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Abstract
This thesis presents a collection of experimental designs that approach the
problem of growing electricity consumption in homes. From the perspective of design, the intention has been to critically explore the design space of
energy awareness artefacts to reinstate awareness of energy use in everyday
practice. The design experiments were used as vehicles for thinking about
the relationship between physical form, interaction, and social practice. The
rationale behind the concepts was based on a small-scale ethnography, situated interviews, and design experience. Moreover, the thesis compares designer intention and actual user experiences of a prototype that was installed
in nine homes in a residential area in Stockholm for three months. This was
done in order to elicit tacit knowledge about how the concept was used in
real-world domestic settings, to challenge everyday routines, and to enable
both users and designers to critically reflect on artefacts and practices.
From a design perspective, contributions include design approaches to communicating energy use: visualizations for showing relationships between
behaviour and electricity consumption, shapes and forms to direct action,
means for turning restrictions caused by energy conservation into central
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parts of the product experience, and ways to promote sustainable behaviour
with positive driving forces based on user lifestyles.
The general results indicate that inclusion is of great importance when designing energy awareness artefacts; all members of the household should
be able to access, interact with, and reflect on their energy use. Therefore,
design-related aspects such as placement and visibility, as well as how the
artefact might affect the social interactions in the home, become central. Additionally, the thesis argues that these types of artefacts can potentially create
awareness accompanied by negative results such as stress. A challenge for
the designer is to create artefacts that communicate and direct energy use in
ways that are attractive and can be accepted by all household members as a
possible way of life.
Sponsor Acknowledgement: I am grateful for financial support from Energimyndigheten, The Swedish Energy Agency.
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Interaction design, energy awareness, sustainability, domestication.
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In any discussion of sustainable design, we have to acknowledge the damaging
consequences of our current activities, but the designer must go beyond this,
not simply designing environmentally friendly products, but by challenging our
understanding of ‘functional objects’, by reframing our conceptions of products,
and by reassessing our notions of products aesthetics.
(ref. Stuart Walker, Sustainable by Design).
The designer, instead of simply making an object or thing, is actually creating
a persuasive argument that comes to life whenever a user considers or uses a
product as a means to some end.
(ref. Buchanan 1989)

Figure i, ii, iii, and iv: Pictures taken when visiting the house holders in the AWARE project (section 3.4.1). Observing how alectrical artefacts where
realted to in the ecology of house hold goods provided valuable input for the designprocess. Figure v: The last image is a close-up of an electricty meter
where one can keep track of the electricity use.
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Figure vi: The 50 most frequent words used in
this thesis. Words used more often are represented proportionally larger.
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1 Introduction
In the ongoing debate on the global climate, energy conservation has been
singled out as a central component in achieving a sustainable society. However, it is clear that existing policies on increased energy efficiency, fuel
switching, and renewable energy will not suffice to achieve the reduction
in carbon emissions needed to bring climate change under control in the
necessary timeframe – behavioural change is also needed to curb our excessive use of energy (Darby 2000). Studies have shown that the daily energy
consumption in our households can be lowered by as much as 20–30% just
by changing consumption behaviours related to lighting, heat, and water
(Carlsson-Kanyama and Lindén 2002). One consequence of research findings such as these is a renewed interest in finding new ways to inform people
about their daily energy consumption as a means to promote better energy
consumption patterns in the home. The monthly electricity bill often does
not provide consumers with sufficient feedback and an adequate picture of
their energy consumption behaviours. A key problem is that electricity is
something we think little about in our everyday lives. Despite its importance,
it is not directly visible to the human eye and, as an invisible medium, it is
taken for granted and does not come to mind until it ceases to function. We
rarely reflect on the fact that electricity is being consumed when we use a
home appliance or when we heat our house. It is clear that this knowledge
gap and lack of awareness in everyday life, in conjunction with individualistic western lifestyles, increases our demand for electricity.
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Recently, there has been increased interest in developing different solutions
for providing customers with more detailed information about their energy
consumption. For example, the Scandinavian energy companies currently
have programs underway to install automatic meter reading (AMR) equipment in people’s homes. These devices send consumption data to the energy company and the feedback is also intended to reach the end-customer.
The underlying assumption is that when the end-users get feedback on their
energy consumption they will be able to change behaviours and cut down
on energy usage. However, there is still little knowledge and understanding
about how best to design technical and informational feedback systems to
support such everyday awareness, and this problem has resulted in many
technical solutions being rejected by the end-users (e.g. Katzeff, et al. 2011).
Artefacts play important roles in our lives and our homes are filled with
man-made objects that are used for different domestic purposes. This thesis argues that to be able to affect electricity consumption behaviours it is
important to understand how people relate to objects, how they use them
in the home environment, and how the design of artefacts affects the social
interplay in the household. All objects – whether designed to do so or not –
act as “knots of socially sanctioned knowledge” that define a social order and
direct how activities are carried out (Preda 1999). Hence, designers have the
potential to influence and change activity patterns and behaviours by shaping objects, services, and human interactions in the home. Moreover, appropriately designed artefacts have the possibility to engage users in different
activities and direct their attention to circumstances in the environment that
otherwise would have passed unnoticed.
This thesis explores the design space of energy awareness artefacts – a new
class of domestic design objects that inform people about their energy consumption behaviours. The thesis reports on their design and on studies of
how such artefacts affect the social interactions in the home. In total, the
thesis presents six experimental prototypes and concepts that were designed
with the intention of exploring, suggesting, and problematizing how we
might interact with and understand the use of electricity in the future.
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1.1 Research problem and motivation
The current interest in developing approaches and solutions to give electricity customers more accurate feedback about their consumption has resulted
in an abundance of different kinds of devices. Energy companies provide
smart meters (Berg Insight 2010) to households and make personalized electricity use data available to customers on their websites. Moreover, different
kinds of energy displays and meters have emerged on the market that allow
people to measure the electricity consumption of home appliances and devices (Fehrenbacher 2009). Even traditional IT companies such as Microsoft,
Intel, Apple, and Google have entered the energy business and presented
prototypes and concepts of home energy management systems (Kopytoff &
Kim 2009, Korosec 2009). As mentioned above, the underlying assumption
is that when the end-users have better knowledge about their energy use
they are able to change their behaviour and cut down on their consumption.
Even though some research has been conducted in this area, there is no consensus of understanding about how the technical and informational systems
should be designed to support everyday energy awareness (c.f. Abrahamse,
et al. 2009). Prominent research questions are how to design the systems so
people adopt them, and how to provide comprehensible energy feedback
non-obtrusively in everyday life.
General aim
The overall aim of this thesis is to explore the design space of energy awareness artefacts and their behavioural and social implications for the household.
Objectives
The focus is on designing and evaluating a range of experimental artefacts in order to investigate the concept of energy awareness from a design
research perspective. The design of the objects and the corresponding intervention studies have had the goal of shedding light on social mechanisms
related to the design and use of these objects in the home.
Contributions
Generally, the thesis contributes to the present research discussion on sus-
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tainable design. Moreover, the aim has been to increase our understanding
of how design can affect energy awareness and in what ways it can contribute
to energy conservation. Specific contributions are as follows:
•

A design prototype that explores a way to promote and sustain awareness of electricity usage in the household by using a clock metaphor (Energy AWARE Clock, Section 4.1, Paper 2 and 3).

•

A design prototype exemplifying a way to make electricity-conserving
actions more attractive by means of home lifestyle trends (AWARE
Laundry Lamp, Section 4.4, Paper 1)

•

A design concept suggesting how to create engagement and electricity
awareness in the home with playful activity and a plant (living organism)
metaphor (Energy Plant, Section 4.5, Paper 1).

•

A description of a design process based on the theory of domestication
to encourage and sustain interest in the home’s energy usage over time
(Energy AWARE Clock, Section 4,1, Paper 2).

•

An empirical investigation and intervention with an energy awareness
artefact in nine homes for three months (Energy AWARE Clock, Section
4.1, Paper 3).

•

A comparison of designer intention and actual use of an energy awareness artefact (Energy AWARE Clock, Section 4.1, Paper 3).

•

An overview of six alternative design examples examining energy awareness in relation to engagement, visual and tactile persuasion, social
scripts, and domestication (Chapter 4).

Delimitation
This work was exploratory with the goal to understand how energy awareness artefacts could look and behave as well as to gain knowledge about what
social roles they might play in a desirable future scenario of sustainable living. Therefore, the prototypes and designs presented have not been evaluated
in terms of their potential to reduce electricity consumption; instead, they
serve as reflective tools to help the design researcher understand the design
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space and uncover problems and opportunities. Our overall design approach
has been to treat artefacts as mediators or agents of key ideas explored, rather than as mere instruments of utility. Moreover, the artefacts produced in
this type of research are communicative design examples functioning as an
arena for transferring ideas to the related research and practice communities
(Zimmerman, Forlizzi and Evenson 2007). By first developing a deeper understanding of where and why new and alternative objects are needed, and of
the implications for their design, we can help make subsequent behavioural
studies of the actual “performance” of specific prototypes more relevant and
viable.

1.2 Research context
The research presented in this thesis was conducted as part of two larger
research projects – AWARE and DESME – within the field of energy and
design. Additionally, partial results from a third project – Clockwise – were
also utilized. All three projects, although somewhat different in scope and
direction, were design-oriented research projects that aimed to invent objects to increase people’s awareness of how energy is used in everyday life,
especially in our home environment.
The goal of AWARE was to explore the use of interaction design as a tool for
increasing awareness of energy usage with the purpose to influence our energy habits. The most important results from this project were a set of design
examples that approached the problem in the form of prototypes, conceptual
design proposals, and user scenarios. The aim was to develop energy as a design factor – communicated, not hidden – to influence and raise awareness
of consumption to stimulate behavioural changes that could save money and
energy, and benefit individuals, the environment, and society. AWARE was
carried out at the Interactive Institute in cooperation with the Swedish Industrial Design Foundation (SVID). The project was funded by the Swedish
Energy Agency. The project ran between April 2006 and December 2008.
AWARE was an interdisciplinary research and design project with participants coming from different backgrounds such as industrial, textile, and interaction design, ethnography, and engineering.
In the Designing Smart Energy project (DESME) the aim was to analyse the
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possibilities to change consumer behaviour in terms of energy efficiency by
using an industrial design perspective. Developed concepts and interaction
designs within the project were employed to study how consumers react to
the concepts of energy feedback devices. DESME was initiated by Western
Finland Design Centre Muova – a research and development organization
that is part of the University of Art and Design in Helsinki and the University
of Vaasa, Finland. The project was also carried out in cooperation with Vaasa
EMG, Finland. The Finnish Funding Agency for Technology and Innovation
(TEKES) in cooperation with several industry partners financed the project
(Bord Gáis, CapGemini, Helsingin Energia, Semio, Tampereen Sähkölaitos,
TeliaSonera, and Vaasan Sähkö). The Interactive Institute was invited to join
these projects as experts in the energy design field and we played an extensive role in the design phase. The project also included a larger quantitative
study carried out by Vaasa EMG and a qualitative prototype evaluation conducted by Muova. The project ran between 2007 and 2008.
The third project – Clockwise – focused on the Energy AWARE Clock, one
of our designs from the AWARE project. The Energy AWARE Clock is an
electricity meter and a system that provides real-time electricity consumption feedback. The aim of this design was to explore how one can bring about
engagement about electricity use in the household. Ten fully functioning
Energy AWARE Clocks were developed and installed at nine homes (one
dropped out due to technical difficulties on site) in a newly built residential
area just north of Stockholm, Sweden. The intention was to study how the
Energy AWARE Clock affected the awareness of electricity use in the household, how energy related behaviour was affected, and how users interacted
with the display over time. The project was financed by Swedish Energy
Agency and ran between August 2008 and June 2009.

6

2 Background
In this chapter, we go more deeply into the problem of excessive energy consumption and behavioural change. Specifically, the core theories of awareness, affordances, and domestication are further discussed – theories of central relevance in the present design research. In the reminder of the chapter,
a set of awareness artefacts is examined to illustrate different approaches of
particular interest.

2.1 Electricity use: Past and Present
Electricity is a transferable form of energy that in many ways has become the
fuel that allows us to circumvent mundane and strenuous types of labour;
it simplifies everyday tasks and improves quality of life. It has enabled us
to more easily focus on things not directly related to survival. It is completely
integrated into the material and cultural structure of our society allowing
for new types of lifestyles and identities. Electricity has both emancipated us and distanced us from nature, and has become a necessity of modern
life. We take electricity so much for granted that we do not reflect on its existence and necessity. Not until the electricity disappears – like during a power
outage – does it enter our minds, ironically becoming present when it is not
present. Being hidden and integral to our culture, electricity has become an
elusive commodity that is difficult to comprehend. For example, terms like
kilowatts and kilowatt-hours are not clearly understood by most of us. A fur-
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ther problem is that since power production sites are often situated far from
the actual consumption points, we do not see that electricity production has
negative environmental impacts (Bladh 2007).
The above situation has not always been the case; before electricity became
an everyday commodity people had a much more direct experience of energy production and its use. For example, by using wood for making fire, the
process of cutting down trees, chopping the wood into pieces, and carrying
it into the house for cooking and heating gave a much more direct relationship with what energy is than we have today (Borgmann 1987). Hence, labour and activity were required to “create” energy. At the beginning of the
20th century, the idea of having “electrons” and “volts” coursing through the
walls seemed frightening to many. Additionally, although it was becoming
increasingly popular, electricity was mainly used for lighting and this led to
very uneven power consumption with peaks in the mornings and evenings
and almost zero consumption during the daytime. In order to meet the demand, the electricity companies had to sustain the same high capacity at all
hours which was not very cost effective. A lot of effort went into looking for
ways to increase consumption during the daytime, and one successful effort
to achieve this was the introduction of electrical appliances. Peter Behrens,
a German artist and architect, and by many considered to be the first industrial designer ever, has been credited as the initiator of this development
(Raizman and Pu King 2003). In 1907 Behrens was hired by AEG to develop
electrical appliances, which turned out to very successful. By combining
branding and design, he managed to boost the demand for electric kitchen appliances tremendously. Common household objects like dishwashers,
electric stoves, toasters, kettles, irons were developed in a short time span.
One hundred years later our homes are now full of electrical appliances. One
could say that the invention of new electrical products – and by extension
new cultures and social patterns – has resulted in the steady increase of electricity consumption that we still see today. For example, during the last 30
years, Swedish households have doubled their energy usage, and the same
holds true for most western countries (Energimyndigheten 2006). Just as Peter Behrens and others like him successfully increased electricity consumption by inventing household products, it may also be possible to reverse this
process by changing people’s behaviour and ecologies of consumer products
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through design. Understanding how to design new types of objects to direct
use and behaviour in the direction of conservation could be one way forward.
Studies have shown that people are not inclined to compromise on their
quality of life, andeconomic incentives can often override environmental
ones since people are often prepared to take higher environmental risks if
it fulfils important needs and values (Steg 2003). Moreover, environmental
problems are perceived as intangible and very vaguely related to our everyday actions. Climate concerns give people a sense of guilt and negative stress
when put in opposition to things like everyday convenience and enjoyment
(Broms, et al. 2010). Bringing the notion of electricity production and use
back to the surface, and encouraging more energy conserving actions in an
engaging and attractive way, are two important tasks for designers who, in
the long-term, wish to change structures in society related to the use of electricity. This thesis takes on the design problem of uncovering the hidden in
an effort to bring energy consumption back to everyday life. A salient goal is
that in the future we all should have an everyday awareness and understanding of how much energy is consumed and by what. First then will it really
be possible to make more informed decisions based on bits of information
provided seamlessly in everyday life. One could call it the democratization
of electricity. In the following sections, we shall discuss how researchers in
different fields view awareness and related concepts of importance in light of
the above discussed design problem.

