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Abstract 
As technology is increasingly used in mobile settings, energy and 
battery management is becoming a part of everyday life. Many 
have experienced how quickly a battery can be depleted in a 
smartphone, laptop or electric cars, sometimes causing much 
distress. An important question is how we can understand and 
work with energy as a factor in interaction design to enable better 
experiences for end-users. 

Through design-oriented research, I have worked with the 
specific case of electric cars, which is currently a domain where 
people struggle in terms of energy management. The main issue in 
this use case is that current driving range estimates cause distrust 
and anxiety among drivers. Through sketches, prototypes and 
studies, I investigated causes as well as possible remedies to this 
situation. My conclusion is that instead of providing black-boxed 
predictions, in-car interfaces should expose the logics of estimates 
so that drivers know how their own actions in e.g. driving style, 
climate control, and other equipment, affects energy use. 
Revealing such energy mechanisms will not only empower the 
driver, it will also acknowledge the impact of variables that cannot 
be predicted automatically. 

In this work, understanding the dynamic aspects of energy has 
emerged as central to interaction with systems. This points to a 
need to design energy sensitive interactions - focusing on 
supporting users to find the right balance between energy use and 
the experiential values sought for. To ease design of energy 
sensitive interactions, energy use is divided into three different 
categories with accompanying ideals. These are exergy (always 
needed to achieve the required interaction), intergy (controllable 
and changing over time and use, needs to be addressed in design), 
and anergy (always waste that needs to be reduced). This 
articulation highlights aspects of energy that are specific to 
interaction design, and possible aspects to expose to allow more 
energy-efficient interactions in use. 
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Sammanfattning 
I takt med att vi använder alltmer teknik i mobila sammanhang 
blir energi- och batterihantering en allt större del av vår vardag. 
Många har erfarenheter av de besvär som ett plötsligt urladdat 
batteri i en mobiltelefon, laptop eller elbil kan orsaka.  En central 
fråga för att uppnå bättre användarupplevelser är hur vi kan förstå 
och arbeta med energi som en faktor i design av interaktion med 
mobil teknik. 

Genom designdriven forskning har jag arbetat specifikt med 
interaktionen i elbilar, en situation där många brottas med just 
hantering och förståelse av begränsad energi. En specifik utmaning 
i denna kontext är den misstro som många upplever kring 
existerande system för räckviddsberäkning. Genom skisser, 
prototyper och användarstudier har jag undersökt orsaker och 
praktiska lösningar på detta problem. Min slutsats är att bilens 
gränssnitt bör exponera den inre logik som beräkningarna bygger 
på, så att föraren förstår hur egna handlingar, såsom körsätt och 
användning av t ex kupévärmare, påverkar energiförbrukning och 
räckvidd. Detta leder till ökad upplevelse av kontroll för föraren, 
och samtidigt till mer tillförlitliga beräkningar då det tar hänsyn 
till variabler som inte kan förutsägas automatiskt. 

I arbetet har dynamiska aspekter av energi framträtt som 
centralt i användning av interaktiva system. Detta pekar på 
behovet av att designa energikänsliga interaktioner, som hjälper 
användaren att förstå balansen mellan energiåtgång och 
bruksvärde. För att stödja design av energikänsliga interaktioner 
artikuleras tre kategorier av energianvändning i interaktiva 
system. Dessa är exergi (behövs för att uppnå tänkt interaktion), 
intergi (kontrollerbar och föränderlig över tid och användning, 
måste adresseras med design), och anergi (är alltid ett slöseri som 
behöver reduceras). Denna artikulation belyser specifikt de 
aspekter av energiförbrukningen som varierar genom användning, 
och som skulle kunna exponeras för mer energieffektiv interaktion 
med ny teknik. 
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1 Introduction 
Technological development has enabled an ever-increasing use of 
interactive technology in mobile settings. However, since batteries 
have a limited capacity, this requires people to deal with electrical 
power as a restricted resource in everyday life. For instance, 
keeping smartphones, laptops and electric cars charged is a 
familiar concern that sometimes causes much distress. As end-
users, we are often mystified about when and why the batteries of 
our devices are being drained and new practices have developed 
that guide how people turn on and off apps on their mobiles or 
how long they charge mobiles to keep the battery in optimal shape 
(Ferreira et al. 2011; Ferreira & Mcgregor 2015). This, in a more 
extreme form, which I will come to later, is also the reality for 
electric car drivers, which is the focus in this thesis.   

