitly
suggested, as they are relatively common.

Step 4: select type of principles to use

In this fourth step it is explained how there are numerous design principles that are
directed towards behaviour change, but that some design principles likely will work
better for certain users and in certain situations, than for/in others. To identify which
principles may be more likely than others to be successful in a specific project, this
section of the booklet includes a guide intended to help identify the most promising
types of design principles according to the result of the analysis in step 3. For this it
makes use of a landscape that allows sorting design principles based on two parameters:
the degree of control that a product allows the user to have over his or her behaviour,
and degree of subtlety or obtrusiveness that is designed into the solution (Figure 4.8).
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User in control Productin control

Information Feedback Enabling Encouraging Guiding Seducing Steering Forcing Automatic
Informing Persuading Determining

Figure 4.8. The landscape of Obtrusiveness and Control

The guide continues with an elaborate discussion on which level of control and
obtrusiveness may be appropriate based on the results of the analysis in step 3. It uses
simple diagrams to illustrate how this choice can be made (Figure 4.9).
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Does the user have a habit that should be changed? ] N

Habits are routine that may be performed without the user actually being
aware of it. By making the user aware of the habit, it can be "broken” and
the behaviour changed to what the user actually wants to do.

Make the new user experience different from the old one or
change something in the context that triggers the routine

New user experience Familiar user experience

P Py
- v

Make the habitual behaviour difficult or impossible to perform

User in control Product in control
L *

Make a feature related to the behaviour obtrusive or remove the
positive outcome of the behaviour

_ Unobtrusive Obtrusive
Does the user want to behave the intended way? ] \

The less the user wish to perform the intended behaviour, the more control
should be given to the product. Pushing the user to do something he/ she
does not want to do, might result in the user stop using the product.

Only users who agree with the intended behaviour may be willing
to change their behaviour based on information or feedback

User in control \ Product in control
®

All users who do not disagree with the intended behaviour may
be willing to change their behaviour if that is the easiest

User in control Product in control
P 2
L 4 —%

If the intended behaviour is the only possible option, even users
who do not agree with it will have to behave that way

User in control Product in contral

P >
L <

The behaviour will be easier acceptable if it does not violate the
values of the user. If the user thinks it is important to be in
contral, make sure he/she does not feel forced or pushed

User in control Product in control
— . -

How much attention should be required from the user?] \

The more obtrusive the design principle is, the more attention will it require
from the user. In some situations it is crucial to gain the attention of the user,
in others it is crucial not to.

For higher importance or urgency make the design more
obtrusive

Unobtrusive Obtrusive

L4 *

The less obtrusive the design, the smaller is the chance the user
will find it annoying

Unobtrusive Obtrusive

Less control often results in cognitive workload. If it is important

to limit the workload of the user, leave more control to the

product  user in control Product in control
=

___ Y,

Figure 4.9. lllustration of the guidelines in Principles of Behaviour Change.

L ]
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Once the designer has decided which principles to use, the same control- obtrusiveness
landscape as depicted in Figure 4.8 can be used to summarise the results, in order to get
an overview, communicate them and include them in the design process. Figure 4.10
shows how, based on user research done in previous steps, it can be visualised what
solutions on a certain part of the landscape may be most appropriate for affecting the
behaviour of the identified personas.

Forceful/
Obtrusive
Demand
action

Interrupt

Potential principles for
persona B

Make aware

Potential principles for
persona A

Ignore

Unaware
Subtle/
Unobtrusive

User in control Product in control

Information Feedback Enabling Encouraging Guiding Seducing Steering Forcing Automatic
Informing Persuading Determining

Figure 4.10. Example of application of the guidelines on the 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.

Step 6: evaluate and select ideas

After ideas have been generated, it is often a challenge to evaluate the ideas in a
structured way and actually identify which ideas are most promising. In a regular design
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project, this is often solved by assessing how ideas will fulfil a list of requirements,
typically formulated as ‘musts, shoulds and coulds’. The same can be done regarding the
requirements derived from the desired behaviour change, but to ensure 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.