2.2 Design and Behaviour
It is commonly believed that increased awareness of larger societal problems,
like the overconsumption of our natural resources, leads to more sustainable behaviour among large groups of people. The mass media have certainly
helped spread information regarding these matters. Information campaigns
may indeed lead to partial changes of attitudes and behaviours, however,
on the whole, such measures seem to be just part of the story. Other factors
such as convenience, peer pressure, identity, habits, lifestyles, etc. seems to
play an important part in changing people’s behaviours. For example, studies have shown that information campaigns to save electricity tend to result
in greater knowledge levels but seldom result in actual behavioural changes
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(Abrahamse, et al. 2009).
Researchers in the area of energy conservation frequently use the terms
“awareness” and “energy awareness”. But what do they mean? Awareness is
commonly used in everyday language but its exact meaning is often vague
and underspecified. Let us clarify how the term is used in this domain. It
seems that researchers are talking about two different things. The first is that
people can have an underlying awareness about an issue such as, for example, common societal problems (deforestation, greenhouse emissions, etc.).
This is the definition of awareness just touched upon. But there is a second
connotation – the one mainly focused on in this thesis – that refers to human
perception, attention, and a situated “here-and-now” experience of a process
or event.
These kinds of interactions in the everyday, the here-and-now, constitute bits
and pieces of awareness that help us learn about and navigate through the
world. This awareness directs our attention and informs us about the states
of things. The brain works tirelessly, through our senses, trying to make
meaning based on previous experiences and social conventions. Our artificial world constitutes the material basis of what is perceived to be normal
– what is exposed and what is hidden.
With the latter perspective on awareness in mind, one can include products,
environments, and services in the equation. In principle, everything we interact with on a daily basis might act as a means for increasing our energy
awareness. Artefacts have the ability to influence our behaviour through
their form and gestalt. Hence, intentionally designed objects have the potential to direct our actions towards a more sustainable lifestyle (c.f. Norman,
The Design of Everyday Things 1990). This is something that seems as complex as it is powerful. And if it is agreed that the design of artefacts has the
possibility to affect behaviour, the next question of course is how these two
are interconnected. If we want to change behaviour through the design of
things, what factors should one take into account and what tools and methods should be used? In the following sections, the concept of awareness is
discussed from an interaction design perspective, both in its own right, and
also in relation to other concepts employed throughout the design process. If
we want to communicate through artefacts we design to increase awareness,
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we must turn our attention to what comes before: the process of designing.
Related terms like scripts, social conventions, affordance, feedback, and the
domestication process will thus be elaborated on – all with the intent to enrich our understanding of the relations between design, awareness, and behaviour. What are the possibilities and what are the implications that might
arise? Here, one can envision the concept of design and awareness as a sort
of prism that can be observed from many different angles (Edeholt 2004, c.f.
Von Busch 2008). Each new approach, such as for example the concept of
affordance or domestication, constitutes possible angles towards the prism,
and as one looks through it, each new approach refracts out as a spectrum of
new practical possibilities, adding depth and understanding to how design
can relate to awareness.
Next, we will attempt to elucidate these concepts by discussing them in relation to established research and compare these concepts with the definitions
stipulated within this thesis.
2.2.1 Awareness, Cognition, and Context
Cognitive science has traditionally focused predominately on the individual’s experience. The model of perception and action proposed by Neisser is related to awareness (Neisser 1976). According to Neisser, awareness
can be seen as an aspect of a perennial perception-action loop and is stored
in short-term memory. He also talks about schemas – mental models of
the world around us – that guide exploration of our external environment.
These schemas direct attention to important things in the perceptual field
and, thus, objects and events that do not activate a schema in the on-going
perceptual-cognitive cycle are discarded. Anticipatory schemas direct perception and states of awareness to what we can expect and, hence, steer further exploration of the environment. A consequence of this theory is that
the user of a tool or a design object must have an internal model of it or
similar objects to be able to distinguish between important and unimportant
cues and information. The internal models, schemas, and images we use to
interpret situations and understand objects are built on the experiences the
individual gains throughout life.
Related to the above individualistic perspective in cognitive science is situ-

11

one
Sustainable
Interactions
of
ma
ny
ang
les

a spectru

m of po
ssibilite

s

Figure 1: The Prism-model of design. One angle symbolizes one of many possible approaches with a spectrum
of possibilites.

ation awareness – a term used in human factors research in the 1980 to denote the processes of attention, perception, and decision-making of an operator (Endsley, Toward a Theory of Situation Awareness in Dynamic Systems
1995; Adams, Tenney and Pew 1995; Flach, Mulder and van Paassen 2004).
According to Endsley, situated awareness is an internal mental model of the
world around the operator at any point in time (Endsley, Design and evaluation for situation awareness enhancement 1988, c.f. Neisser 1976). These
mental models within cognitive science have been successful at describing
the individual’s process of perception and awareness but fail to describe
many aspects central to the understanding of the artefacts discussed here.
As is central to this thesis, the concept of awareness also has important social dimensions. Our culture defines and prescribes what things mean and
how we should relate to objects in different situations. Our artefacts shape
and are shaped by the context in which they are used (Ingram, Shove and
Watson 2007). Hence, apart from previous personal experience of an artefact, the schemas and models of it and its uses are socially constructed. If we
want to design for increased awareness it is important to understand and acknowledge these factors. Therefore, in this thesis we aspire to take a holistic
approach to the issue of awareness by acknowledging different factors such
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as the user’s individual experience of interacting with the artefact here-andnow, and by looking into the social mechanisms that might come to play.
2.2.2 Social Conventions, Affordances, Feedback, Practices, and
the Idea of Scripts
Social Conventions
As previously mentioned, the context, such as social and physical factors,
affect how we perceive things. When exposed to a never-before observed
and unknown artefact, we appear to look for visual clues to categorize it
and create meaning. Our way of classifying and categorizing objects stems
predominantly from social and cultural learning. Norman calls this type of
knowledge cultural constraints that form behavioural “boundaries” that help
us navigate the unknown (Norman, Affordance, conventions, and design
1999). According to Norman there are three forms of constraints: physical1,
logical, and cultural. Logical and cultural constraints are weaker than physical ones in the sense that they can be refused or simply ignored (ref. pic the
walked up path). They take a longer time to adopt, and once adopted take a
long time to go away. For example, pink for girls and blue for boys are cultural constraints, knowing how to insert a credit card into the narrow slot
on an ATM is a logical constraint, and things like gates and fences would
be physical constraints. Used correctly, cultural constraints can prove to be
powerful tools for the designer, according to Norman (ibid.). Cultural constraints are utilized, challenged, and extensively explored through the design
experiments as part of this thesis.
Related to the above are the practices and conventions that human actors develop around artefacts. In this way, artefacts and practices can be said to coevolve and manifest what people believe to be normal and ordinary; hence,
they help develop and maintain a social order among a group of individuals.
An understanding of how artefacts and the social are intertwined is fundamental to critical thinking. In our work, such a perspective is an important
viewpoint that can be seen in our designs and in our approach to design as
co-evolving social objects.

1 Physical constraints are similar to affordances (discussed in the remainder of the section).
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Affordance
The term affordance is commonly used in the interaction design discourse
and denotes the quality of an object that allows an individual to perform
an action. Made popular by Norman, the term has its origin in perceptual
psychology where it was coined by Gibson (Gibson 1979). Gibson’s original
definitions cover how animals make sense of their environment by means
of its actionable properties, that is, the possible actions that exist between an
actor and the world. Norman, on the other hand, originally used the term
to denote how objects direct actions, for example, how a door handle can be
designed to show users where to put their hands (Norman, The Design of
Everyday Things 1990). According to this, the affordance is a property of the
object. It can be seen as the offered “action space” that is directly perceived
by the user. Norman later introduced perceived affordance – to denote what
he meant, which does not need to be the same as “real” affordances. A perceived affordance is what the user interprets to be doable rather than what
is actually possible. The car industry has long used self-explanatory designs
like natural mappings and different forms of constraints and reinforcements.
Fogg argues that technology constantly influences our behaviours and that
we need to be more aware of this in design practice as well as when we use
artefacts and services (Fogg 2003).
While the term “affordance” is still under debate it is nevertheless useful
when investigating how tactile and visual properties of design objects might
be perceived and interacted with by users. Therefore we will make use of
both real and perceived affordances since they are both interesting when
trying to understand the relationship between the design of artefacts and
energy awareness.
Feedback
Feedback is a rather complicated concept frequently brought up by researchers working in the area of behaviour and energy conservation. It is believed
that feedback in terms of information about how much electricity we consume will enable us to change behaviours (Fischer 2008). Aside from this,
the standard dictionary definition of feedback is the end or result of a causeand-effect chain; specifically, the information or event produced by a process, event, and action. Hence, this definition requires that someone initiate
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the process for a resulting event to occur. By providing feedback to users, it
is possible for them to respond to the given information, make changes, and
react to control a process (c.f. Jacko & Sears 2002). This in turn causes new
feedback from the process and the process repeats itself in a feedback loop. A
typical example of a feedback loop is when we drive a car; the position of the
car on the road is controlled by the steering wheel, which enables the driver
to adjust the position according to the sensory input from his eyes, hands,
and ears. It is worth noting that this type of feedback is non-obtrusive, direct, and natural since the driver does not to need to reflect on a cognitive
level about the actual feedback process involved. Feedback loops can also
be extended in time. For example, the electricity bill – which can be seen
as feedback on the electricity use – is only provided to the end-user once
a month or so. This makes it difficult to control the process of electricity
consumption and hinders the learning process about what consumes a lot of
energy. Feedback is central for learning – learning a language, driving a car,
understanding electricity use, and much more. Feedback enables changes in
actions in order to achieve a certain goal.
What has now emerged as a research problem is how to design energy feedback. Direct feedback, that is, giving users information directly after they
have used electricity in their home, seems to raise energy awareness and affect behaviours positively. According to Darby, various types of energy feedback devices such as home energy displays can reduce energy consumption
by up to 10 per cent (Darby 2000). However, several problems are associated
with the delivery of energy feedback to customers. Although the importance
of feedback is often mentioned in the area of behaviour and energy conservation, how this feedback should look and behave to achieve long-term
effects is not well understood and is a difficult design problem. For example,
direct feedback on actions is optimal if we want to foster learning and promote behaviour changes regarding energy-related actions. But how can this
be done in ways that seem effortless, non-intrusive, or engaging? If energy
feedback is put too far in the background the sought-after energy awareness
will not occur. If feedback is too intrusive and given inappropriately, it will
most likely be rejected in one way or another. When exploring this type of
feedback, it becomes clear that the social implications play a very important
part, and understanding the consequences of this is essential to the design
process. Hence, there are many design choices to be made concerning how

15

Sustainable Interactions

energy feedback should be provided to users, and understanding these problems is at the very core of this thesis.
Scripts
Scripts (Akrich 1992) is another theoretical construct derived from social
science that denotes how objects direct behaviours and actions and configure
human actors to behave in certain ways. Naturally, the term refers to the
scripts used in dramas to direct human actors to perform certain actions.
According to the proponents of this theory, scripts can be seen as built-in
“manuals” in the artefacts that permit and prevent certain courses of action.
Akrich, for example, defines scripts as objects that “define a framework of
action together with the actors and the space in with they are supposed to
act” (ibid.). Scripting is most obvious when objects are designed to configure
users in a very specific and practical way. One example of this is public toilets
where the flush button is hidden behind the raised toilet seat. To carry out
the culturally embedded practice of flushing the toilet, users are required
to first put the seat back down – a practice that is less universal (Ingram,
Shove and Watson 2007). Related to the above discussion on scripting and
affordances is Winner’s example of political design and how design can include or exclude groups in relation to activities and opportunities. Winner
takes a bridge as an example; the particular bridge provides access to a beach
in New York State and was intentionally designed to only allow cars to pass.
Only people that could afford a car, mainly white people, had easy access to
the beach (Winner 1986). What we see is a possibility for the designer to
make use of social conventions (cultural constraints) as well as other factors
(physical and logical constraints, practices, feedback, etc.) to steer the future
use of their designs. These design choices are more or less intentionally or
unintentionally incorporated, and users always have the possibility to appropriate and configure objects in other manners that they see fit (rejecting the
different constraints). As stated by Verbeek – objects do more than we tell
them to do (P.-P. Verbeek 2005).
2.2.3 Appropriation and Domestication of Artefacts
When designing objects for the home it is important to know how they are
appropriated or adopted by groups of users. The home is particularly difficult to design for due to the complex social dynamics and politics of families
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and households. There are conflicts over use, ownership, and placement of
objects, as well as anxieties to be dealt with regarding the disruptions new
products might bring to established routines and rituals. To better understand these processes, we have employed the domestication theory of Silverstone and Haddon in our work (Silverstone & Haddon 1996).
Silverstone and Haddon have developed a model – the domestication theory
– that attempts to explain how new media and technical artefacts gradually become an integral part of everyday life. It is a qualitative approach for
understanding consumption patterns among individual households concerning activities related to things like time, age, and gender. According to
these authors, objects and their functions are never finally decided, but are
constantly re-negotiated in order to maintain control and balance within the
household. The domestication process consists of three interrelated dimensions: commodification, appropriation, and conversion (Silverstone & Haddon 1996). Commodification is a stage prior to the actual user adoption and
refers to the activities of industrial designers and public policy makers to
create an identity and function for the new object. Hence, it refers to an
industrialized process of making products available, but it also refers to an
ideological dimension that expresses dominant values and the ideas that are
infused in the artefacts. Appropriation refers to the members of the household buying and accepting the product and bringing it into the home. The
object has to fit into a pre-existing culture and find a space in the home.
This is called objectification: processes that are fundamentally reflective and
identity defining – since the objects say something about the user and about
the household and its structure. Hence, the new object might challenge and
negotiate the differentiation and roles of the household; it may cause conflict regarding ownership and control, routines and rituals, and threaten the
household’s moral values. All these aspects create a pressure to modify the
object or throw it out altogether. The last of the three dimensions is conversion, which refers to the household’s connection with the outside world,
the need to display competence and ownership (ibid.) These activities play
out in terms of showing newly bought products and services to neighbours
and peers. We have employed the above discussed theory and its stages as a
model of how an energy awareness artefact may affect social processes in the
household over time (Paper 2).
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Figure 2: Users do not always follow predefined scripts – The design fails. Understanding the mechanisms for
this – the discrepancy between the intention of an artefact and how it is actually used – is an important step in
understanding how to affect behaviour through design.

2.3 Related Examples in Design and Energy
In the domestic sector the interfaces between electricity and users have been
subject to research by sociologists, design researchers, and practising designers, as a part of the design discourse. In this section we will mention related
designs of particular interest that span the design space of energy awareness
artefacts. We have chosen to classify them according to the three1 fields of
1 Tharp and Tharp also suggest a fourth category, responsible design, which is a socially responsible design driven by a more humanitarian notion of service. It is difficult
to find examples of commercially available, non profit, energy awareness artefacts. It is
per se a problem related to material welfare.
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commercial, experimental, and discursive design, as suggested by Tharp and
Tharp (Tharp and Tharp 2009). This classification makes it easier to interpret and understand the purpose of the different objects and how they can
provide useful design knowledge. These different categories can, of course,
overlap.
•

Commercial designs are oriented toward, and driven by the market.
Success is defined in mainly economic terms, and key ideas are usefulness, usability, desire, and affordability.