In order to extend our mobility and use time for mobile phones 
and tablets, there is also a growing market for external battery 
packs and fuel cells to be used when we are off the electricity grid. 
Some are even solar-powered for harvesting additional energy 
while outdoors. Taken together, these trends point towards the 
importance of considering energy use in relation to mobility issues 
and needs among end-users. The question addressed here is how 
to work with – and understand – energy as a factor in interaction 
design. It is an increasingly crucial question as the digital 
interactions are moving out into the world, into mobile contexts. 
Designers and engineers need to start accounting for energy in the 
making of interactive systems. The importance of addressing these 
issues in the future may become central if energy ceases to be as 
cheap and available as it is today, prompting an acute need for 
more energy efficient devices and machines with rich energy 
management capabilities. 

In the human computer interaction (HCI) and interaction design 
community, energy and design of energy feedback have gained 
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widespread attention, both because of the interest in an ideological 
and ethical stance towards designing for sustainability (DiSalvo et 
al. 2010) as well as for purely practical design reasons, as many of 
our interactive devices depend heavily on batteries. For instance, 
several recent studies have addressed how users deal with limited 
battery lifetime when using mobile phones in what is referred to as 
human-battery interaction (Banerjee et al. 2007; Rahmati et al. 
2007; Rahmati & Zhong 2009; Ferreira et al. 2011; Ferreira & 
Mcgregor 2015).  

However, for the most part, the community has been concerned 
with ways to visualise and materialise (Pierce & Paulos 2013; 
Pierce & Paulos 2010) energy consumption through interactive 
visualisations with regard to home or workplace consumption 
(Backlund et al. 2007; Froehlich 2009; Grevet & Mankoff 2009; 
Jönsson et al. 2010; Odom & Pierce 2008; Shrubsole et al. 2011). 
The typical challenge concerns figuring out how and where to 
present energy usage to achieve lasting energy reduction. Another 
approach is to create discourse through aesthetically evocative 
installations that mirror energy use and thereby help people 
change their behaviour and consume less energy through increased 
awareness and engagement (Broms 2014). However, a recent 
review of energy-related research in the field of HCI points toward 
a need to look beyond the “current focus on energy feedback 
displays to increase awareness and motivate individual 
conservation behaviour” (Pierce & Paulos 2012a).  

In contrast to the largely prevailing idea of energy as a potential 
for reduction, this work focuses attention on understanding energy 
as a potential resource for interaction. In this sense, it departs 
from the typical energy reduction agenda often put forth in 
sustainability-oriented work, and instead looks at how to 
understand energy’s central role in interaction design. The reason 
for this particular framing is due to my work on designing 
interaction in electric cars. In the electric car domain, the central 
concern is not simply feedback for energy reduction, but rather the 
design challenge of providing the driver with tools for energy 
management to deal with intricate energy compromises and trade-
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offs while on the move. The reason for these needs are due to 
electric cars limited driving range; the distance that it is possible 
to drive using the energy stored in the battery. Note that driving 
range is the established term within the field of electric vehicle 
research (e.g. Bühler et al. 2014; Franke, Trantow, et al. 2015; 
Neumann & Krems 2015; Strömberg & Andersson 2011; Neaimeh 
et al. 2013; Birrell et al. 2014) and has nothing to do with golf.  

To clarify how serious the variations in driving range may be, the 
driving range is reduced by up to 50 per cent if the driver changes 
speed from 60 to 120km/h. Similarly the driving range is reduced 
by up to 50 per cent if the climate control is on. This illustrates that 
there is a potential for people to adjust and actively take control 
over their driving range. This may also concern decisions and 
changes made by people “on the fly” that will be hard for an 
intelligent system to deal with and account for in advance (Birrell 
et al. 2014). For instance, it should be up to the driver to determine 
if it is worth driving slowly and freezing (turn off AC) to reach the 
destination. 