Evaluation

Similar to the first iteration, the 34 iteration of the tool was also applied in the teaching
of the sustainable design course at NTNU. However, instead of being a minor aspect
that should be considered in addition to all the more traditional sustainable design
aspects, as had been the case in 2011, DfSB became the core of the course and the
traditional sustainable design aspects received substantially less attention in 2012. The
structure of the lectures, assignments and interim reports was aligned with the structure
of the booklet, and ensured a correspondence between the information the students
were given, what they were doing and what they were delivering. This, not only made it
natural for the students to follow the suggested design process from the booklet, but also
enabled us to guide the different steps and ensure that the students maintained the
desired behavioural focus. The formal properties of the course were the same as they
had been in 2011. This time there were 35 students divided into the 8 groups, half from
product design and half exchange students or from industrial ecology. The topics the
student chose to work on this time were, dishwashing, laundry, disposal of special waste
in homes, food waste and energy consumption while sleeping.

From a teaching and result perspective, this approach to introducing DfSB was a success.
All the groups had a distinct behavioural focus, the user studies were both better
informed and conduced, all the groups clearly acquired a broader perspective, both in
terms of stakeholders to analyse, and in terms of solutions considered. The end results
the groups produced focused on behaviour change and almost all included discussion of
how and why the solution would lead to the desired behaviour change. Some of the
groups even built mock-ups and were able to test their solution and “measure” the
behaviour change. Never the less, the experience from the students also pointed out a
number of aspects of the tool that would benefit from further revision. First and
foremost, the booklet turned out to be too extensive and detailed for the students. It
contained too much text, appeared too strict and dictating and the students did not
experience it as sufficiently inspiring. A promising approach might be to include more
dimensions than obtrusiveness and control, which could provide additional insight from
more perspectives and allow the designers to chose the ones they feel are relevant for
each particular project.
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4.1.1.4. TOOL 1 - 4THITERATION - WORKSHOP AT
PERSUASIVE 2012

Shortly after the conclusion of the sustainable design course where the 3" iteration of
the tool had been applied, the opportunity arose to arrange a one and a half hour
workshop at the Persuasive Technology conference in Linkoping, Sweden. The
workshop was considered a promising opportunity to get feedback from designers and
researchers who had more experience with behaviour change through design, although
less product design focus, than the students at NTNU. 15 participants at the conference
joined the workshop and were divided into four groups. As the topic of the conference
focused on behaviour change on digital media, a brief presentation was given as an
introduction to the topic of DfSB and a number of examples of how to achieve
behaviour change through physical design. The last part of this presentation introduced
the challenge of how to design a wood stove, to make people burn firewood in the most
sustainable way and a summary of what a desired behaviour would include. A brief
presentation was also given of three different personas, which differed both in the way
they use their wood stove, their interest in burning firewood and their general
environmental focus. Each of the groups were then given a print-out of the description
of the personas, some paper and markers, and given the following challenge; “How
would you, based on your experience, describe the types of principles that could be
expected to affect these personas, and the types that cannot”.

After 15 minutes, the groups gave a brief summary of their conclusions to the rest of the
participants and there was a brief discussion about the challenge. A second presentation
was then given, explaining the landscape of obtrusiveness and control (Figure 4.8), a
revised version of the guidelines (Figure 4.11) and how these could be combined to
identify the most promising type of design principles for each persona, similar to the
description in the Principles of Behaviour Change booklet.
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they can be expected behave this way from any type of principles, as long
as nothing else interferes and it isn't too difficult

. If the users don't care about the result of the behaviour, they cannot be
Does the user‘WISh to !;Ehave the expected to make an effort to achieve it, but they can be expected to do it ]
desired way: if it is the easiest alternative
If the users don’t wish to achieve the result of the behaviour, or wishes to
- Negaﬁve | I achieve something opposing the result, the behaviour can only be
expected if the users are forced to do so. Users may dislike this.
Users must realize what they do before they can change their behaviour.
es | Create a new user experience, change something in the context, make the

behaviour difficult/ impossible or remove the positive experience of it.

M No No effect ]

. If the users wishes to achieve the same result as the desired behaviour,

Is the undesirable behaviour
habitual/ unconscious?

If the behaviour, or the outcome of it, is important to the user, the
|. willingness to accept both high obtrusiveness, high forcefulness and to
make the effort to notice low obtrusiveness is great.

|- If the behaviour is considered to be unimportant, the user will probably not
accept a very obtrusive principle, and will not search for information
f the users think the behaviour is the right thing to do, they may be
affected by any type of principles, as long at they don't violate anything
Is the behaviour in line with the else (such as the need to be in control)
norms and values of the user? If the principles violates the norms or values of the user, the user will not
N | do it voluntarily. Forcing the user may change the behaviour but will
_l probably not be accepted by the user if he is aware of it.