•

Experimental designs are motivated by an inquiry into a specific topic
such as, for example, a technology, a material, or an aesthetic issue. Exploration, experimentation, and discovery are keywords and the design
process is central.

•

Discursive designs are about the creation of utilitarian objects whose
primary purpose is to communicate ideas as tools for thinking – raising awareness of psychological, sociological, and ideological issues. They
can still function in the everyday world but the discursive argument is
what is most central.

2.3.1 Wattson: An Ambient Energy Display
Wattson is a commercially available energy-monitoring device that has received a great deal of attention for its original approach to home electricity
measurements (DIY Kyoto 2006). Directly targeting the end-consumer, this
device utilizes an external wireless sensor that is attached to the mains electricity cables at the fuse box. This approach allows it to measure the running
total in real-time (e.g., the kilowatts for the entire household). The information is represented using a digital readout on top of the Wattson display
and with ambient light on the underside of the device. Blue light means low
energy use, purple average consumption, and red excessive use of electricity. In addition to this, there is also an alternative readout that displays an
approximate calculation of the annual cost for electricity. Tilting the device
changes the different display modes. In addition, Wattson can also store daily consumption data, and this information can be transferred to a computer
via USB for further analysis, etc.
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Figure 3: Wattson by DIY Kyoto.

Wattson can be said to represent a range of commercial home energy monitoring products that provide “instant” feedback through an ambient interface
approach. The idea is to place the device at a central spot in the home and,
hence, not hide away the meter. As we will see, the Energy AWARE Clock,
one of the design objects most central to this thesis, uses a similar approach
(Section 4.1, Paper 2, Paper 3). This approach is closely related to the view
stated by Ambient Devices – an American company specializing in a range
of products using ambient information – “People want information, but they
don’t want to invest a lot of time in getting it”. This particular company also
offers products that can display information in similar ways as Wattson.
If we now follow the reasoning from section about domestication, its stages,
and so forth, it is reasonable to believe that the majority of the customers
that buy these kinds of energy feedback devices already have a pronounced
interest in environmental issues and/or want to save electricity. Although
it is not an aspect that is explored in depth in this thesis, it is interesting to
think about the mechanisms that lead to the purchase of a rather expensive
device like the Wattson.
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Figure 4: Static! Energy as a design material.

2.3.2 The Element and The Power Aware Cord from Static!
Static!, an experimental design research project conducted at the Interactive
Institute between 2004 and 2005, explored energy as a design material with
the intention to raise the general awareness about the issue and to make it
more present in everyday life (Mazé 2010). A set of interesting poetic objects relating to everyday life were developed that represented different approaches to how energy processes could be made more visible through form
and design.
The Heat-Sensitive Lamp is a lamp that acquires its form when it is switched
on for the first time; the material composition of the lampshade is heat sensitive and the lamp’s form is determined by the amount of heat emission
of light bulb (Mazé 2010). Depending on the power of the light bulb used,
the lampshade acquires different forms. Hence, the electricity that passes
through the light bulb, and is converted into light and heat, becomes essential to giving form to the lamp (i.e., a type of autopoesis) and as a result, energy itself participates in the design process. The lamp was created by Front
in collaboration with the Interactive Institute. The Power-Aware Cord is a
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re-designed electric power strip the cord of which is designed to visualize the
amount of electricity flowing through it. The power use of a device attached
to the cord’s outlet is represented by means of pulses, flow, and intensity of
light. The Element was made of thirty-five 60-Watt light bulbs. The power
requirements and heat emission of this device are similar to those of an ordinary electric radiator (ibid.). Using candescent light bulbs as “heaters” and
building blocks, this design raises interesting questions regarding the properties and relationships among heat, light, and electricity. For example, it is
usually difficult for the homeowner to tell whether the radiators are on or off
except by touching them physically. In contrast, the Element flares up like a
fireplace when a window is opened and cold air enters the room, which can
generate awareness of the energy consumption of the heating system.
These three design exemplars – all from Static! – are good examples of how
to recognize electricity, and properties associated with electricity, as a potential material for the design of artefacts (ibid).
2.3.3 Off Light-Switch Hanger and ParaSITE
Amron has designed a set of discursive objects that make clever and playful
comments on electricity use and our habits (Amron 2007). By making small
changes to already existing objects, as with the Off Light-Switch Hanger, people are encouraged to reflect on the built-in conflict of using a light switch
as a coat hanger. When you hang a jacket or a coat on the hook, the light in
the room is switched off. These kinds of polemics manifested in design may
not provide direct solutions for how we can reduce energy consumption, but
they do materialize an interesting conflict between habits, electricity savings,
and comfort.
An interesting project related to the above is paraSITE (Rakowitz 1998).
paraSITEs are custom built inflatable shelters designed for homeless people.
By attaching paraSITE to the exterior warm air outtake vents of a building’s
heating, ventilation, and air-conditioning systems the warm air leaving the
building is used to inflate and heat the parasitic structure. Rakowitz built
over 30 of these shelters that were distributed and used among homeless
people in a few larger cities in the United States. Although at first glance the
project might appear like an instance of responsible design, costing less than

22

Figure 5: OFF Light-Switch Hanger by Scott Amron.

Figure 6 paraSITE by Michael Rakowitz.
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five dollars to manufacture and providing shelter and warmth to homeless
people, Rakowitz makes it clear that it is not a solution but an agitational
artefact amplifying the problematic relationship between those who have
homes and the homeless. From an energy design perspective, the parasitic
structure reveals how much surplus heat and energy that is normally wasted.
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3 Perspectives and methods
This section describes the epistemological assumptions that underlie this
work and presents the methods and approaches we have employed to achieve
the results.

3.1 Interaction Design
This thesis is part of the field of Interaction Design (Moggridge 2007). This
research field mainly emerged from two different intellectual strands: human-computer interaction (HCI) and the design discipline (Löwgren 2008).
HCI can be said to originate from experimental psychology and computer
science, and it has traditionally focused on the usability and usefulness of
digital products and services in predominately work-oriented situations and
with a focus on the individual user. The design-oriented tradition is a combination of disciplines like graphic design, industrial design, and architecture, that are increasingly incorporating digital and interactive materials into
their practices. Moreover, participatory design (Ehn & Kyng 1991), with its
strong focus on the user, can be seen as an important ancestor of the field of
interaction design. Even though the research fields are converging there are
still significant differences in research approaches. This work can be said to
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take its starting point in the design-oriented tradition. The holistic character
of design has been described by Nelson and Stolterman in the following way
(Nelson & Stolterman 2002):
Design is the ability to imagine that-which-does-not-yet-exist, to make
it appear in concrete form as a new, purposeful addition to the real
world. […] We design our cosmologies, our homes, our businesses and
our lives, as well as our material artefacts. As such, design touches
nearly every aspect of our experienced world.
These authors see design as the foremost tradition of inquiry and action
among other traditions such as art, religion, science, and technology. They
claim that designers work towards desirable states rather than focusing on
problem solving to avoid undesirable states. Design therefore approaches
human conditions in a unique way through reflective practice, intellectual
apperception, and intentional choice. The practice of design is framed as
encompassing the real, the true, and the ideal. As a result of this holistic approach of design, design research is framed as research on a condition that
arises from a number of phenomena in combination, rather than the study of
a single phenomenon in isolation (Zimmerman, Forlizzi and Evenson 2007).
Moreover, yet another difference from traditional HCI, in which a utilitarian focus on new, efficient technology often proliferates, the design-oriented
part of interaction design also considers other types of qualities of the user
experience such as pleasure and joy, beauty and excitement, and social factors (Redström 2006). In this thesis, design is mainly regarded as the shaping
of an artificial world with a focus on form and use. The focus lies on the relations between design and social practice.
Zimmerman and colleagues point out that interaction design researchers
integrate true knowledge, that is, the models and theories of behavioural
scientists, with how knowledge, that is, applying the technical opportunities
provided by engineers. Furthermore, design researchers base their explorations on real knowledge produced by anthropologists and by design researchers doing field studies for design projects. What follows should be an active
process of ideation, iteration, and a critique of potential solutions to continuously reframe a problem and make progress towards a preferred state.
The prototypes and the documentation of the design process help to frame

26

engineering

design
practicioners

interaction
design

field
data

design
practicioners
research
artefacts

s
el
od
m
y/
, ec
or
ps ff
the
ga d e
l e
ode at
y/m icip
r
o
e
t
t h unan

ts

anthropology

research / practice
barrier

tech
nic
al
op
or
tec
tu
hno
ni
lo
ti
gy
es

behavioural
Science

Design Reasearch Community

Figure 7. A slightly modified version of a model suggested
by Zimmerman and colleagues of how interaction designers can conduct research that emphasizes the production of
artefacts as vehicles for what “ought to be” and influences
the practice community (Zimmerman, Forlizzi and Evenson 2007). From experience gained in AWARE, working in cross disciplinary projects, different practices blend
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together and roles do not necessarily have to be divided
between different individuals. A research team can also
work cross-disiplinary and produce research artefacts in
close collaboration. Also worth pointing out is that artistic
practice, as an influence for design work, is not taken into
account in this illustration.
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a problem more concretely and exemplify a discursive argument for the preferred state (Zimmerman, Forlizzi and Evenson 2007).

3.2 Research Through Design
The epistemological perspective of this research is rooted in a hermeneutic/
pragmatic tradition that emphasizes qualitative data collection and a holistic
level of analysis (Fishman 1999). The resulting research prototypes should
therefore be seen as materialized discussions and ways to map out and understand a design space. Hence, the goals of the design researchers are not
purely utilitarian; instead objects are also created as design experiments. They
are used to uncover unknown aspects of the problem and to disclose tensions between the designer’s various intentions, as well as to provoke a reaction in the recipient of the object. The suggestions result in scenarios that can
be tested and discussed by stakeholders such as users, policy- and decisionmakers, producers, and designers. This type of inductive approach has the
potential to create new knowledge and understanding of what further questions to ask. This approach is often referred to as research through design
(Frayling 1993).
According to Frayling, one can – by using design to support critical reflection – gain valuable knowledge about how to design future systems of products, places, and services (Frayling 1993, c.f. Schön 1983). The physical results also create a basis for more nuanced discussions on what we desire, and
demonstrate alternative possibilities to what already exists. Design artefacts
act here as mediators or agents of key ideas explored, rather than as mere
instruments of utility. After all, design is about creating something new and
not just recreating what already is. When creating something new, you always make implicit or explicit decisions that are rooted in ethics and not
just in logic. For example, social, gender, and environmental questions are
related to how we wish our society to look in the future. The function of the
artefact is to be a tool for thought, for raising awareness and understanding
of different issues and concerns.
Design research work does not follow a linear deductible path where everyone would arrive at the same result. Moreover, it is not reductionistic, since
reducing a design problem can simplify it to such a level that it becomes
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pointless to explore. Instead, the design suggestions have the possibility to be
inserted into a social setting, in the form of a physical prototype, as a design
probe, to gain feedback and reflections around the objects and their possible use. The goal is not to conform to current norms, but to question and
provoke in order to increase understanding of present problems and raise
new related questions. We want to use the “rhetoric” of the design language
to make arguments in the ongoing everyday conversation between material
shape, its use, and the social traditions that are built into and constantly reinforced by artefacts. By producing fully working design prototypes that can
be tested in real settings – a better understanding of the discrepancy between
design intentions and actual use is gained as well as a deeper, more refined
articulation of socio-technical relations that can be difficult to articulate and
explore.

3.3 Design Interventions and Domestication
Probes
In this thesis, we have employed the domestication probe methodology
(Gaver, et al. 2006) (Routarinne & Redström 2007). Domestication probes
are used in design research to elicit tacit knowledge about how concepts are
used in real world domestic settings and to reveal new design opportunities. When an object enters the home and is domesticated into the existing
ecology of household goods, it challenge everyday routines and enables both
users and designers to reflect in a critical way. The idea is to let people reflect
upon objects, their functions, and how they relate to everyday life (Dunne
1999; Ernevi, Palm and Redström 2007).
Design prototypes can invoke and provoke responses that can be collected
by means of interviews or with cultural probes such as cards, maps, calendars, recorders, and cameras (Gaver, Dunne and Pacenti 1999). These responses can also be compared with the designers’ original ideas or intentions
regarding the artefact.
Domestication probes can be open-ended, meaning that the objects do not
clearly solve a well-defined problem in the home. Users always try to make
sense of new objects, and listening to how they interpret and try to “tame”
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new artefacts can reveal a deeper understanding of the social as well as cultural aspects of the artefact in the household. The open and provocative aspect of the artefact is therefore intentional on the part of the designer as
a way to understand use, meaning-making, and how newcomers might be
incorporated into the already present ecology of things in the household
(Routarinne & Redström 2007). For example, Routarinne and Redström
used domestication probes to investigate how two energy-related designs
were received and how they fitted into the householders’ everyday life. They
also compared the results from the domestication probes with the initial in-
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Figure 8: Projects timeline and setup, artefacts and articles.

tentions of the designers regarding energy awareness and found that some
intentions were actualized whereas others were not (ibid.). Briefly put, the
results showed that the initial scenarios for home use were not realized to
any larger extent, but that the users reflected upon their values and attitudes
regarding electricity use. The study also highlighted the complexity of saving
energy in general.
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3.4 Research process
In order to investigate how objects should be designed if they are to form and
be part of new types of energy conservation activities in everyday life, the
research process was largely organized as follows: a data collection phase, a
design phase, and, finally, a comparison of the design intention (envisioned
use) and the real-life experiences of users. Even though the design process
and the emerging design concepts act as research tools (Section 3.2), the
final prototypes are considered results just as much as is the feedback provided by the users.
The research efforts were carried out in three research projects: AWARE,
DESME, and Clockwise. The majority of the work presented in this thesis
comes from AWARE and to some extent DESME. The author did not conduct any design or fieldwork in Clockwise, but its results are central to this
thesis.
Six design prototypes were produced in the AWARE project and two were
developed in DESME. In this thesis, we will discuss a total of six relevant
design concepts from these two projects. The artefacts have been used to explore implications and possibilities for design regarding the relation between
artefacts and our use of energy in households. Three of the prototypes were
treated in greater depth (the AWARE Laundry Lamp, the Energy Plant, and
the Energy AWARE Clock discussed in Sections 4.4, 4.5, and 4,1), while one
of these, the Energy AWARE Clock, has its own user study in the Clockwise
project. A common feature of both AWARE and DESME was the fact that
they were conducted in three stages: a qualitative data collection phase, a
design phase, and an evaluation phase. These were not performed entirely
chronologically, since some activities overlapped at different stages. The Energy AWARE Clock has been updated and modified several times within
AWARE and Clockwise, making it more robust for the final domestication
study (Sections 2.2.3, 3.2 and Paper 3).
3.4.1 AWARE: Design and Research Process
The AWARE project was initiated with a qualitative data collection phase
consisting of a set of stakeholder interviews in the domestic context with the
goal to get an understanding of energy use as a socio-cultural phenomena
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in the home (Paper 2 & 3). Our research group at the Interactive Institute
identified areas of interest and themes that were then used to put together an
interview guide. Both the ethnologist and the designers worked side-by-side
in using the interview guide to conduct the interviews. The reason for this
setup was to give the designer first-hand experience of the home environment. Nine interviews in total were conducted with people having different
ages, family situations, and kinds of housing. Each interview took about two
hours and was followed by a tour of the home with discussion and photographing. The interviews were transcribed and analysed using methods such
as meaning concentration (Kvale 2007) and affinity diagrams. The result was
a set of cues and personal inputs that were used in the subsequent design
phase.
The design process consisted of a combination of rational analysis of the initial interview data and intuitive choices based on practical and aesthetic experience and design knowledge. The design process is complex and linked to
the participating individual designers’ lived-world experiences. Hence, subjectivity and personal experience were part of the decision processes as well
as being tools the designers used to reflect on solutions and ideas, (Schön
1983 c.f. Stolterman 2007). In the group design meetings that were held in
the project, the keys and clues from the interviews were combined and processed in several brainstorming sessions (Goodwin 2009) until about thirty
conceptual ideas were generated. Of these thirty, six were chosen for further
refinement and prototyping. Moreover, alongside this design development,
the researchers were also looking for more general conclusions that could be
drawn from the interview data on energy behaviours and attitudes. The concepts that were finally selected for further refinement and production were
the Energy AWARE Clock (Section 4.1), the AWARE Puzzle Switch (Section
4.2), the AWARE Handle (Section 4.2), the Share AWARE Light (Section
4.3), the AWARE Laundry Lamp (Section 4.4), and the AWARE Chandelier
(not included in this thesis).
3.4.2 DESME: Design and Research Process
In the DESME project several design workshops and seminars were held.
The common theme of these meetings was “lifestyle”, the ideation motor. The
group identified a set of specific lifestyles and trends in contemporary Swed-