In the electric car, it is clear that energy decisions may have 
severe impact on mobility and comfort. Today, these compromises 
remain mysterious and hidden from the drivers, causing them to 
distrust the technology (Franke, Rauh, et al. 2015; Franke et al. 
2012; Lundström 2014). The design challenge is to improve the 
handling of driving range in electric cars for end-users. In short, if 
you, for example, want to drive very far, you might do better by 
turning off the air conditioning, driving slower, avoiding braking 
and accelerating too much, choosing a route that allows you to 
keep an even pace, and of course making sure that the battery is 
fully charged to begin with. In addition, you may need to take into 
account the weather conditions, since really cold/hot weather and 
snow will drain your battery faster. If you, on the other hand, need 
to get somewhere quickly, you can choose to drive faster with your 
air conditioning on, as long as it is within a much shorter distance 
than the maximum driving range attainable and promised the in-
car driving range estimation.  
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For most of us who are not experienced electric car drivers, the 
problem is similar to how you treat your mobile phone: if you 
know you will not be able to charge it for quite some time, you 
might choose to turn off WLAN, Bluetooth and the connection to 
the mobile network to save power for when really needed. 

Drawing on my work with designing visualisations of energy 
consumption in electric cars, I then elaborate on what we can learn 
from this specific case that is of relevance to any interaction design 
where a compromise between user experience and energy 
expenditure has to be done. In particular, grasping the fluctuations 
of energy use in interaction is a key concern in my work. For 
instance, energy usage fluctuates in complex ways in direct 
relationship to driving style. My account is focused on the values 
and implications that energy use is connected to and the situated 
reality in which energy use takes place. In the electric cars’ domain 
I have seen how drivers struggle with trying to remain in control of 
and understand their energy use and how their behaviour has 
immediate and severe consequences, such as getting stuck in the 
middle of nowhere with an empty car battery (Lundström 2014; 
Lundström et al. 2012; Lundström & Bogdan 2012).  

These difficulties show how we need to reveal key energy 
mechanisms and the impact of other circumstances in order to 
empower drivers with relevant energy decision support tools. Such 
new tools become one solution in the repertory of designing for 
manageable and acceptable driving range in electric cars. These 
tools may function alongside, or even as an alternative to, the 
prevailing engineering approach of improving existing range 
predictions as one singular value – hiding all the underlying 
variables and factors that contribute to that estimate (e.g. Birrell et 
al., 2014; Jung et al., 2015; Neaimeh et al., 2013; Pichler, 2015). 

In this thesis, I will summarise and discuss results from my work 
on electric cars and my theories of the dynamic design challenges 
of energy in interaction. Designing what I call energy-sensitive 
interactions is an approach that is sensitive to energy-related 
values in design and balanced against other design aims, such as 
an excellent user experience. The approach entails understanding 
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energy needs and use as a complex dynamic contextual process in 
flux. While some energy usages may best be hidden from the users’ 
view and automated in the system, others should be made obvious 
to the users. The latter may sometimes be necessary for users to 
deal with the dynamics and compromises needed in the moment.  

To pinpoint what is static, dynamic and a waste of energy in 
systems, I have developed a vocabulary to provide specificity to 
different categories of energy use that need different treatment in 
design. The vocabulary is aimed particularly at helping make 
design decisions and providing new perspectives on energy 
research by pinpointing what are typical engineering energy 
efficiency challenges and what are design challenges that should be 
revealed for the end-user by the design/system.  

The vocabulary consists of three main concepts: exergy – always 
needed to achieve the required design interaction – and its 
counterpart anergy – always waste and should be addressed as 
such in the design process. These two concepts have been 
borrowed and reinterpreted from thermodynamics. In addition I 
have added the notion of intergy, to denote fluctuating energy 
usage in need of special design strategies and attention as the value 
may change over time as regards changes of users’ needs, desires 
and context. For instance, driving faster requires much more 
energy and is thus an intergy that the driver can control and it is 
crucial that they know how they influence energy consumption. 
The intergy decisions should often be made by the end-users, in 
real-time, during use, and therefore require some form of 
visualisation or tool.  

In addition, grounded in the battery management challenge in 
electric cars, I provide a reflection on how energy in interaction 
from an embodied perspective needs to be described as a felt 
experience rather than something immaterial and intangible 
(Pierce & Paulos 2010), hence hard to perceive. In short, energy 
used for interaction and its associated use values is always tangible 
and felt in use. However, distant and accumulated effects, as well 
as unnoticed energy consumption, that do not provide any value, 
may be hard to grasp and therefore unfelt. For instance, waste in 
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energy production and transmission, accumulated heat losses over 
time with traditional light bulbs, and unwanted “CPU Spins” such 
as with the Facebook app. If there are no balancing felt values of 
benefit to the user, then I argue that there are few reasons for 
making the energy perceived, as there is nothing at stake for the 
user to motivate lasting behavioural change. For instance, there 
would be little incentive to take fewer hot baths if the energy used 
does not have any felt implications for life. This may be economical 
or practical, such as forcing other compromises in life (e.g. no 
electricity left for the refrigerator at the end of the day). 