- If it is important to get the attention of the user, make the principles more
es obtrusive. This may however be annoying to some users.

Does the users consider the
behaviour to be important?

Should attention be demanded f the user accepts giving attention, and the situation allows it, but it is not
from the user? mportant do gain the attention, any type of principle may be used.
Principles that gives the user much control, tends to also demand more
N | - attention from the user. The more obtrusive a principle is, the more
attention it demands.

Figure 4.11. Guidelines for the landscape.

Each group was given a print out of the landscape, guidelines and some “empty”
landscapes, consisting only of the axis for obtrusiveness and control and without the
examples. The groups were then asked to use the guide to select the type of principles
they believe would make each of the personas behave the desired way. After another 15
minutes, there was a new round of presentation and discussion about the guide and the
experience of working with it.

The conclusion from the results and discussions was that the landscape provided a
valuable support in considering different types of principles. The guidelines were also
valuable, although some of the participants felt they were too rigid and preferred to read
through them and then work on the landscape, rather than combine the guide and the
landscape directly. It was also both reported and observed that in the second session,
where the participants had the guide, the discussions were much more focused on the
challenge than they had been in the first session. An important comment from one of
the groups, which found support among the rest of the participants, was that it might be
just as important to identify the areas that are unlikely to result in the desired behaviour
change as the ones that are likely to do so.
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4.1.1.5. TOOL 1 - 5TH ITERATION - WORKSHOP AT

STANFORD 2013

After the 34 and 4 iteration of the tool, the repeated usability issues made it apparent
that it would be beneficial to make more fundamental changes to the tool than what had
been done so far. It was thus decided to focus the efforts on creating a new tool based on
the experience from the first tool (Chapters 4.1.1.1 — 4.1.1.4), rather than to continue
the fine-tuning of the first tool. However, to enable comparison, a study was designed
including both tools (described in Chapter 4.1.2.3) and a “final” version of Principles of
Behaviour Change was needed. As preparation for this workshop the experience from
the 4 iteration was used to inform the development of a 5™ version, aiming at being self
explanatory and suitable for use in a workshop. To reach this aim, the examples

positioned in the landscape needed some explanatory text to ensure it was clear how the
examples represented their respective part of the landscape (Figure 4.1.2).
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Demand
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Interrupt

Make aware

Ignore
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Subtle/
Unobtrusive

A seat belt alarm forces
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you choose if you put it
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o q

Having to lower to
window to open the

train door makes it more
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become aware if the train
is moving

Akey card holder in a
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ish wash detergent
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chose to follow them or
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the power consumption
but may not be noticed
unless you look for it

User in control Product in control

Information Feedback Enabling Encouraging Guiding Seducing Steering Forcing Automatic
Informing Persuading Determining

Figure 4.12. The landscape of control and obtrusiveness, with examples and explanations.

Further, the guidelines for the landscape were updated with indications for the types of
principles that cannot be expected to be acceptable, in addition to the recommendations,
as was suggested in the evaluation of the 4 iteration (Chapter 4.1.1.4). The evaluation
of this tool is described in Chapter 4.1.2.3.
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. Suitable area: These type of principles might result in the desired behaviour change
. Unsuitable area: These type of principles are not likely to be accepted by the user
Neutral area: These principles are not likely to affect the user but may be accepted

If the users wish to achieve the same result as the desired behaviour,
! they can be expected to behave this way from any type of principle, as
long as nothing else interferes and it isn't too difficult
Do the user wish to behave the If the users don’t care about the r(lasult.of the behaviour, they cannot be )
desired way? vex.pﬂlec.ted to malke an effortlto achieve it, but they can be expected to do
it if it is the easiest alternative.

If the users don't wish to achieve the result of the behaviour, or wish to
M Negative ‘ achieve something opposing the result, the behaviour can only be

expected if the users are forced to do so. Users may dislike this.

Users must realize what they do before they can change their behaviour. )
Create a new user experience, change something in the context, make
the behaviour difficult/impossible or remove the positive experience of it

Is the undesirable behaviour
habitual/ unconscious?