33

Sustainable Interactions

ish society. The key driving forces and motivators behind them were mapped
out, and relationships were discerned regarding how energy conserving actions could be merged together with these driving forces. Extreme lifestyles
were used as creative input into the design process. Aesthetic properties
and ideations associated with each specific lifestyle were also described. For
example, gardening was chosen as a lifestyle for closer examination. Caring and nourishing are prominent driving forces behind gardening; seeing
a plant grow and flourish is rewarding for this group of people. Another
lifestyle examined more closely was online gaming. By taking care of and
improving online avatars and virtual worlds – rather like with the gardening lifestyle – this group displayed nourishing aspects as well. Observations
of this sort were collected as interesting components that could be used in
conjunction with electricity saving, for example, by incorporating similar
nourishing features in an electricity saving device. This idea later became the
Energy Plant (Section 4.5).
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4 Design Prototypes
The intention behind all the concepts presented in this thesis has been to create design examples that in various ways discuss and investigate how people
relate to energy. Another objective has been to explore how design can foster
behavioural change through awareness and engagement. In the AWARE and
DESME projects, a series of design prototypes were developed based on the
project’s research agenda, feedback from user studies, and input from literature surveys. This section presents some of the prototypes and discusses the
rationale behind the designs mainly using the previously explained concepts
of social conventions, affordances, feedback, scripts, appropriation, and the
domestication of artefacts.

4.1 Energy AWARE Clock
The Energy AWARE Clock was designed to communicate energy use pattern
as an integrated part of everyday life. The prototype visualizes the daily electricity rhythms of the household on a, by default, 24-hour clock-face, and
is intended to resemble an ordinary kitchen clock, both in form, location,
and use. The external shape of the Energy AWARE Clock resembles a twodimensional house and has a front covered with a dark, transparent, acrylic
sheet mounted on top of a colour display. The display shows a circular graph
that renders the home’s present use of electricity (kW) and also the historical consumption over time (kWh). The electrical consumption data is sent
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wirelessly to the Energy AWARE clock from a small unit attached to mains
fuse box. A complete rotation on the clock-face can represent anything from
a minute to an hour, 24 hours, a week, or a month depending on which view
that is selected using one of the two buttons on the front. The other button
toggles a numerical kW representation on and off. The angle of the pointer
on the display represents the current time and the length of the pointer represents the amount of power being used at that specific moment (i.e., kW).
Since kilowatt-hours is a complex concept we wanted to move away from
this, and focus on relationships in a more visual way. When an electrical appliance is switched on this can be seen on the display immediately in terms
of a longer pointer. As time moves on the pointer leaves a trace showing the
historical electricity use. . The shape of the resulting graph indicates what has
happened during the course of the day. Previous turns fade away slowly and
today’s consumption is drawn on top of that of previous days, making it possible to compare your current electricity consumption with that of yesterday
and the day before yesterday.
As a result of the field study and the emerging design concepts, three themes
regarding how the energy systems were intertwined with the social aspects
of life in the households were identified: complexity, visibility, and accessibility. Information and feedback about the electricity consumption were found
to be delayed and hard to understand. The representation of the energy system was disguised and hidden away, or located somewhere secluded from
the everyday living area. The intention of the Energy AWARE Clock was to
create a new kind of energy display that would borrow the connotations of a
normal kitchen clock – glanced at regularly throughout the day – in order to
make electricity use more concrete in relation to ordinary activities as well as
to be a tool that can encourage discussions about electricity consumption in
the home. An essential idea of the concept was that all household members
would discover and learn about the electricity patterns over time, and this
made it important to attempt to engage all the members of the household by
encouraging a central placement instead of a hidden-away place where only
some of them would go. The Energy AWARE Clock was intended to stand
out as a objects of its own.
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4.2 The AWARE Puzzle Switch and The AWARE
Handle
The AWARE Puzzle Switch is an on/off button designed to encourage people
to switch off home lighting by playing with people’s built-in desire for order
– just like straightening a crooked painting on the wall. The idea originally
came from one of our informants who said that “turning off the lights” was
like “tidying up” when leaving a room. The thought behind the switch was to
elaborate on the idea of a pattern being complete when the light is switched
off and out of balance when it is on. This is the opposite of what one would
normally perceive with an electrical switch and the concept of the open and
closed circuit.
Light is visible (for most of us) and acts as a reminder that electricity is being
consumed. However, if a room is already very bright, for example, because
of sunlight, it can be hard to notice if a lamp is switched on. The AWARE
Puzzle Switch was designed to be very visible with a high-contrast pattern
and strong colours. This clearly differs from the design of traditional light
switches that often are meant to blend into the wall as discreetly as possible.
In contrast, our light switch is perceived almost like an ornament or decoration, attracting the eye and claiming space distinctively. It also gives much
stronger visual feedback about its on/off state than a traditional switch making it easier to see from a distance.
Just as design can facilitate everyday interactions, it can have other agendas
and guide us in many ways. If a light switch can afford energy saving actions through its form, this would be an interesting path to explore. This line
of thinking relates to the aforementioned scripts that direct human actors to
perform certain actions. The scripts can be seen as built in “manuals” that
permit and prevent certain courses of action. The Puzzle Switch clearly has
a built-in script and becomes a material actor that communicates – through
a mixture of cultural ideals and psychological and cognitive mechanisms – a
way to save energy in the home. We believe that this type of visual persuasion
and embedded scripting can be very valuable in the future. Even if the outcome was minor, such as one per cent of the total energy consumption of the
household, the total impact of many light-switches could be considerable.
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We also designed a radiator handle – a redesigned thermostat – called the
AWARE Handle. This handle is fitted with rather sharp edges that cut into
the hand slightly when it is turned in a specific direction (towards higher
temperatures). Hence, it is more comfortable to lower the temperature of the
radiator than to increase it. The AWARE Handle also visualizes its current
position with the aid of info-graphics that do not use the traditional numbers (1–4) but other types of symbolic icons. These icons depict concepts relating to heat and cold but are also designed to inform the user on a cognitive
level about the consequences of the different settings. A combined situated
persuasion can be said to emerge from both the tactile (the edges) and visual
(the icons) properties of the handle.
Both the AWARE Puzzle Switch and AWARE Handle have been built as
working prototypes. Linde and colleagues evaluated the AWARE Puzzle
Switch in a user workshop in regards to user attitudes, functionality, and
interaction, and also estimated its commercial potential (Linde 2008).

4.3 Share AWARE Light
The Share AWARE Light can be said to be situated at the other end of the
spectrum with regard to the AWARE Puzzle Switch and the AWARE Handle. The Share Aware Light also employs the medium of light but, as the
name implies, through a mutual, ongoing negotiation of sharing – making it something much more situated and conscious. Concretely, the Share
AWARE Light is a series of portable, radio controlled light sources that share
a fixed amount of light. For example, when one lamp is made brighter, the
others lamps are proportionately dimmed by an equal amount. Light is used
where it is needed the most, and where that might be is up for debate among
its owners.
The central idea explored with Share AWARE Light is how something fundamentally quite unpractical, a limited amount of light that has to be shared,

Figure 9: Right page, three versions of the AWARE Puzzle Switch concept. At the top, encouraging
turning of lights by closing an open lid or, middle and bottom, closing a disrupted pattern.
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could instead be used as a central property that helps constitute the overall
mythology of the product. Building on this idea, we designed each lamp to
be perceived as a small and limited character that communicates its own
needs and resources. Having an organic form and sized to fit in your palm,
the Share AWARE Light is portable and cord-free, running on re-chargeable
batteries. It can be carried and placed closed to the user for reading, convenience, company or just to create an overall ambience in the room. The light
source selected was a set of light emitting diodes (LEDS); one warm-white
for main lighting and a few additional multicolour LEDs that are used for
communication purposes. For example, when the Share AWARE Light is
switched on for the first time, it scans the network of other lamps in its surroundings. Lamps belonging to the same network are assigned a “network-

Figure 10: The interior of the Share AWARE Light: Antenna, mirco-chip, bright warm-white and RGB
LEDs among others (Electronics and programming by Jonas Andersson).
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Figure 11: Drawings for AWARE Laundry Lamp. Left, the ceiling model; middle and right - the
floor model.

specific” colour; that is, this colour pulsates briefly when the Share AWARE
Lights are turned on. Similarly, when the batteries are running low, the
warm-white light turns off and the group colour lights up to signify group
belonging and personality. Moreover, when the lamp is plugged into an ordinary power outlet for charging; the lamp slowly pulsates with a warm-white
colour to produce a “feeding effect”. In short, our intention with the Share
AWARE Light was to explore the possibilities of deliberately going against
the functional view of electricity, and instead having it become a central part
of the mythology communicated by the lamp. Three fully functioning prototypes have been constructed at the Interactive Institute.

4.4 AWARE Laundry Lamp
The AWARE Laundry Lamp is an attempt to combine positive symbols and
activities such as hanging your clothes out to dry in the sun and designing your own lampshade. The users make their own statements with the
kind of laundry they put on display. Switching on the lamp helps to dry the
clothes faster as well as adding ambience to the room. The idea was to encourage hang-drying clothes instead of tumble-drying them, a measure that
can drastically reduce electricity consumption. Tumble dryers are one of the
greatest consumers of electricity in the home. The action of hang-drying
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Figure 12: A two-dimensional sketch of Energy Plant. The actual plants
are made from L-systems, a variant of a formal grammar made to model the
growth process of plant development. It was introduced and developed by the
theoretical biologist Aristid Lindenmayer (1925-1989).
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your clothes, changing the style and mood of the Laundry Lamp, helps differentiate and modify the overall expression. The Laundry Lamp engages the
user in an ever-continuing design process that encourages an active use over
time. We wanted to make the action of hang-drying clothes a compelling
alternative to tumble-drying by offering an artefact that appeals to our desire
for beauty, desire, and fun as alternatives to efficiency, speed, and convenience.
Another interesting argument that is embodied in the AWARE Laundry
Lamp is the lack of high technology. Made out of metal tubes, cables, an electric cord, a lamp socket, and a light bulb, the lamp exemplifies that modern
energy conservation does not necessarily have to involve the development of
advanced technology. Here, the focus has been on offering new use patterns
through design instead of falling into the trap of reinforcing the same behaviours with more advanced technology.

4.5 Energy Plant
The Energy Plant is an ambient transparent LCD-display that shows the electricity consumption of the household in the form of a growing plant. Each
new month, a digital seed is “planted” and starts to grow on the screen. Modest electricity consumption result in a thriving fast-growing plant and heavy
consumption makes the plant wither. Taking care of the Energy Plant means
reflecting on your electricity consumption and associating it with the excitement of seeing how the plant will evolve and grow. Starting with a new seed