I end with a discussion on how user experience work may be the 
key design challenge to enable larger sustainable transitions from 
an unsustainable into a more sustainable state. Here I like to 
highlight how design and human-centred work may play a 
substantial role in sustainability without the need – as a designer 
or design researcher – to directly conduct or even know about 
sustainability. Instead the focus could be on making sustainable 
alternatives attractive by operating on a concrete level for design.  

1.1 Research objective and questions 
My research originally started from the basic interest in looking at 
the specific issues related to the limited driving range in electric 
cars. On a theoretical level, this concerned how people could make 
sense of and leverage understanding energy when driving electric 
cars. As this is a tough challenge unless you have a way to 
conceptualise energy’s role in interactive technology, the topic 
expanded to look at how a useful conceptualisation of energy could 
be articulated based on the energy challenges of designing 
interactions and tools for electric cars.  

My overall objectives have been to look into the specific issues of 
driving range in electric cars and to create awareness and a useful 
understanding of energy in design of interactive systems. Hence 
the aim is to enable others to design better products and 
understand design from an energy perspective. One of the main 
starting points for my research endeavour in the area has been that 
energy has a profound role and value to end-users, and is difficult 
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to reduce to an issue focusing solely on energy conservation. This 
entailed looking closely at peoples’ relationship with energy use 
when using interactive technology. This means that my focus has 
been first and foremost on creating meaningful energy 
management tools connected to the practicalities of use and led to 
the following research question addressed in this thesis. 

Research question:  
How can the fluctuating nature of energy use be perceived, 
designed for, and conceptualised, to support resourceful 
interactions in mobile use settings? 

Based on the specific case of electric driving, this question includes 
several aspects. First, I have investigated issues regarding the felt 
experience of energy in terms of battery management and what 
forms of experiential issues and misconceptions may arise from 
current designs. Secondly, and more concretely, my studies have 
been concerned with how visualisations may be designed, and how 
they may be used and understood by drivers. Finally, I have 
explored how energy usage of interactive systems can be re-
conceptualised, to better account for the effects of user activity and 
the compromises that can be made in situ, to approach a more 
user-centred stance towards energy empowerment and control. 

1.2 Delimitations 
Since this work has such a close connection to, and implications 
for, sustainability work in HCI, the sustainability minded reader 
might find it surprising that it is not fully framed within a 
sustainability programme. The reason behind this is that my work 
has not been directly concerned with sustainability. Instead, it has 
been concerned with a profound concern for the driver (“user”) 
and the practicalities of managing energy for the direct, present 
and felt values that are related to energy usage for the drivers. 
Therefore this work focuses on how to conceptualise the role of 
energy in interaction from a human-centred perspective, instead of 
e.g. conceptualising it as a direct matter for sustainability (e.g. for 
persuasive energy conservation).  However, as I will discuss issues 
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related to designing for sustainability and the relationship between 
user experience and sustainability, the thesis should be interesting 
for the sustainability community as well. 

1.3 Summary of main contributions  
Based on the work conducted during my studies it is possible to 
articulate several different levels of research contributions in 
addition to the peer reviewed knowledge published in each of the 
individual papers that form the basis of this thesis. 

My main contributions can be summarised as follows: 

— The specific design case of designing battery 
management tools for electric cars: Today, most electric 
vehicles have the same concepts and designs as the 
conventional car. In my work I have contributed to the 
development of electric vehicles by designing alternative 
solutions emphasising and addressing particular issues related 
to electric vehicles. These solutions are mainly driven from the 
needs and practices of the drivers, as drivers need better 
resources for understanding and relating to driving range. My 
main contribution is, on the one hand, studies of electric car 
drivers showing what kind of issues they really struggle with 
when it comes to driving range and, on the other hand, designs 
that address their concerns in novel ways, emphasising a need 
to reveal inner energy mechanisms. These designs are 
contributions in themselves, relevant to the case of electric car 
interaction, but more importantly, they allowed me to articulate 
a more generic description of energy dynamics in interaction – 
leading to the next two contributions. 