No effect on the choice of design principles

If the behaviour, or the outcome of it, is important to the user, it is likely
that the user will accept both high obtrusiveness, high forcefulness and is

Do the users consider the willing to make an effort to notice low obtrusiveness.

behaviour to be important?

not accept a very obtrusive principle and will not search for information

If the users think the behaviour is the right thing to do, they may be
affected by any type of principle, as long as it doesn't violate anything
else (such as the need to be in control)

Is the behaviour in line with the
norms and values of the user?

If the principle violates the norms or values of the users, they will not do
it voluntarily. Forcing the users may change their behaviour but will
probably not be accepted by them if they are aware of it J

If it is important to get the attention of the user, make the principles
Is it crucial to demand the more obtrusive. This may, however, be annoying to some users.
attention of the user, or crucial

not to disturb the user?

N
! If the behaviour is considered to be unimportant, the user will probably

Do not

) obtrusive areas should be avoided, but also the principles that give the
disturb

user complete control as they also require attention from the user.

! If the situation demands that the user isn’t distracted, not only the

Figure 4.13. Updated guidelines.

And finally, as the previous iterations had showed that it could be useful with guidance
on how the landscape and guidelines could be used in a design process, but with as
limited text as possible; a guide was created (Figure 4.1.4) combining short instructions
and illustrations. This was based on a poster explaining the suggested design process
that had been presented at a conference a few months earlier (Part II, Poster 2).
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Figure 4.14. Guide to P

(As previously mentioned, the evaluation of this iteration is described in Chapter

1.2.3)
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4.1.2. TOOL 2 - DIMENSIONS OF BEHAVIOUR CHANGE (DBC)

Chapters 4.1.2 — 4.1.2.4. is adapted from the original text in Daae & Boks, Dimensions of behaviour
change, JDR, 2013.

The testing and evaluation of the Principles of Behaviour Change tool resulted in
evolvement and improvement of the tool, but also identified a number of more
fundamental alterations that could improve both the usability and support value of the
tool. The most important are the repeated dismay caused by the rigidity and lack of
inspiration from using the tool, and the potential value of considering more aspects of
how the behaviour of users is affected by the design or products. As a consequence, it
was determined to create a new tool, still building upon the content and insight from the
previous tool, but rethinking both the format and the approach of the tool. To structure
the development of the new tool, a formal list of requirements was created, based on a
literature review and experience from the previous tool (Chapter 2.1.3.1). To increase
the variation of perspectives for how design can affect the behaviour of the user, an
investigation was undertaken to identify relevant dimensions the design could be
adjusted along.

4.1.2.1. IDENTIFICATION OF DIMENSIONS - METHOD

In the literature, a number of dimensions, among them the distribution of control and
obtrusiveness that formed the basis for the previous tool, were identified (Chapter 2.1.1).
However, according to the information provided in the literature, the proposed
dimensions are motivated by the understanding and intuition of the researchers. To
inform a more elaborate discussion on the identification and relevance of dimensions
and how to utilise them, we chose to gather empirical data through a hybrid of creative
workshops and expert interviews. Expert interviews are frequently applied in empirical
research and can contribute to theoretical reflection and practical aid (Bogner, et al.,
2009). The purpose of combining this with the setting of a creative workshop was to let
the participants think more freely and creatively around the topic. This was believed to
be relevant as it was assumed that the participants might not have thought explicitly
about topic before, even if they were assumed to have substantial understanding of it. As
experts, we chose design practitioners, professionally employed at different design
agencies and companies located in Oslo and Trondheim. Our empirical data was
collected during a pilot test and four workshops that lasted for about two hours and had
between 2 and 6 participants (see Table 4.2). All participants held a master’s degree in
industrial design and work with product and interface design on a daily basis.
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Table 4.2. Companies included in “the Dimension Workshops”.

No. of

participants Type of company Company size
Workshop 1 6 3 different companies All of them are large
Communication technology
Workshop 2 3 manufacturer Large
Workshop 3 4 Design agency Small
Workshop 4 2 Design agency Small
Workshop 5 5 Design agency Medium

This method allowed us to investigate which dimensions design practitioners
themselves consider relevant. Although most designers may not explicitly have
considered the question before in the context of designing for sustainable behaviour,
experienced designers can be expected to have an extensive, implicit understanding of
how to affect user behaviour as they design user interfaces. By comparing the
dimensions identified through this approach with the ones found in literature, a broader
understanding of the problem can be achieved. Similarities between the two sets may be
understood as a support for the validity of the sets, whereas differences may raise
questions about the validity and the reasons for the differences, but can also indicate
novel contributions.