Figure 13: Example of plant growth using an L-system with an
increased number of iterations.
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every month creates curiosity about what is to come and a chance to start
over in case last month’s plant didn’t turn out as desired. The user can never
be sure what kind of plant that will grow from a given seed. The idea is that
the display can be placed in a window like an ordinary plant, or elsewhere.
The inverted shape of the flowerpot together with the information shown on
the display convey the story of the growing plant.
The transparent display serves several purposes. On sunny days it can cast a
shadow of the plant that wanders through the room drawing attention back
to the display and its message. It also serves the purpose of foregrounding
the information shown on the display rather than the display itself. The inspiration for the design was taken from two existing lifestyles: gardening
– the fascination of making real plants grow; and the gaming lifestyle where
one, for example, tries to develop and improve online characters in a game.
The Energy Plant has two buttons located on its front: an info button and a
history button. Like with the Energy AWARE Clock, this info button toggles
additional information for those who want to take a closer look at their rate
of electricity consumption. When enabled, this feature shows your current
electricity consumption in kilowatts (kW) and the overall consumption for
the current month in kilowatt hours (kWh). The history button also allows
users to go back one month – and plant – at a time so that no single unique
plant is lost in time. If the info button is activated one can also compare the
overall electricity usage of the different months and the outcome that results
in any specific plant.
Just like the Energy AWARE Clock, the Energy Plant is an attempt to break
away from the traditional screen-based type of interaction in the context
of energy metering; it is an ambient display that provides information with
little effort from the user. A quick glance at it should be enough to tell if the
home-consumption is low or high. The Energy Plant has been developed
as a non-working prototype only. The technology needed to manufacture it
exists today.
Figures 14, 15, 16, 17, 18, 19, 20, 21, 22 and 23: Right page page and page 46 and 47 the Energy
AWARE Clock. Page 48 to 51, AWARE Handle. Page 52 and 53, Share AWARE Light. Page 54
and 55, AWARE Landry Lamp. Page 56 and 57, Energy Plant. Page 58, AWARE Puzzle Switch.
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5 Discussion
In this thesis, we have suggested a series of diverse experimental objects as
means to explore a design space, to reflect on energy awareness in general, and to think about the role these types of artefacts will play in everyday
life. The design experiments can be said to be examples of ways to construct
awareness using different design principles and sensory modalities for use in
a future domestic situation. One of these prototypes – the Energy AWARE
Clock – was studied in greater depth and was installed in nine households
for three months in a design intervention study (Paper 3). In this chapter, we
will discuss issues revolving around the above-discussed themes that are not
at all uncomplicated – having such technology in our homes also affects social structures, norms, and behaviour. We will start by discussing the Energy
AWARE Clock.
This study indicated that the placement (visibility and accessibility) of the
Energy AWARE Clock greatly influenced the electricity consumption awareness of the informants. The mere presence of an energy meter with its unique
utopian design,1 suggesting something new and modern, acted as a reminder
that energy was being consumed. We also found that the placement of the
1 See Adrian Forty, Objects of Desire Design and Society 1750–1980 (Forty 1986) in which
three typical stages of product development are described: the archaic, where one tries to
incorporate new technology by imitating a well-known older artefact; the suppressed, where
products are hidden in something else; and the utopian, where the form suggests something
entirely new and modern. One might argue that the Energy AWARE Clock is also archaic in
that it bears a resemblance to the traditional kitchen clock.
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display greatly affected the degree of involvement in the energy issue of all
household members. In our study, the clock was placed visibly in the kitchen, and this allowed the whole family to be included in the home’s energy
consumption. Interestingly, since the kitchen is a traditionally female domain, and electricity is a secluded and traditionally male area of expertise,
our arrangement also played a role in promoting gender equality.
The opinions about the Energy AWARE Clock varied greatly among the
informants. For example, the accessibility and visibility of the energy consumption information turned out to be problematic for some informants.
Being reminded of their personal electricity use made some users feel guilty.
Moreover, our clock brought trade-offs between comfort and environmental
concerns into the open and this led to feelings of guilt, expressed by one informant as “giving up life” when describing the pressure to change comfortable habits into less comfortable but more environmentally friendly ones.
The informants that appreciated the clock and used it to learn about their
electricity usage did not express the same concerns. The differing opinions
about the artefact are difficult to explain; some were very positive towards
the artefacts but some were rather harsh and antagonistic. It seems that larger societal problems can easily be projected onto energy awareness artefacts,
and this can be provoking to some. For example the clock often became a
conversation piece and proxy for more general societal issues; people attribute their fears and anxieties to using the artefact, as a proxy. Hence, some
statements about the clock and its design may not actually be about the clock
itself, but related to more general issues that the clock touches upon, which
is just as interesting. Another interpretation is that the interview discussions
about the artefact are in fact a natural way of negotiating and understanding
the artefact (i.e., theory of domestication).
Taking the different stages of the domestication process into consideration
in the design phase was fruitful, in particular when we tried to envision how
the artefact would be used over a longer period of time. The connotations
borrowed from ordinary clocks were meant to help convey our idea of how
we intended the Energy AWARE Clock to be used, an expectation that was
actually borne out in reality. The clock went through a discovery phase and
then entered a confirmation phase – more like a real clock used for checking
and confirming the time. This was not without complications though; the
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merging of a clock and an electricity meter also added confusion, as mentioned earlier – the Energy AWARE Clock was a new kind of object and the
informants struggled with how to categorize it – was it the one or the other,
or both? Let us now discuss the other design experiments conducted in this
study, which can be seen as physical manifestations of how one can approach
awareness through the design of artefacts. The inquiry revolved around topics such as motivation for change through different driving forces, the user
experience when using an object, visibility, and meaningfulness.
Design researchers have suggested that in order to create a more sustainable
development it is important to design for strong emotional bonds in terms of,
for example, brand values, durability, and similar qualities. This is in contrast
to the high consumption and throwaway culture that has become a prevailing lifestyle (e.g. Chapman 2005). For example, instead of using design to
create a demand for the newest and latest things, is it possible to encourage
consumers to love and cherish objects more as they get older? Encouraging closer bonds to artefacts and more sustainable types of interaction calls
for new alternative types of artefacts. Such design endeavours require that
an understanding for the different driving forces that motivate and engage
people to put in extra time or effort to change behaviours and practices. The
Energy Plant and the AWARE Laundry Lamp were designed around this
idea. For example, the AWARE Laundry Lamp was designed to encourage
people to hang-dry their laundry instead of tumble-drying it by combining
an energy efficient behaviour with lifestyle trends such as home decorating.
This made the result of a mundane task into something decorative. Similarly
the Energy Plant paired motivations borrowed from gardening – nurturing
and taking care of a plant –with saving electricity in the home. The technology to store and transport large amounts of energy has granted mankind the
ability to travel faster and be more efficient. The desire to create more free
time to do things considered valuable in life has been a driving force. Hangdrying is slower than tumble-drying and involves more manual labour, but
the latter consumes a lot more electricity. Here it needs to be pointed out
that quite often the perceived benefits of new technical improvements and
time-saving designs are cancelled out by a rebound effect (Abrahamse, et al.
2009). Energy efficient devices are used more often, and new products that
claim to relieve everyday labour, like for example the washing machine, actually do the opposite by enabling raised standards and new norms of when
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clothes are considered clean or dirty1 (Ilstedt Hjelm 2004).
We have suggested alternative types of motivators that could challenge and
convince users to change their behaviour. When considering aspects that can
motivate this type of change the user experience becomes central (Redström
2006). The Share AWARE Light plays with this idea when creating a tension
between an imposed limitation of a specific amount of light and the playful
experience of precise control of a shared light over distance.
Social scientists have discussed factors that affect stress and well-being and
these can say something about how we can design energy awareness artefacts. Antonovsky, for example, has suggested that comprehensibility, manageability, and meaningfulness are of importance when we have to cope with
stress (c.f., the above discussion on the perceptions of the Energy AWARE
Clock) (Antonovsky 1987). The same can also hold on a theoretical level
for managing personal energy use; if we can be in control and understand
the consequences of our actions, we can also minimize the negative stress
that might result from always having a background awareness of our personal energy use. With this line of thinking, one might argue that just as a
functioning democracy depends on its citizens casting well-informed votes,
a sustainable society should require information about energy use to be visible and present so it can be and acted upon in meaningful ways. The Energy
AWARE Clock was designed with this in mind. The AWARE Puzzle Switch
and the AWARE Handle illuminate and explore this relation from another
angle, experimenting with affordances and scripts on a more basic level. A
physical argument is made every time an artefact is used, in the hand, eye,
and mind.
Borgmann sheds light on the relationship between energy awareness and
design (Borgmann 1987). According to Borgmann, post-modern society
and new technological devices detach us from processes that we previously
engaged in or nurtured. We have become “controllers” of appliances and
processes instead of being an embodied part of the underlying processes
(c.f. Dreyfus 1990). An example of this in the energy domain is the woodburning fireplace – the focal point of the household – that was replaced first
by the stove and then by the furnace. Today, we have progressed even further
1 The same holds true for economic incitements in which money saved in one place is usually spent somewhere else with unknown environmental consequences.
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to where the manual labour involved in managing energy is out of the loop
altogether. We control the individual electrical appliances and do not reflect
on the fact that energy is being used. Borgmann’s theoretical constructs –
focal things and device paradigms – reflect this transition; focal things are
meaningful objects that direct attention to meaningful activities, while the
term device paradigm denotes a technological paradigm of objects and activity systems that just fulfil artificial needs. In line with Borgmann’s argument,
designers could aim to form the interface to the energy system to disclose
energy as a focal thing instead of seeing the interface as a control device. In
this thesis, we have aimed to explore this relationship and its consequences
for design – experimenting with how to re-enable electricity as a focal thing.
Social and cultural traditions can be deliberately built into artefacts on a
connotative level while things such as the perceived affordance denote what
the artefact is and how to use it. These types of semantics make up a product mythology (Barthes 1967). The images of how an object functions, what
purpose it fulfils, where it should be placed, and who can use it, are all related
to the product mythology. As designers and citizens, we navigate through an
artificial world made up of different mythologies of what things “are”, consciously or unconsciously confirming or questioning the already existing
through the design of new artefacts. We can make use of existing mythologies through the semantics of objects, transferring connotations of meaning
and use. When creating a new artefact, we can deliberately cut and paste,
merge and use the common knowledge tied to the dominating perceptions
anchored in the materiality of society as well as in internal models of the
user. Nevertheless, it seems that encouraging more sustainable behaviours
is a matter of understanding how to combine the right aspects of aesthetics,
use, and engagement, to create objects, places, and services that people are
drawn to and desire. Through design knowledge and empirical user interventions we can better understand these relationships. Based on our design
investigation so far, it is clear that we need to work on several levels and with
several interaction modalities to achieve more sustainable everyday actions
in the home. The interface of a household’s energy system needs to be seen as
one system and one action space. This system can encourage actions, prevent
negative energy behaviours, and give feedback implicitly or explicitly. Our
everyday interactions with the energy system can – through and with the
everyday appliances and their interfaces – act as small arguments and awareness cues through our eyes, hands, and ears; small meaningful and non-ob-
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trusive interactions with the power to change behaviours and actions.
The work presented in this thesis has been exploratory, trying to create a
foundation for a more nuanced understanding of how energy awareness
artefacts could look and behave, and in conjunction with this, include the
social implications related to such designs. Using prototypes as mediators of
the key ideas explored this thesis has been a way to attempt to uncover some
possibilities and some difficulties of the concept of energy awareness from a
design perspective. The studies presented here are the result of a hermeneutic
research approach (Fishman 1999). This means that from a certain topic – a
conceptual problem – theory and understanding emerge as a result of interpretation and a dialectic among many sources of information. Consequently,
our study should be seen as a set of design experiments and inquiries into
complicated energy awareness processes and as exploring future alternatives.
An overarching research need is to find ways – through the use of energy
awareness artefacts and design – to make energy meaningful in everyday life
(to turn devices into focal things). Questions on how to attach significance
and meaningfulness to artefacts in our surroundings, turning instruments
of utility into something more will continue to be central. In conjunction
with this, we believe that the use of scripting to approach the domestic environment as a scene for staging meaningful, sustainable, and directed actions will be interesting to investigate. Moreover, physical arguments and the
aforementioned concepts of affordances, perceived affordances, physical and
logical constraints, and cultural constraints are worthy of further investigation in this area of research.
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6 Conclusion
In this thesis, we have explored the concept of energy awareness in relation to design and behaviour. The approach was holistic and exploratory,
acknowledging both the users’ individual experience and the social aspects
related to design. The goal has been to expand the current instrumentalist
view of energy awareness as solely a user feedback problem. The thesis has
exemplified ways to embed energy awareness precepts and actions in our
everyday routines. Based on the results, we suggest that energy awareness
can be sustained by numerous small arguments and everyday interactions
mediated by the artefacts in the home. By viewing the artefacts as parts of a
larger interface to the energy system, every appliance can act as an element
in communicating energy use. We have exemplified various interaction modalities that can be utilized to visualize, draw attention to, enable, steer, constrain, associate, engage, and create meaning regarding energy-related issues
in the home.
A secondary finding is that all energy awareness artefacts that enter the home
also have an effect on the social interplay. Consequently, placement and visibility are important factors. Moreover, the awareness artefact must be comprehensible and hence have an accessible design language for all members of
the household (complexity) that aids them in understanding the relationship
between everyday activities and energy consumption.
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Our studies also revealed that the energy awareness artefact embodies the
conflict between environmental concerns and the demands of everyday life.
This tension can be attributed to the energy awareness artefacts themselves,
and create unwanted negative associations for the users. Designers need to
acknowledge the “environmental guilt”, for example, by showing that substantial energy savings can be achieved without compromising on the quality of life.

66

References
Abrahamse, W., L. Steg, C. Vlek, and T. Rothengatter. “A review of intervention studies aimed at household energy conservation.” Journal of Environmental Psychology, 2009: 1–19.
Adams, M., Y. Tenney, and R. Pew. “Situation awareness and the cognitive
management of complex systems.” Human Factors 37, no. 1 (1995): 85–104.
Akrich, M. “The de-scription of technical objects.” Shaping technology/
building society (MIT Press), 1992: 205–224.
Antonovsky, A. Unraveling the mystery of health, how people manage stress
and stay well. London: Jossey-Bass, 1987.
Amron, S. “OFF - Light Switch.” Amron Experimental. 07 09 2007. http://
www.amronexperimental.com/OFF_Light_Switch_Hook.html (accessed 11
17, 2010).
Barthes, R. Mythologies. New York: Hill & Wang, 1967.
Berg Insight. Smart metering: Smart Metering in Western Europe. Strategic
research report, Berg Insight, 2010.
Bladh, M. El nära och långt borta. Linköping: Tema T, Linköping University,
2007.
Blauvelt, A. Strangely Familiar Design and Everyday Life. Minneapolis:
Walker Art Centre, 2003.
Borgmann, A. “Technology and the character of contemporary life: a philosophical inquiry.” University Of Chicago Press, Jan 1987.
Broms, L., C. Katzeff, M. Bång, Å. Nyblom, S. Ilstedt Hjelm, and K. Ehrnberger. “Coffee maker patterns and the design of energy feedback artefacts.”
8th ACM Conference on Designing Interactive Systems (DIS ‘10). New York:
ACM, 2010. 93–102.
Carlsson-Kanyama, A., and A-L. Lindén. Hushållens energianvändning,

67

Sustainable Interactions

Väredringar, beteenden, livsstilar och teknik – en litteraturöversikt. Stockholm: FMS, 2002.
Chapman, J. Emotionally Durable Design: Objects, Experiences & Empathy.
London: Earthscan Publications Ltd, 2005.
Dunne, A. Hertzian Tales – Electronic Products Aesthetic Experience and
Critical Design’. London: RCA CRD Research publications, 1999.
Darby, S. “Making it obvious: designing feedback into energy consumption.”
2nd International Conference on Energy Efficiency in Household Appliances and Lighting. Italian Association of Energy Economists/ECSAVE Programme. Naples, Italy. Retrieved January 4 (2000): 2006.
DIY Kyoto. “Wattson.” DIY Kyoto. 2006. http://www.diykyoto.com/ (accessed 2010, 15–11).
Dreyfus, H. L. Being-in-the-World: A Commentary on Heidegger’s Being
and Time, Division I. The MIT Press, 1990.
Edeholt, H. Design, Innovation, och andra Paradoxer. Phd Thesis, Göteborg:
Chalmers tekniska högskola, 2004.
Ehn, P., and M. Kyng. “Cardboard Computers: Mocking-it-up or Hands-on
the future.” In Design at work: cooperative design of computer systems, by
Johan Greenbaum and Morten Kyng, 169–195. Routledge, 1991.
Energimyndigheten. Energiläget 2006. Eskilstuna: Edita Communication
AB, 2006.
Endsley, M. “ Toward a Theory of Situation Awareness in Dynamic Systems.”
Human Factors 37, no. 1 (1995): 32–64.
Endsley, M. “Design and evaluation for situation awareness enhancement.”
Human Factors Society 32nd Anual Meeting. Santa Monica, CA: Human
Factors Society, 1988. 97–101.
Ernevi, A., S. Palm, and J. Redström. “Erratic appliances and energy awareness.” Knowledge, Technology & Policy (Springer) 20, no. 1 (2007): 71–78.

68

Frayling, C. “Research in art and design.” Jan 1993: 5.
Fehrenbacher, K. “Gigaom.” 10 Monitoring Tools Bringing Smart Energy
Home. 14 April 2009. http://gigaom.com/cleantech/10-energy-dashboardsfor-your-home/ (accessed 12 6, 2010).
Fischer, C. “Feedback on household electricity consumption: a tool for saving energy?” Energy Efficiency, Jan 2008.
Fishman, D. The Case for Pragmatic Psychology. New York: New York University Press, 1999.
Flach, J., M. Mulder, and M. van Paassen. “The concept of the situation in
psychology.” In A Cognitive approach to situation awareness: theory and application., edited by S. Banbury and S. Tremblay. Burlington: Ashgate Publishing Company, 2004.
Fogg, B.J. Persuasive Technology, Using Computers to Change What People
Think and Do. San Francisco: Morgan Kaufman Publishers, 2003.
Forty, A. Objects of Desire Design and Society 1750–1980. London: Thames
and Hudson, 1986.
Gaver, W., J. Bowers, A. Boucher, and A. Law. “The history tablecloth: illuminating domestic activity.” Proc. of DIS 2006 (ACM Press), 2006: 199–208.
Gaver, B., T. Dunne, and E. Pacenti. “Design: cultural probes.” interactions,
Jan 1999.
Gibson, J. The ecological approach to visual perception. Boston: Houghton
Mifflen, 1979.
Goodwin, K. Designing for the Digital Age. Indianapolis: Wiley Publishing
Inc., 2009.
Hutchinson, H., et al. “Technology probes: inspiring design for and with
families.” Proceedings of CHI03. New York: ACM Press, 2003. 17–24.
Ilstedt Hjelm, S. “Making sense: Design for well-being.” Phd Thesis, Stockholm, 2004.