— An articulation of dynamic energy challenges in 
interaction: Based on the difficulties and challenges that I 
have been focusing on in the electric car domain, I have 
articulated what more generally is going on from an energy 
perspective. I arrive at an understanding of a specific space in 
between energy as useful (exergy) or waste (anergy), where the 
needs and desires for energy fluctuate and are determined by 
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people over time and through interaction. I came to call this 
intergy. Intergy is the most typical space for interaction design 
and HCI challenges as regards energy. 

— Energy-sensitive interaction as an approach to 
designing energy in interaction: The articulation of intergy 
that was derived from my case, aims to address accepting useful 
energy (exergy), removing waste (anergy) and managing 
dynamics (intergy) by energy-empowering users. It is a set of 
design ideals that allows a design to approach and improve 
energy use in interactive systems. It is also an approach and a 
theoretical understanding of the dynamic nature of energy in 
interaction and its connection to real values for end-users, 
which could be used to analyse new cases for dynamic aspects 
and reveal new important aspects for end-users and enable 
resourceful energy interaction. 

1.4 Thesis outline 
This thesis is a compilation thesis (“Kappa” in Swedish) and its 
foundation is based on a series of research papers. However, the 
thesis as such aims to 1) present an overview of my work, 2) put it 
together into a coherent whole, and 3) provide higher-level 
discussions and reflections. In Chapter 1, I have framed and 
motivated my work and presented the aims, purposes and research 
questions that I will answer in the thesis. In Chapter 2, I will begin 
by providing an overview of energy and sustainability related work 
in HCI and the discourse of energy as a design material in HCI. I 
end with an overview of electric cars and the particular challenges 
related to the limited driving which has been the focus of my 
practical work. In chapter 3 I will give a methodological framing of 
my work, beginning with the background to constructive design 
research. Then I will provide a methodological overview of how I 
have conducted constructive design research along with a concrete 
summary of my research process. In chapter 4, I provide 
background, aims, methodology, and a summary of results and 
conclusions for each of my papers included in the thesis. In 
chapter 5 I discuss my work on a more general level and synthesise 
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higher-level reflections divided into five subsections where I will 
start close to my case of electric cars and gradually zoom out to 
reflect on aspects of energy and design in relation to HCI 
discourse. I end chapter 5 with a methodological reflection. In 
chapter 6, I will conclude by answering the research questions 
posed in chapter 1.  

1.5 Papers included in the thesis 
This thesis is based on the following papers that will be 
summarised in the chapter summary of studies: 

Paper A: 
Lundström, A., Bogdan, C., Kis, F., Olsson, I., & Fahlén, L. 2012. 
Enough power to move: dimensions for representing energy 
availability. In Proceedings of the 14th International Conference 
on Human Computer Interaction with Mobile Devices and 
Services (MobileHCI'12). ACM. pp. 201–210. 

My contributions: In this work I picked up on a map-based driving 
range visualisation idea that had surfaced in the research group 
and originated from Cristian Bogdan. Based on this idea I 
developed a first clickable prototype together with Ingvar Olsson 
who helped in developing the energy estimation formulas needed 
for the algorithm. The prototype was later refined by Filip Kis to 
prepare it for the study that was conducted by myself, Cristian and 
Filip. After the study I did the transcription, the majority of the 
analysis and Cristian and I mainly wrote the paper with support 
from the other co-authors. 

Paper B:  
Lundström, A. & Bogdan, C. 2013. COPE1 – Taking control over 
EV Range. In Adjunct Proceedings of the 6th International 
Conference on Automotive User Interfaces and Interactive 
Vehicular Applications (AutomotiveUI '12). ACM. pp. 17-19. 

My contributions: I conducted the field study, analysis and design 
experiment presented in this paper and Cristian Bogdan helped me 
to refine the paper for submission.   



INTRODUCTION | 11 

 

Paper C:  
Lundström, A. 2014. Differentiated Driving Range: Exploring a 
Solution to the Problems with the “Guess -O-Meter” in Electric 
Cars. In Proceedings of the 6th International Conference on 
Automotive User Interfaces and Interactive Vehicular 
Applications (AutomotiveUI '14). ACM. pp. 1-8. 

My contributions:  I conducted the study, analysis and design work 
reported on in this paper. In the prototyping process Cristian 
Bogdan helped out by building a background service that enabled 
my app to get real data from electric cars. 