The primary purpose of the workshops was to investigate which dimensions the
design practitioners considered relevant to understand how a design affects the
behaviour of its users. In other words, it was our aim to uncover as many dimensions as
possible along which a designer can manoeuvre when designing a product aimed at
changing behaviour. It was not our intention to research which dimensions would be
useful more often than others, as that is considered to be depending on the context of
the design problem. It was assumed that designers often implicitly or explicitly use
product semantics or inscribe scripts in their designs, to make people use them in a
particular way; however, designers might not include this explicitly in their design
processes. The challenge would therefore be to make the designers reflect upon their
understanding from a common starting point without providing too much information
that might bias the results. At the same time, the pilot test (workshop 1) made clear that
it was necessary to provide the designers with considerable guidance to understand the
challenge, get them started and generate meaningful reflections.

To give the participants an introduction into the topic and a common starting
point, each workshop started off with a presentation, consisting of the following steps:

1. Introduction of the potential for environmental benefit from alteration of how
people interact with products.

2. Presentation of a large number of pictures of products that can affect the
behaviour of users, with an explanation of how these could represent different principles
for affecting behaviour.
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3. An explanation of the need to distinguish between principles, and to facilitate the
process of matching the choice of principles with the intended behaviour change.

4. A suggestion that one way of distinguishing between different principles is to
consider how they affect the user, for example according to how much they allow the
user to determine their behaviour themselves. We used a large number of illustrations to
clarify this to the workshop participants.

5. The designers were challenged to suggest which other dimensions, according to
their own experience, could be identified to distinguish (i.e. understand the difference)
between principles that can be expected to lead to behaviour change. They were asked
to individually write the suggestions on post-its and try to formulate them as word-pairs
on opposite sides of a scale. We chose to let the participants consider the principles in
terms of dimensions with opposite extremes, to keep the results in a similar structure
compared to the previous proposals in the literature. To support the process, a number
of picture pairs were shown and it was suggested that they could compare them, as
exemplified before, to get started. When the initial rate of writing on the post-its
declined, the picture pairs were replaced by a collection of 63 different pictures of
products that might affect the behaviour of the users in order to provide additional
examples and provide new inspiration.

6. When the designers felt that they had exhausted the most obvious dimensions,
after 15-30 minutes, the post-it writing process was stopped. The designers were then
asked to explain their suggested dimensions to the rest of the group and the facilitator
posted the post-its on a wall. During this process, the overlapping dimensions were
clustered and the overall variation of dimensions was discussed. Each designer was then
given five stickers, and was asked to attach them to the dimensions they thought were
the most intuitive and important to determine when different principles could be
expected to change behaviour or be accepted.

7. The last part of the workshop consisted of a discussion about how the
understanding of behaviour change through design, how the dimensions should be
presented to support designers in their work and how much guidance they should be
given to understand the implications of different principles. One central topic in this
discussion was the number of dimensions to include. More dimensions could potentially
improve the understanding of when different principles should be used but will also
require more effort. To help the designers consider alternative ways in which the
information could be presented, they were shown five alternative ways of guiding the
selection of principles according to the distribution of control, and the obtrusiveness of
the principles.

One alternative consists of simple statements and indication of the recommended area
of the dimensions, one presented information about expected consequences of principles
from different parts of the landscape in the corresponding areas, one presented a flow
diagram, where the reader is guided to recommendations by answering questions about
the user and the context, one asked simple questions about the user and the situation,
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and provides recommendations directly according to the answers and one presented
bullet-points of the expected consequences of principles along the two dimensions.

4.1.2.2. IDENTIFICATION OF DIMENSIONS - RESULTS

The pilot showed that the designers needed some guidance to really understand the task
at hand and start generating ideas. This might be due to the theoretical nature of the
task, something which most of the participants, according to themselves, rarely were
confronted with, but also the novel way of thinking. The latter is apparent from the
feedback received from the participants after the workshop, where all groups claimed to
have enjoyed the different perspectives the topic provided on how users are affected by
product design. However, once the participants understood the way of thinking, all the
groups generated multiple suggestions to relevant dimensions.