69

Sustainable Interactions

Ingram, J., E. Shove, and M. Watson. “Products and Practices: Selected Concepts from Science and Technology Studies and from Social Theories of Consumption and Practice 1.” Design Issues (MIT Press) 23, no. 2 (2007): 3–16.
Jacko, J., and A. Sears. The Human-Computer Interaction Handbook: Fundamentals, Evolving Technologies and Emerging Applications (Human Factors and Ergonomics). Lawrence Erlbaum, 2002.
Kvale, S. Den kvalitativa forskningsintervjun. Lund: Studentlitteratur, 2007.
Katzeff, C., Å. Nyblom, S Tunheden, and C. Torstensson. “User centred
design and evaluation of EnergyCoach – an interactive energy service for
households.” Behaviour and Information Technology. Special issue on “Services and Human-computer Interaction. New opportunities, 2011.
Kopytoff, V., and R. Kim. “Google plans meter to detail home energy use.”
The San Francisco Chronicle, 11 02 2009.
Korosec, K.. “Microsoft’s Hohm Enters Crowded Home-Energy Monitoring Market.” Bnet. 25 June 2009. http://www.bnet.com/blog/clean-energy/microsoft-8217s-hohm-enters-crowded-home-energy-monitoringmarket/504 (accessed 12 6, 2010).
Linde, J. “AWARE Puzzle Switch – En utvärdering av ett designkoncept från
projektet AWARE.” Dec 2008.
Löwgren, J. “Interaction Design.” interaction-design.org. 2008. http://www.
interaction-design.org/encyclopedia/interaction_design.html (accessed 11
17, 2010).
Mazé, R. Static! Designing for energy awareness. Stockholm: Arvinius Förlag, 2010.
Moggridge, B. Designing interactions. MIT Press, 2007.
Neisser, U. Cognition and reality: principles and implications of cognitive
psychology. W. H. Freeman, 1976.
Nelson, H., and E. Stolterman. The Design Way: Intentional Change in an
Unpredictable World : Foundations and Fundamentals of Design Compe70

tence. Educational Technology Pubns, 2002.
Norman, D. “Affordance, conventions, and design.” Interactions (ACM) 6,
no. 3 (1999): 38–43. The Design of Everyday Things. Doubleday Business,
1990.
Preda, A. “The Turn to Things: Arguments for a Sociological Theory of
Things.” Sociological Quarterly, no. 40 (1999).
Raizman, D., and L. Pu King. History of modern design. London: Prentice
Hall, 2003.
Rakowitz, M. “paraSITE.” Michael Rakowitz. 1998. http://michaelrakowitz.
com/projects/parasite/ (accessed 11 17, 2010).
Redström, J. “Towards user design? On the shift from object to user as the
subject of design.” Design Studies (Elsevier) 27, no. 2 (2006): 123–139.
Routarinne, S., and J. Redström. “Domestication as Design Intervention.”
Proceedings of the 2nd Nordic Design Research Conference, Nordes 2007,
Jan 2007.
Schön, D. The reflective practitioner: how professionals think in action. New
York: Basic Books, 1983.
Silverstone, R., and Haddon, L., “Design and the Domestication of Information and Communication Technologies: Technical Change and Everyday
Life. Communication by Design: the Politics of Information and Communication Technologies.” Oxford University Press, Jan 1996.
Simon, H. The Sciences of the Artificial. Cambridge, MA: MIT Press, 1969.
Steg, L. “Motives and behaviour in social dilemmas relevant to the environment.” In Human Decision Making and Environmental Perception. Understanding and Assisting Human Decision Making in Real-Life Settings,, edited by L. Hendrickx, Jager W. and L. Steg, 83-102. Groningen: University of
Groningen, 2003.
Stolterman, E. “Designtänkande.” In Under Ytan – en antologi om designforskning, edited by S Ilstedt Hjelm, 12–19. Stockholm: Raster förlag, 2007.

71

Sustainable Interactions

Suchman, L. Plans and situated actions; the problem of human machine
communication. Cambridge: Cambridge University Press, 1987.
Tharp, B. M., and S. M. Tharp. The 4 Fields of Industrial Design: (No, not
furniture, trans, consumer elctronics, & toys). 2009, 5 January. http://www.
core77.com/blog/featured_items/the_4_fields_of_industrial_design_no_
not_furniture_trans_consumer_electronics_toys_by_bruce_m_tharp_and_
stephanie_m_tharp__12232.asp (accessed 2010, 15 November).
Verbeek, PP. What Things Do. Philosophical Reflections on Technology,
Agency, and Design. Pennsylvania State University Press, 2005.
Verbeek, PP., and P. Kockelkoren. “The things that matter.” Design Issues
(MIT Press), 1998: 28–42.
Winner, L. “Do Artifacts have Politics?” In The whale and the reactor: a
search for limits in an age of high technology, by L. Winner, 19–39. Chicago:
University of Chicago Press, 1986.
von Busch, O. “Fashion-able. Hacktivism and engaged fashion design.” PhD
Thesis, Gothenburg, 2008.
Zimmerman, J., J. Forlizzi, and S. Evenson. “Research through design as a
method for interaction design research in HCI.” Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems, New York: ACM, Jan
2007: 493-502.

72

73

Sustainable Interactions

74

Sustainable Interactions

List of figures
Figure i-iv: Images taken by the
author, Interactive Institute. (p.
i-vii)
Figure v: Image taken from
Wikimedia Commons.
http://en.wikipedia.org/wiki/
File:Mechanical_electricity_meter_1965_(1).jpg. (p. viii)
Figure vi: Word cloud generated
by the autor using Wordle. http://
www.wordle.net (p. xii)
Figure 1: Illustration made by the
author. (p. 12)
Figure 2: Photo by Lars Kristian
Flem, Flickr: larskflem (p. 18)
Figure 3: Image courtesy of DIY
Kyoto (p. 20)
Figure 4: Left photo by Carl
Dahlstedt, Interactive Institute.
Right photo by Magnus Gyllenswärd, Interactive Institute. (p.
21)
Figure 5: Images courtesy of Scott
Amron. (p. 23)
Figure 6: Images by Michael Rakowitz. http://michaelrakowitz.
com (p.23)
Figure 7: Illustration made by

140

the author inspired by figure 1 in
Zimmerman, J., J. Forlizzi, and S.
Evenson. “Research through design as a method for interaction
design research in HCI.” Proceedings of the SIGCHI Conference
on Human Factors in Computing
Systems, New York: ACM, Jan
2007: 493-502.
Figure 8: Illustration made by the
author (p. 30-31)
Figure 9: Illustrations made by
the author (p. 39)
Figure 10: Photo by Karin Ehrnberger, Interactive Institute (p. 40)
Figure 11: Original drawings
made by Pau Francia. Refiend by
the authour.(p. 41)
Figure 12: Illustration made by
Jonathan Maltz and the author.
(p. 42)
Figure 13: Rendering taken from
“An Introduction to Lindenmayer
Systems”. http://www.biologie.
uni-hamburg.de/b-online/e28_3/
lsys.html. (p. 43)
Figure 14: Picture taken by the
author. Post-processing by Olle
Dierks, Interactive Institute. (p.

45)
Figure 15: Picture and post-processing by Olle Dierks, Interactive Institute. (p. 46-47)
Figure 16: Picture by Olle
Dierks, Interactive Institute. (p.
48-49)

Paper 1, figure 1: Left, photo by
Magnus Gyllenswärd, Interactive Institute. Right, photo by the
author. (p. 79)
Paper 1, figure 2: Pictures by the
author and Jonathan Maltz, Interactive Institute. (p. 85)

Figure 17: Picture by Olle
Dierks, Interactive Institute. (p
50-51)

Paper 1, figure 3: Left, photo by
Karin Ehrnberger, Interactive Institute. Right, photo by the author,
Interactive Institute. (p. 87)

Figure 18: Picture and post-processing by Olle Dierks, Interactive Institute. (p. 52-53)

Paper 2, figure 1: Photo by Erika
Lundell, Interactive Institute (p.
100)

Figure 19: Picture by the author,
Interactive Institute. (p. 54)

Paper 2, figure 2: Part of original
photo by Per-Erik Adamsson. (p.
103)

Figure 20: Picture and post-processing by Olle Dierks, Interactive Institute. (p 55.)
Figure 21: Picture and post-processing by author and Jonathan
Maltz, Interactive Institute. (p.
56)

Paper 3, figure 1: Photo by
Magnus Gyllenswärd, Interactive
Institute (p. 115)
Paper 3, figure 2: Photos by Erika
Lundell, Interactive Institute (p.
120)

Figure 22: Picture by Jonathan
Maltz. Post-processing by author
and Jonathan Maltz, Interactive
Institute. (p. 57)

Paper 3, figure 3a & b: Left, photo
by the author, Interactive Institute.
Right, Erika Lundell, Interactive
Institute. (p. 121)

Figure 23: Picutre and post-processing by the author, Interactive
Institute. (p. 58)

Paper 3, figure 4: Photo and postprocessing by Olle Dierks, Interactive Institute. (p. 123)

141

Sustainable Interactions

Paper 3, figure 5: Photos by
Anette Andersson. (p. 129)
Paper 3, figure 6: Illustration
made by the author, Interactive
Institute. (p. 130-131)

Paper 3, figure 7: Photo and postprocessing by the author, Interactive Institute.

The author has made every reasonable attempt to contact owners of copyright.

142

Department of Computer and Information Science
Linköpings universitet
Licentiate Theses
Linköpings Studies in Science and Technology
Faculty of Arts and Sciences
No 17
No 28
No 29
No 48
No 52
No 60
No 71
No 72
No 73
No 74
No 104
No 108
No 111
No 113
No 118
No 126
No 127
No 139
No 140
No 146
No 150
No 165
No 166
No 174
No 177
No 181
No 184
No 187
No 189
No 196
No 197
No 203
No 212
No 230
No 237
No 250
No 253
No 260
No 283
No 298
No 318
No 319
No 326
No 328
No 333
No 335
No 348
No 352
No 371
No 378

Vojin Plavsic: Interleaved Processing of Non-Numerical Data Stored on a Cyclic Memory. (Available at: FOA,
Box 1165, S-581 11 Linköping, Sweden. FOA Report B30062E)
Arne Jönsson, Mikael Patel: An Interactive Flowcharting Technique for Communicating and Realizing Algorithms, 1984.
Johnny Eckerland: Retargeting of an Incremental Code Generator, 1984.
Henrik Nordin: On the Use of Typical Cases for Knowledge-Based Consultation and Teaching, 1985.
Zebo Peng: Steps Towards the Formalization of Designing VLSI Systems, 1985.
Johan Fagerström: Simulation and Evaluation of Architecture based on Asynchronous Processes, 1985.
Jalal Maleki: ICONStraint, A Dependency Directed Constraint Maintenance System, 1987.
Tony Larsson: On the Specification and Verification of VLSI Systems, 1986.
Ola Strömfors: A Structure Editor for Documents and Programs, 1986.
Christos Levcopoulos: New Results about the Approximation Behavior of the Greedy Triangulation, 1986.
Shamsul I. Chowdhury: Statistical Expert Systems - a Special Application Area for Knowledge-Based Computer
Methodology, 1987.
Rober Bilos: Incremental Scanning and Token-Based Editing, 1987.
Hans Block: SPORT-SORT Sorting Algorithms and Sport Tournaments, 1987.
Ralph Rönnquist: Network and Lattice Based Approaches to the Representation of Knowledge, 1987.
Mariam Kamkar, Nahid Shahmehri: Affect-Chaining in Program Flow Analysis Applied to Queries of Programs, 1987.
Dan Strömberg: Transfer and Distribution of Application Programs, 1987.
Kristian Sandahl: Case Studies in Knowledge Acquisition, Migration and User Acceptance of Expert Systems,
1987.
Christer Bäckström: Reasoning about Interdependent Actions, 1988.
Mats Wirén: On Control Strategies and Incrementality in Unification-Based Chart Parsing, 1988.
Johan Hultman: A Software System for Defining and Controlling Actions in a Mechanical System, 1988.
Tim Hansen: Diagnosing Faults using Knowledge about Malfunctioning Behavior, 1988.
Jonas Löwgren: Supporting Design and Management of Expert System User Interfaces, 1989.
Ola Petersson: On Adaptive Sorting in Sequential and Parallel Models, 1989.
Yngve Larsson: Dynamic Configuration in a Distributed Environment, 1989.
Peter Åberg: Design of a Multiple View Presentation and Interaction Manager, 1989.
Henrik Eriksson: A Study in Domain-Oriented Tool Support for Knowledge Acquisition, 1989.
Ivan Rankin: The Deep Generation of Text in Expert Critiquing Systems, 1989.
Simin Nadjm-Tehrani: Contributions to the Declarative Approach to Debugging Prolog Programs, 1989.
Magnus Merkel: Temporal Information in Natural Language, 1989.
Ulf Nilsson: A Systematic Approach to Abstract Interpretation of Logic Programs, 1989.
Staffan Bonnier: Horn Clause Logic with External Procedures: Towards a Theoretical Framework, 1989.
Christer Hansson: A Prototype System for Logical Reasoning about Time and Action, 1990.
Björn Fjellborg: An Approach to Extraction of Pipeline Structures for VLSI High-Level Synthesis, 1990.
Patrick Doherty: A Three-Valued Approach to Non-Monotonic Reasoning, 1990.
Tomas Sokolnicki: Coaching Partial Plans: An Approach to Knowledge-Based Tutoring, 1990.
Lars Strömberg: Postmortem Debugging of Distributed Systems, 1990.
Torbjörn Näslund: SLDFA-Resolution - Computing Answers for Negative Queries, 1990.
Peter D. Holmes: Using Connectivity Graphs to Support Map-Related Reasoning, 1991.
Olof Johansson: Improving Implementation of Graphical User Interfaces for Object-Oriented Knowledge- Bases,
1991.
Rolf G Larsson: Aktivitetsbaserad kalkylering i ett nytt ekonomisystem, 1991.
Lena Srömbäck: Studies in Extended Unification-Based Formalism for Linguistic Description: An Algorithm for
Feature Structures with Disjunction and a Proposal for Flexible Systems, 1992.
Mikael Pettersson: DML-A Language and System for the Generation of Efficient Compilers from Denotational
Specification, 1992.
Andreas Kågedal: Logic Programming with External Procedures: an Implementation, 1992.
Patrick Lambrix: Aspects of Version Management of Composite Objects, 1992.
Xinli Gu: Testability Analysis and Improvement in High-Level Synthesis Systems, 1992.
Torbjörn Näslund: On the Role of Evaluations in Iterative Development of Managerial Support Systems, 1992.
Ulf Cederling: Industrial Software Development - a Case Study, 1992.
Magnus Morin: Predictable Cyclic Computations in Autonomous Systems: A Computational Model and Implementation, 1992.
Mehran Noghabai: Evaluation of Strategic Investments in Information Technology, 1993.
Mats Larsson: A Transformational Approach to Formal Digital System Design, 1993.