There seems to be a relation between the number of participants in the
workshops and the number of dimensions they proposed, as the two workshops with the
most participants proposed about twice as many dimensions as the three smaller groups.
However, this difference may also be explained by factors such as group dynamics,
individual qualities, differences in how they normally work, etc. In all the workshops
several dimensions were suggested multiple times by different participants, and was
therefore reduced to a single dimension that did not overlap any other dimensions.
Table 4.3 shows the number of participants in each workshop and the number of
independent dimensions suggested in each workshop.

Table 4.3. Number of participants and dimensions generated.

Workshop 1 Workshop 2 Workshop 3 Workshop 4 Workshop 5

Number of participants 6 3 4 2 5
Number of dimensions 41 20 19 19 37

Between the different workshops several dimensions were overlapping. After removing
the identical ones, the combined outcome of all the workshops was a list of 55
independent dimensions, which may be seen in Table 4.4.
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Table 4.4. All dimensions generated during the workshops.

No. Dimension No. Dimension

1 User in control vs product in control 29 Trendy vs not trendy

2 Encourage vs impose 30 | know | do something vs the worlds knows it
3 Passive user vs active user 31 ngggpr:ggntally concerned vs not environmentally
4 %Z%rgnSiéﬁﬁgonsibility vs  others 32 Competition vs no competition

5 Helpful vs annoying 33 Fulfiiment of dreams vs survival

6 Obvious vs hidden 34 Much info/output vs little info/output

7 Information vs simplify 35 Opposing information

8 Consequences for me vs for others 36 Meaningless vs meaningful

9 Simple vs complicated 37 Polite vs impolite

10 Emotional vs rational 38 Neutral sender vs non-neutral sender

1 Instructions vs feedback 39 Aesthetics vs usability

12 Fun vs meaningful 40 On my way vs far away

13 Force vs guide 41 Opt in vs opt out

14 Wish vs should 42 Correct vs incorrect mental model

15 Invite vs deter 43 Force controlled usage vs punishment

16 Iégagsiqug:cnesequence vs  small 44 Open and inviting vs secretive and mysterious
17 Primary function vs disconnected 45 Preventing vs reducing consequences

18 Rarely vs frequent usage 46 Stigmatizing vs elevating

19 Always vs particular situations 47 Reduce usage vs increase usage

20 Information vs overruling 48 Perfect vs improved

21 Choice vs no choice 49 One culture vs another

22 tgzgequéircrgs WS eer e 50 Social norms vs individual norms

23 Convince vs demand 51 Individual freedom vs greater good

24 Good vs bad conscience 52 Engineering spec. vs usability spec.

25 Physical vs intellectual consequence 53 Dosage vs continuous

26 User agree vs don't agree 54 Central function vs additional function

27 Reward vs don't reward 55 New product vs adjust old product

28 Easy vs overkill

As is apparent from the number of dimensions identified, the participants were able to
consider numerous perspectives on how behaviour may be affected by design. However,
identifying the most important ones turned out to be more challenging for the workshop
participants. The general response was that they felt the importance of the dimensions
depended too much on the designers preferences and the type of product that should be
designed, and that it thus was almost impossible to prioritise them from a general
perspective. The general response was that it would be good to have a rather wide
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selection of dimensions and let the designers choose the once they felt were most suitable
for their project.

The results of the question regarding how the dimensions should be presented,
confirmed the results of the literature review and experiences from the earlier tool. The
tool should be easy and quick to understand and implement, support collaboration, be
experienced as inspiring, and be flexible and allow the designers to feel that they are in
control and apply parts of the tool without having to apply the rest. Several of the
designers also mentioned that it would be very valuable if the tool could support the
designers not only to design products that are likely to lead to the desired behaviour
change, but also support the designers in convincing their clients to accept the proposed
design solutions.

After conducting the workshops, it was obvious that the dimensions suggested during
the workshops were on several different levels and partly overlapping. Keeping in mind
the goal of developing support for aiding designers’ understanding of DfSB and how this
may aid the selection of suitable design principles, it was necessary to structure the
dimensions in a clear and logic way. This was done by the authors in several iterations,
striving to achieve as meaningful categorization as possible. A number of challenges
were encountered. First of all, no obvious theoretical framework to guide the structuring
process was available, leaving room for several approaches, depending on which logic is
used to interpret and distinguish between the proposed dimensions. Secondly, one will
always run the risk of losing information or nuances in the process of categorizing or
structuring. The larger the categories, the more likely it 1s that important nuances are
lost as common elements of multiple dimensions are combined. Finally, proposing the
concept of dimensions as a suitable way to present the different ways a product might
affect the behaviour of the user posed some challenges in itself. Some of the dimensions
suggested a continuous description along a scale, whereas others may be more suitable
for a more discrete description, or even represent different logical concepts that are not
necessarily opposing. However, the concept of dimensions along a scale between
opposing mechanisms was maintained to explore its potential, partly in search of
uniformity with dimensions that have become more or less established already (control
and obtrusiveness). Efforts were made to maintain the essence of all the dimensions and
reduce loss of information as far as possible.

Table 4.5 presents a proposal for how the results of the workshops may be tabulated and
structured. In this proposal, the dimensions from the workshops are categorised
according to their topic. By considering the effect these different categories may have on
the user, all the categories are translated to a comparable format and a set of nine
distinguishable dimensions are proposed.

In this process, seven of the 55 originally proposed dimensions were not included in the
structuring. These dimensions were excluded because it is unclear how they were meant
to affect the behaviour of the user. Four of the dimension categories are to some extent
known from existing literature.
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Table 4.5. Categorization of the dimensions.

Dimensions from the workshops Description of the dimensions Zf,%%%‘gs‘?g] &
Choice vs no choice
User in control vs product in control
Convince vs demand
Encourage vs impose
Shall the user or the product determine Control

Information vs overruling

Force vs guide

Individual freedom vs greater good
Opt in vs opt out

On my way vs far away

Simple vs complicated

Information vs simplify

Forced usage vs punishment

the behaviour?

Allow the user freedom of choice of action
VS,
Forcing the user by giving product control

(known from
literature; e.g.
Jelsma, 1997,

Lilley et al. 2005,
Elias et al. 2007

Passive user vs active user

How much attention shall the design

Obtrusiveness

demand? (known from
literature;
Obvious vs hidden Demand attention or action from the user Zachrisson and
VS, Boks, 2011,
Open and inviting vs secretive and mysterious Use a subtle or obvious approach to Tromp et al.,
reach a goal 2011)
Helpful vs annoying
: Should the desired behaviour be
InV|.te ve f’eter, promoted or the undesired discouraged?
Polite vs impolite
Stigmatising vs elevatin The design leads the user towards the
¢ o . N desired behaviour Encourag«lement
Reduce usage vs increase usage Vs, (novel)
Reward vs don’t reward The design leads the user away from the
Good vs bad conscience un(d[izgtreg:zggl\g?ur
Much info/output vs little info/output
Fun vs meaningful Does the design focus on rational or
emotional purpose?
Emotional vs rational ;
" " Motivate the user through fun (hedonic) l\/(leanlrlw)g
Competition vs no competition Vs. nove
) Motivate the user through meaning
Wish vs should (rational)
User ggree vs don't aQ’ee Is the desired behaviour in line or
Meaningless vs meaningful opposing the wishes of the user?
Direction

Primary function vs disconnected
Central function vs additional function
Trendy vs not trendy

The user is motivated to perform the
behaviour

VS.
The user is not motivated to perform the

(known from
literature; Jelsma,
1997)

Environmentally concerned vs not concerned behaviour
| know | do something vs the worlds knows it Is the user focusing on themselves or Empathy
. L others and what others think? (known from
Social norms vs individual norms literature:
Consequences for me vs for others Play on the user’s concerns about himself mentioned by
- - Vs. Tromp et al.,
Users responsibility vs others responsibility the user's concerns about others 2011)
Physical vs intellectual consequence How mportagt SOB.S “’W? uge[}conmder the
) ) ehaviour to be?
Fulfilment of dreams vs survival Importance
Large consequence vs small consequence Make the user feels strong pressure (novel)
Vs
Neutral sender vs non-neutral sender Use weak pressure
Instructions vs feedback Should the design target the user before,
during or after the interaction?
Timing
Long term vs short term consequences The user experiences it now (novel)
VS.
Preventing vs reducing consequences The user experiences it later
: [ How often will the user encounter the
Always vs particular situations design?
Exposure
Rarely vs frequent usage The user is always affected (novel)

Dosage vs continuous

vS.
The user is sometimes affected
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Easy vs overkill

Perfect vs improved

One culture vs another

Opposing information Not usable?
Engineering spec. vs usability spec.

New product vs adjust old product

Aesthetics vs usability

The dimension category Control (corresponds 