No 380
No 381
No 383
No 386
No 398
No 402
No 406
No 414
No 417
No 436
No 437
No 440
FHS 3/94
FHS 4/94
No 441
No 446
No 450
No 451
No 452
No 455
FHS 5/94
No 462
No 463
No 464
No 469
No 473
No 475
No 476
No 478
FHS 7/95
No 482
No 488
No 489
No 497
No 498
No 503
FHS 8/95
FHS 9/95
No 513
No 517
No 518
No 522
No 538
No 545
No 546
FiF-a 1/96
No 549
No 550
No 557
No 558
No 561
No 563

Johan Ringström: Compiler Generation for Parallel Languages from Denotational Specifications, 1993.
Michael Jansson: Propagation of Change in an Intelligent Information System, 1993.
Jonni Harrius: An Architecture and a Knowledge Representation Model for Expert Critiquing Systems, 1993.
Per Österling: Symbolic Modelling of the Dynamic Environments of Autonomous Agents, 1993.
Johan Boye: Dependency-based Groudness Analysis of Functional Logic Programs, 1993.
Lars Degerstedt: Tabulated Resolution for Well Founded Semantics, 1993.
Anna Moberg: Satellitkontor - en studie av kommunikationsmönster vid arbete på distans, 1993.
Peter Carlsson: Separation av företagsledning och finansiering - fallstudier av företagsledarutköp ur ett agentteoretiskt perspektiv, 1994.
Camilla Sjöström: Revision och lagreglering - ett historiskt perspektiv, 1994.
Cecilia Sjöberg: Voices in Design: Argumentation in Participatory Development, 1994.
Lars Viklund: Contributions to a High-level Programming Environment for a Scientific Computing, 1994.
Peter Loborg: Error Recovery Support in Manufacturing Control Systems, 1994.
Owen Eriksson: Informationssystem med verksamhetskvalitet - utvärdering baserat på ett verksamhetsinriktat och
samskapande perspektiv, 1994.
Karin Pettersson: Informationssystemstrukturering, ansvarsfördelning och användarinflytande - En komparativ
studie med utgångspunkt i två informationssystemstrategier, 1994.
Lars Poignant: Informationsteknologi och företagsetablering - Effekter på produktivitet och region, 1994.
Gustav Fahl: Object Views of Relational Data in Multidatabase Systems, 1994.
Henrik Nilsson: A Declarative Approach to Debugging for Lazy Functional Languages, 1994.
Jonas Lind: Creditor - Firm Relations: an Interdisciplinary Analysis, 1994.
Martin Sköld: Active Rules based on Object Relational Queries - Efficient Change Monitoring Techniques, 1994.
Pär Carlshamre: A Collaborative Approach to Usability Engineering: Technical Communicators and System
Developers in Usability-Oriented Systems Development, 1994.
Stefan Cronholm: Varför CASE-verktyg i systemutveckling? - En motiv- och konsekvensstudie avseende
arbetssätt och arbetsformer, 1994.
Mikael Lindvall: A Study of Traceability in Object-Oriented Systems Development, 1994.
Fredrik Nilsson: Strategi och ekonomisk styrning - En studie av Sandviks förvärv av Bahco Verktyg, 1994.
Hans Olsén: Collage Induction: Proving Properties of Logic Programs by Program Synthesis, 1994.
Lars Karlsson: Specification and Synthesis of Plans Using the Features and Fluents Framework, 1995.
Ulf Söderman: On Conceptual Modelling of Mode Switching Systems, 1995.
Choong-ho Yi: Reasoning about Concurrent Actions in the Trajectory Semantics, 1995.
Bo Lagerström: Successiv resultatavräkning av pågående arbeten. - Fallstudier i tre byggföretag, 1995.
Peter Jonsson: Complexity of State-Variable Planning under Structural Restrictions, 1995.
Anders Avdic: Arbetsintegrerad systemutveckling med kalkylprogram, 1995.
Eva L Ragnemalm: Towards Student Modelling through Collaborative Dialogue with a Learning Companion,
1995.
Eva Toller: Contributions to Parallel Multiparadigm Languages: Combining Object-Oriented and Rule-Based
Programming, 1995.
Erik Stoy: A Petri Net Based Unified Representation for Hardware/Software Co-Design, 1995.
Johan Herber: Environment Support for Building Structured Mathematical Models, 1995.
Stefan Svenberg: Structure-Driven Derivation of Inter-Lingual Functor-Argument Trees for Multi-Lingual
Generation, 1995.
Hee-Cheol Kim: Prediction and Postdiction under Uncertainty, 1995.
Dan Fristedt: Metoder i användning - mot förbättring av systemutveckling genom situationell metodkunskap och
metodanalys, 1995.
Malin Bergvall: Systemförvaltning i praktiken - en kvalitativ studie avseende centrala begrepp, aktiviteter och
ansvarsroller, 1995.
Joachim Karlsson: Towards a Strategy for Software Requirements Selection, 1995.
Jakob Axelsson: Schedulability-Driven Partitioning of Heterogeneous Real-Time Systems, 1995.
Göran Forslund: Toward Cooperative Advice-Giving Systems: The Expert Systems Experience, 1995.
Jörgen Andersson: Bilder av småföretagares ekonomistyrning, 1995.
Staffan Flodin: Efficient Management of Object-Oriented Queries with Late Binding, 1996.
Vadim Engelson: An Approach to Automatic Construction of Graphical User Interfaces for Applications in
Scientific Computing, 1996.
Magnus Werner : Multidatabase Integration using Polymorphic Queries and Views, 1996.
Mikael Lind: Affärsprocessinriktad förändringsanalys - utveckling och tillämpning av synsätt och metod, 1996.
Jonas Hallberg: High-Level Synthesis under Local Timing Constraints, 1996.
Kristina Larsen: Förutsättningar och begränsningar för arbete på distans - erfarenheter från fyra svenska företag.
1996.
Mikael Johansson: Quality Functions for Requirements Engineering Methods, 1996.
Patrik Nordling: The Simulation of Rolling Bearing Dynamics on Parallel Computers, 1996.
Anders Ekman: Exploration of Polygonal Environments, 1996.
Niclas Andersson: Compilation of Mathematical Models to Parallel Code, 1996.

No 567
No 575
No 576
No 587
No 589
No 591
No 595
No 597
No 598
No 599
No 607
No 609
FiF-a 4
FiF-a 6
No 615
No 623
No 626
No 627
No 629
No 631
No 639
No 640
No 643
No 653
FiF-a 13
No 674
No 676
No 668
No 675
FiF-a 14
No 695
No 700
FiF-a 16
No 712
No 719
No 723
No 725
No 730
No 731
No 733
No 734
FiF-a 21
FiF-a 22
No 737
No 738
FiF-a 25
No 742
No 748
No 751
No 752
No 753

Johan Jenvald: Simulation and Data Collection in Battle Training, 1996.
Niclas Ohlsson: Software Quality Engineering by Early Identification of Fault-Prone Modules, 1996.
Mikael Ericsson: Commenting Systems as Design Support—A Wizard-of-Oz Study, 1996.
Jörgen Lindström: Chefers användning av kommunikationsteknik, 1996.
Esa Falkenroth: Data Management in Control Applications - A Proposal Based on Active Database Systems,
1996.
Niclas Wahllöf: A Default Extension to Description Logics and its Applications, 1996.
Annika Larsson: Ekonomisk Styrning och Organisatorisk Passion - ett interaktivt perspektiv, 1997.
Ling Lin: A Value-based Indexing Technique for Time Sequences, 1997.
Rego Granlund: C3Fire - A Microworld Supporting Emergency Management Training, 1997.
Peter Ingels: A Robust Text Processing Technique Applied to Lexical Error Recovery, 1997.
Per-Arne Persson: Toward a Grounded Theory for Support of Command and Control in Military Coalitions, 1997.
Jonas S Karlsson: A Scalable Data Structure for a Parallel Data Server, 1997.
Carita Åbom: Videomötesteknik i olika affärssituationer - möjligheter och hinder, 1997.
Tommy Wedlund: Att skapa en företagsanpassad systemutvecklingsmodell - genom rekonstruktion, värdering och
vidareutveckling i T50-bolag inom ABB, 1997.
Silvia Coradeschi: A Decision-Mechanism for Reactive and Coordinated Agents, 1997.
Jan Ollinen: Det flexibla kontorets utveckling på Digital - Ett stöd för multiflex? 1997.
David Byers: Towards Estimating Software Testability Using Static Analysis, 1997.
Fredrik Eklund: Declarative Error Diagnosis of GAPLog Programs, 1997.
Gunilla Ivefors: Krigsspel och Informationsteknik inför en oförutsägbar framtid, 1997.
Jens-Olof Lindh: Analysing Traffic Safety from a Case-Based Reasoning Perspective, 1997
Jukka Mäki-Turja:. Smalltalk - a suitable Real-Time Language, 1997.
Juha Takkinen: CAFE: Towards a Conceptual Model for Information Management in Electronic Mail, 1997.
Man Lin: Formal Analysis of Reactive Rule-based Programs, 1997.
Mats Gustafsson: Bringing Role-Based Access Control to Distributed Systems, 1997.
Boris Karlsson: Metodanalys för förståelse och utveckling av systemutvecklingsverksamhet. Analys och värdering
av systemutvecklingsmodeller och dess användning, 1997.
Marcus Bjäreland: Two Aspects of Automating Logics of Action and Change - Regression and Tractability,
1998.
Jan Håkegård: Hierarchical Test Architecture and Board-Level Test Controller Synthesis, 1998.
Per-Ove Zetterlund: Normering av svensk redovisning - En studie av tillkomsten av Redovisningsrådets rekommendation om koncernredovisning (RR01:91), 1998.
Jimmy Tjäder: Projektledaren & planen - en studie av projektledning i tre installations- och systemutvecklingsprojekt, 1998.
Ulf Melin: Informationssystem vid ökad affärs- och processorientering - egenskaper, strategier och utveckling,
1998.
Tim Heyer: COMPASS: Introduction of Formal Methods in Code Development and Inspection, 1998.
Patrik Hägglund: Programming Languages for Computer Algebra, 1998.
Marie-Therese Christiansson: Inter-organisatorisk verksamhetsutveckling - metoder som stöd vid utveckling av
partnerskap och informationssystem, 1998.
Christina Wennestam: Information om immateriella resurser. Investeringar i forskning och utveckling samt i
personal inom skogsindustrin, 1998.
Joakim Gustafsson: Extending Temporal Action Logic for Ramification and Concurrency, 1998.
Henrik André-Jönsson: Indexing time-series data using text indexing methods, 1999.
Erik Larsson: High-Level Testability Analysis and Enhancement Techniques, 1998.
Carl-Johan Westin: Informationsförsörjning: en fråga om ansvar - aktiviteter och uppdrag i fem stora svenska
organisationers operativa informationsförsörjning, 1998.
Åse Jansson: Miljöhänsyn - en del i företags styrning, 1998.
Thomas Padron-McCarthy: Performance-Polymorphic Declarative Queries, 1998.
Anders Bäckström: Värdeskapande kreditgivning - Kreditriskhantering ur ett agentteoretiskt perspektiv, 1998.
Ulf Seigerroth: Integration av förändringsmetoder - en modell för välgrundad metodintegration, 1999.
Fredrik Öberg: Object-Oriented Frameworks - A New Strategy for Case Tool Development, 1998.
Jonas Mellin: Predictable Event Monitoring, 1998.
Joakim Eriksson: Specifying and Managing Rules in an Active Real-Time Database System, 1998.
Bengt E W Andersson: Samverkande informationssystem mellan aktörer i offentliga åtaganden - En teori om
aktörsarenor i samverkan om utbyte av information, 1998.
Pawel Pietrzak: Static Incorrectness Diagnosis of CLP (FD), 1999.
Tobias Ritzau: Real-Time Reference Counting in RT-Java, 1999.
Anders Ferntoft: Elektronisk affärskommunikation - kontaktkostnader och kontaktprocesser mellan kunder och
leverantörer på producentmarknader, 1999.
Jo Skåmedal: Arbete på distans och arbetsformens påverkan på resor och resmönster, 1999.
Johan Alvehus: Mötets metaforer. En studie av berättelser om möten, 1999.

No 754
No 766
No 769
No 775
FiF-a 30
No 787
No 788
No 790
No 791
No 800
No 807
No 809
FiF-a 32
No 808
No 820
No 823
No 832
FiF-a 34
No 842
No 844
FiF-a 37
FiF-a 40
FiF-a 41
No. 854
No 863
No 881
No 882
No 890
FiF-a 47
No 894
No 906
No 917
No 916
FiF-a-49
FiF-a-51
No 919
No 915
No 931
No 933
No 938
No 942
No 956
FiF-a 58
No 964
No 973
No 958
FiF-a 61
No 985
No 982
No 989
No 990
No 991

Magnus Lindahl: Bankens villkor i låneavtal vid kreditgivning till högt belånade företagsförvärv: En studie ur ett
agentteoretiskt perspektiv, 2000.
Martin V. Howard: Designing dynamic visualizations of temporal data, 1999.
Jesper Andersson: Towards Reactive Software Architectures, 1999.
Anders Henriksson: Unique kernel diagnosis, 1999.
Pär J. Ågerfalk: Pragmatization of Information Systems - A Theoretical and Methodological Outline, 1999.
Charlotte Björkegren: Learning for the next project - Bearers and barriers in knowledge transfer within an
organisation, 1999.
Håkan Nilsson: Informationsteknik som drivkraft i granskningsprocessen - En studie av fyra revisionsbyråer,
2000.
Erik Berglund: Use-Oriented Documentation in Software Development, 1999.
Klas Gäre: Verksamhetsförändringar i samband med IS-införande, 1999.
Anders Subotic: Software Quality Inspection, 1999.
Svein Bergum: Managerial communication in telework, 2000.
Flavius Gruian: Energy-Aware Design of Digital Systems, 2000.
Karin Hedström: Kunskapsanvändning och kunskapsutveckling hos verksamhetskonsulter - Erfarenheter från ett
FOU-samarbete, 2000.
Linda Askenäs: Affärssystemet - En studie om teknikens aktiva och passiva roll i en organisation, 2000.
Jean Paul Meynard: Control of industrial robots through high-level task programming, 2000.
Lars Hult: Publika Gränsytor - ett designexempel, 2000.
Paul Pop: Scheduling and Communication Synthesis for Distributed Real-Time Systems, 2000.
Göran Hultgren: Nätverksinriktad Förändringsanalys - perspektiv och metoder som stöd för förståelse och
utveckling av affärsrelationer och informationssystem, 2000.
Magnus Kald: The role of management control systems in strategic business units, 2000.
Mikael Cäker: Vad kostar kunden? Modeller för intern redovisning, 2000.
Ewa Braf: Organisationers kunskapsverksamheter - en kritisk studie av ”knowledge management”, 2000.
Henrik Lindberg: Webbaserade affärsprocesser - Möjligheter och begränsningar, 2000.
Benneth Christiansson: Att komponentbasera informationssystem - Vad säger teori och praktik?, 2000.
Ola Pettersson: Deliberation in a Mobile Robot, 2000.
Dan Lawesson: Towards Behavioral Model Fault Isolation for Object Oriented Control Systems, 2000.
Johan Moe: Execution Tracing of Large Distributed Systems, 2001.
Yuxiao Zhao: XML-based Frameworks for Internet Commerce and an Implementation of B2B
e-procurement,
2001.
Annika Flycht-Eriksson: Domain Knowledge Management in Information-providing Dialogue systems, 2001.
Per-Arne Segerkvist: Webbaserade imaginära organisationers samverkansformer: Informationssystemarkitektur
och aktörssamverkan som förutsättningar för affärsprocesser, 2001.
Stefan Svarén: Styrning av investeringar i divisionaliserade företag - Ett koncernperspektiv, 2001.
Lin Han: Secure and Scalable E-Service Software Delivery, 2001.
Emma Hansson: Optionsprogram för anställda - en studie av svenska börsföretag, 2001.
Susanne Odar: IT som stöd för strategiska beslut, en studie av datorimplementerade modeller av verksamhet som
stöd för beslut om anskaffning av JAS 1982, 2002.
Stefan Holgersson: IT-system och filtrering av verksamhetskunskap - kvalitetsproblem vid analyser och beslutsfattande som bygger på uppgifter hämtade från polisens IT-system, 2001.
Per Oscarsson: Informationssäkerhet i verksamheter - begrepp och modeller som stöd för förståelse av informationssäkerhet och dess hantering, 2001.
Luis Alejandro Cortes: A Petri Net Based Modeling and Verification Technique for Real-Time Embedded
Systems, 2001.
Niklas Sandell: Redovisning i skuggan av en bankkris - Värdering av fastigheter. 2001.
Fredrik Elg: Ett dynamiskt perspektiv på individuella skillnader av heuristisk kompetens, intelligens, mentala
modeller, mål och konfidens i kontroll av mikrovärlden Moro, 2002.
Peter Aronsson: Automatic Parallelization of Simulation Code from Equation Based Simulation Languages, 2002.
Bourhane Kadmiry: Fuzzy Control of Unmanned Helicopter, 2002.
Patrik Haslum: Prediction as a Knowledge Representation Problem: A Case Study in Model Design, 2002.
Robert Sevenius: On the instruments of governance - A law & economics study of capital instruments in limited
liability companies, 2002.
Johan Petersson: Lokala elektroniska marknadsplatser - informationssystem för platsbundna affärer, 2002.
Peter Bunus: Debugging and Structural Analysis of Declarative Equation-Based Languages, 2002.
Gert Jervan: High-Level Test Generation and Built-In Self-Test Techniques for Digital Systems, 2002.
Fredrika Berglund: Management Control and Strategy - a Case Study of Pharmaceutical Drug Development,
2002.
Fredrik Karlsson: Meta-Method for Method Configuration - A Rational Unified Process Case, 2002.
Sorin Manolache: Schedulability Analysis of Real-Time Systems with Stochastic Task Execution Times, 2002.
Diana Szentiványi: Performance and Availability Trade-offs in Fault-Tolerant Middleware, 2002.
Iakov Nakhimovski: Modeling and Simulation of Contacting Flexible Bodies in Multibody Systems, 2002.
Levon Saldamli: PDEModelica - Towards a High-Level Language for Modeling with Partial Differential
Equations, 2002.
Almut Herzog: Secure Execution Environment for Java Electronic Services, 2002.

No 999
No 1000
No 1001
No 988
FiF-a 62
No 1003
No 1005
No 1008
No 1010
No 1015
No 1018
No 1022
FiF-a 65
No 1024
No 1034
No 1033
FiF-a 69
No 1049
No 1052
No 1054
FiF-a 71
No 1055
No 1058
FiF-a 73
No 1079
No 1084
FiF-a 74
No 1094
No 1095
No 1099
No 1110
No 1116
FiF-a 77
No 1126
No 1127
No 1132
No 1130
No 1138
No 1149
No 1156
No 1162
No 1165
FiF-a 84
No 1166
No 1167
No 1168
FiF-a 85
No 1171
FiF-a 86
No 1172
No 1183
No 1184
No 1185
No 1190

Jon Edvardsson: Contributions to Program- and Specification-based Test Data Generation, 2002.
Anders Arpteg: Adaptive Semi-structured Information Extraction, 2002.
Andrzej Bednarski: A Dynamic Programming Approach to Optimal Retargetable Code Generation for Irregular
Architectures, 2002.
Mattias Arvola: Good to use! : Use quality of multi-user applications in the home, 2003.
Lennart Ljung: Utveckling av en projektivitetsmodell - om organisationers förmåga att tillämpa
projektarbetsformen, 2003.
Pernilla Qvarfordt: User experience of spoken feedback in multimodal interaction, 2003.
Alexander Siemers: Visualization of Dynamic Multibody Simulation With Special Reference to Contacts, 2003.
Jens Gustavsson: Towards Unanticipated Runtime Software Evolution, 2003.
Calin Curescu: Adaptive QoS-aware Resource Allocation for Wireless Networks, 2003.
Anna Andersson: Management Information Systems in Process-oriented Healthcare Organisations, 2003.
Björn Johansson: Feedforward Control in Dynamic Situations, 2003.
Traian Pop: Scheduling and Optimisation of Heterogeneous Time/Event-Triggered Distributed Embedded
Systems, 2003.
Britt-Marie Johansson: Kundkommunikation på distans - en studie om kommunikationsmediets betydelse i
affärstransaktioner, 2003.
Aleksandra Tešanovic: Towards Aspectual Component-Based Real-Time System Development, 2003.
Arja Vainio-Larsson: Designing for Use in a Future Context - Five Case Studies in Retrospect, 2003.
Peter Nilsson: Svenska bankers redovisningsval vid reservering för befarade kreditförluster - En studie vid
införandet av nya redovisningsregler, 2003.
Fredrik Ericsson: Information Technology for Learning and Acquiring of Work Knowledge, 2003.
Marcus Comstedt: Towards Fine-Grained Binary Composition through Link Time Weaving, 2003.
Åsa Hedenskog: Increasing the Automation of Radio Network Control, 2003.
Claudiu Duma: Security and Efficiency Tradeoffs in Multicast Group Key Management, 2003.
Emma Eliason: Effektanalys av IT-systems handlingsutrymme, 2003.
Carl Cederberg: Experiments in Indirect Fault Injection with Open Source and Industrial Software, 2003.
Daniel Karlsson: Towards Formal Verification in a Component-based Reuse Methodology, 2003.
Anders Hjalmarsson: Att etablera och vidmakthålla förbättringsverksamhet - behovet av koordination och
interaktion vid förändring av systemutvecklingsverksamheter, 2004.
Pontus Johansson: Design and Development of Recommender Dialogue Systems, 2004.
Charlotte Stoltz: Calling for Call Centres - A Study of Call Centre Locations in a Swedish Rural Region, 2004.
Björn Johansson: Deciding on Using Application Service Provision in SMEs, 2004.
Genevieve Gorrell: Language Modelling and Error Handling in Spoken Dialogue Systems, 2004.
Ulf Johansson: Rule Extraction - the Key to Accurate and Comprehensible Data Mining Models, 2004.
Sonia Sangari: Computational Models of Some Communicative Head Movements, 2004.
Hans Nässla: Intra-Family Information Flow and Prospects for Communication Systems, 2004.
Henrik Sällberg: On the value of customer loyalty programs - A study of point programs and switching costs,
2004.
Ulf Larsson: Designarbete i dialog - karaktärisering av interaktionen mellan användare och utvecklare i en
systemutvecklingsprocess, 2004.
Andreas Borg: Contribution to Management and Validation of Non-Functional Requirements, 2004.
Per-Ola Kristensson: Large Vocabulary Shorthand Writing on Stylus Keyboard, 2004.

Pär-Anders Albinsson: Interacting with Command and Control Systems: Tools for Operators and Designers,
2004.
Ioan Chisalita: Safety-Oriented Communication in Mobile Networks for Vehicles, 2004.
Thomas Gustafsson: Maintaining Data Consistency in Embedded Databases for Vehicular Systems, 2004.
Vaida Jakoniené: A Study in Integrating Multiple Biological Data Sources, 2005.
Abdil Rashid Mohamed: High-Level Techniques for Built-In Self-Test Resources Optimization, 2005.
Adrian Pop: Contributions to Meta-Modeling Tools and Methods, 2005.
Fidel Vascós Palacios: On the information exchange between physicians and social insurance officers in the sick
leave process: an Activity Theoretical perspective, 2005.
Jenny Lagsten: Verksamhetsutvecklande utvärdering i informationssystemprojekt, 2005.
Emma Larsdotter Nilsson: Modeling, Simulation, and Visualization of Metabolic Pathways Using Modelica,
2005.
Christina Keller: Virtual Learning Environments in higher education. A study of students’ acceptance of educational technology, 2005.
Cécile Åberg: Integration of organizational workflows and the Semantic Web, 2005.
Anders Forsman: Standardisering som grund för informationssamverkan och IT-tjänster - En fallstudie baserad på
trafikinformationstjänsten RDS-TMC, 2005.
Yu-Hsing Huang: A systemic traffic accident model, 2005.
Jan Olausson: Att modellera uppdrag - grunder för förståelse av processinriktade informationssystem i
transaktionsintensiva verksamheter, 2005.
Petter Ahlström: Affärsstrategier för seniorbostadsmarknaden, 2005.
Mathias Cöster: Beyond IT and Productivity - How Digitization Transformed the Graphic Industry, 2005.
Åsa Horzella: Beyond IT and Productivity - Effects of Digitized Information Flows in Grocery Distribution, 2005.
Maria Kollberg: Beyond IT and Productivity - Effects of Digitized Information Flows in the Logging Industry,
2005.
David Dinka: Role and Identity - Experience of technology in professional settings, 2005.

No 1191
No 1192
No 1194
No 1204
No 1206
No 1207
No 1209
No 1225
No 1228
No 1229
No 1231
No 1233
No 1244
No 1248
No 1263
FiF-a 90
No 1272
No 1277
No 1283
FiF-a 91
No 1286
No 1293
No 1302
No 1303
No 1305
No 1306
No 1307
No 1309
No 1312
No 1313
No 1317
No 1320
No 1323
No 1329
No 1331
No 1332
No 1333
No 1337
No 1339
No 1351
No 1353
No 1356
No 1359
No 1361
No 1363
No 1371
No 1373
No 1381
No 1386
No 1387
No 1392
No 1393
No 1401
No 1410
No 1421
No 1427
No 1450
No 1459
No 1466

Andreas Hansson: Increasing the Storage Capacity of Recursive Auto-associative Memory by Segmenting Data,
2005.
Nicklas Bergfeldt: Towards Detached Communication for Robot Cooperation, 2005.
Dennis Maciuszek: Towards Dependable Virtual Companions for Later Life, 2005.
Beatrice Alenljung: Decision-making in the Requirements Engineering Process: A Human-centered Approach,
2005.
Anders Larsson: System-on-Chip Test Scheduling and Test Infrastructure Design, 2005.
John Wilander: Policy and Implementation Assurance for Software Security, 2005.
Andreas Käll: Översättningar av en managementmodell - En studie av införandet av Balanced Scorecard i ett
landsting, 2005.
He Tan: Aligning and Merging Biomedical Ontologies, 2006.
Artur Wilk: Descriptive Types for XML Query Language Xcerpt, 2006.
Per Olof Pettersson: Sampling-based Path Planning for an Autonomous Helicopter, 2006.
Kalle Burbeck: Adaptive Real-time Anomaly Detection for Safeguarding Critical Networks, 2006.
Daniela Mihailescu: Implementation Methodology in Action: A Study of an Enterprise Systems Implementation
Methodology, 2006.
Jörgen Skågeby: Public and Non-public gifting on the Internet, 2006.
Karolina Eliasson: The Use of Case-Based Reasoning in a Human-Robot Dialog System, 2006.
Misook Park-Westman: Managing Competence Development Programs in a Cross-Cultural Organisation - What
are the Barriers and Enablers, 2006.
Amra Halilovic: Ett praktikperspektiv på hantering av mjukvarukomponenter, 2006.
Raquel Flodström: A Framework for the Strategic Management of Information Technology, 2006.
Viacheslav Izosimov: Scheduling and Optimization of Fault-Tolerant Embedded Systems, 2006.
Håkan Hasewinkel: A Blueprint for Using Commercial Games off the Shelf in Defence Training, Education and
Research Simulations, 2006.
Hanna Broberg: Verksamhetsanpassade IT-stöd - Designteori och metod, 2006.
Robert Kaminski: Towards an XML Document Restructuring Framework, 2006.
Jiri Trnka: Prerequisites for data sharing in emergency management, 2007.
Björn Hägglund: A Framework for Designing Constraint Stores, 2007.
Daniel Andreasson: Slack-Time Aware Dynamic Routing Schemes for On-Chip Networks, 2007.
Magnus Ingmarsson: Modelling User Tasks and Intentions for Service Discovery in Ubiquitous Computing,
2007.
Gustaf Svedjemo: Ontology as Conceptual Schema when Modelling Historical Maps for Database Storage, 2007.
Gianpaolo Conte: Navigation Functionalities for an Autonomous UAV Helicopter, 2007.
Ola Leifler: User-Centric Critiquing in Command and Control: The DKExpert and ComPlan Approaches, 2007.
Henrik Svensson: Embodied simulation as off-line representation, 2007.
Zhiyuan He: System-on-Chip Test Scheduling with Defect-Probability and Temperature Considerations, 2007.
Jonas Elmqvist: Components, Safety Interfaces and Compositional Analysis, 2007.
Håkan Sundblad: Question Classification in Question Answering Systems, 2007.
Magnus Lundqvist: Information Demand and Use: Improving Information Flow within Small-scale Business
Contexts, 2007.
Martin Magnusson: Deductive Planning and Composite Actions in Temporal Action Logic, 2007.
Mikael Asplund: Restoring Consistency after Network Partitions, 2007.
Martin Fransson: Towards Individualized Drug Dosage - General Methods and Case Studies, 2007.
Karin Camara: A Visual Query Language Served by a Multi-sensor Environment, 2007.
David Broman: Safety, Security, and Semantic Aspects of Equation-Based Object-Oriented Languages and
Environments, 2007.
Mikhail Chalabine: Invasive Interactive Parallelization, 2007.
Susanna Nilsson: A Holistic Approach to Usability Evaluations of Mixed Reality Systems, 2008.
Shanai Ardi: A Model and Implementation of a Security Plug-in for the Software Life Cycle, 2008.
Erik Kuiper: Mobility and Routing in a Delay-tolerant Network of Unmanned Aerial Vehicles, 2008.
Jana Rambusch: Situated Play, 2008.
Martin Karresand: Completing the Picture - Fragments and Back Again, 2008.
Per Nyblom: Dynamic Abstraction for Interleaved Task Planning and Execution, 2008.
Fredrik Lantz:Terrain Object Recognition and Context Fusion for Decision Support, 2008.
Martin Östlund: Assistance Plus: 3D-mediated Advice-giving on Pharmaceutical Products, 2008.
Håkan Lundvall: Automatic Parallelization using Pipelining for Equation-Based Simulation Languages, 2008.
Mirko Thorstensson: Using Observers for Model Based Data Collection in Distributed Tactical Operations, 2008.
Bahlol Rahimi: Implementation of Health Information Systems, 2008.
Maria Holmqvist: Word Alignment by Re-using Parallel Phrases, 2008.
Mattias Eriksson: Integrated Software Pipelining, 2009.
Annika Öhgren: Towards an Ontology Development Methodology for Small and Medium-sized Enterprises,
2009.
Rickard Holsmark: Deadlock Free Routing in Mesh Networks on Chip with Regions, 2009.
Sara Stymne: Compound Processing for Phrase-Based Statistical Machine Translation, 2009.
Tommy Ellqvist: Supporting Scientific Collaboration through Workflows and Provenance, 2009.
Fabian Segelström: Visualisations in Service Design, 2010.
Min Bao: System Level Techniques for Temperature-Aware Energy Optimization, 2010.
Mohammad Saifullah: Exploring Biologically Inspired Interactive Networks for Object Recognition, 2011

No 1468
No 1469
No 1476
No 1485

Qiang Liu: Dealing with Missing Mappings and Structure in a Network of Ontologies, 2011.
Ruxandra Pop: Mapping Concurrent Applications to Multiprocessor Systems with Multithreaded Processors and
Network on Chip-Based Interconnections, 2011
Per-Magnus Olsson: Positioning Algorithms for Surveillance Using Unmanned Aerial Vehicles, 2011
Loove Broms: Sustainable Interactions: Studies in the Design of Energy Awareness Artefacts, 2011