Paper D:  
Lundström, A. & Hellström, F. 2015. Getting to Know Electric 
Cars through and App. In Proceedings of the 7th International 
Conference on Automotive User Interfaces and Interactive 
Vehicular Applications (AutomotiveUI '15). ACM. pp. 289-296.  

My contributions:  The design of the app studied in this paper was 
developed with the help of Luan Xueyang as a part of her master 
thesis. The study design was mostly devised by me but in 
collaboration with Fredrik Hellström who conducted and 
transcribed the study. I took the main responsibility for the 
analysis and paper writing that was done together with Fredrik.  

Paper E:  
Lundström, A., Hasselqvist, H. & Bogdan, C. 2016. Electric 
Driving on the Edge: the Necessities of (Re)Planning, 

(Re)Assessment, and Reconfiguration. Submitted to the Springer 
Journal Transportation. 

My contributions:  This was a follow up study on one of my designs 
(see Paper C). The study design, pilot, preparation, and study were 
mainly done together with Hanna Hasselqvist but with support 
from Cristian Bogdan. The transcription, analysis and paper 
writing was made together with Hanna and Cristian, but I took the 
main responsibility for the process and outcome. 
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Paper F:  
Lundström, A., Fernaeus, Y. & Höök, K. 2016. Exergy, Anergy, 
and Intergy: Uncovering Energy in Interaction. Submitted to the 
10th Nordic Conference on Human-Computer Interaction 
(NordiCHI '16). ACM. 

My contributions:  This paper has emerged from all the practical 
work presented in the other papers included in this thesis in which 
I have had a prominent role. I produced the initial analysis and 
manuscript as a part of my struggles in articulating the issues that 
I was facing. As this has been a difficult theoretical paper to write, I 
later received substantial help with revising the paper and 
sharpening the arguments from Ylva Fernaeus and Kristina Höök. 

1.6 Affiliations of co-authors 
Cristian Bogdan Associate Professor at MID (Media 

Technology and Interaction design), KTH 
– Royal Institute of Technology. 

Lennart Fahlén Senior Advisor at SICS Swedish ICT – 
Swedish Institute of Computer Science. 

Ylva Fernaeus Associate Professor at MID (Media 
Technology and Interaction design), KTH 
– Royal Institute of Technology.  

Researcher at the Mobile Life Centre. 

Hanna Hasselqvist PhD student at MID (Media Technology 
and Interaction design), KTH – Royal 
Institute of Technology.  

Fredrik Hellström Former Master Student at MID (Media 
Technology and Interaction design), KTH 
– Royal Institute of Technology. 

Kristina Höök Professor at MID (Media Technology and 
Interaction design), KTH – Royal 
Institute of Technology.  
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Director of the Mobile Life Centre. 

Filip Kis PhD student at MID (Media Technology 
and Interaction design), KTH – Royal 
Institute of Technology.  

Ingvar Olsson Computer Software Consultant and 
Professional at Tritech AB 

1.7 Publications not included in the thesis 
In addition to my main strand of research on energy and electric 
cars, I have also conducted other research work. One strand of 
work has concerned design education where I, together with Ylva 
Fernaeus, worked with new ways of structuring one of KTH’s 
interaction design courses (Fernaeus & Lundström 2014; Fernaeus 
& Lundström 2015). While our work mainly discussed how to 
instruct students working with design, it also informed my own 
research practice. Another strand is related to artistic research 
where I have conducted research, exhibited artworks and made 
sonic art performances together with Vygandas Šimbelis. While 
this has not had any obvious connection to my work on electric 
cars, it has still shaped my understanding of designing with energy, 
as we worked with a similarly difficult topic of grasping biological 
signals when interacting with systems. In addition, I have also 
arranged and participated in several electric car workshops and 
demo sessions during my studies, which has led to a collection of 
workshop descriptions and position papers that can also be found 
in this publication list. Although many of these efforts are not 
included in the thesis, all of them have contributed to my research 
in one way or another, ranging from being pre-stages of papers to 
more general lessons related to research-through design: 

Šimbelis, V., Lundström, A., Höök, K., Solsona, J., & 
Lewandowski, V. 2014. Metaphone!: Machine Aesthetics Meets 
Interaction Design. In Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems - CHI’14. (pp. 1-10). ACM. 
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Fernaeus, Y., Lundström, A. 2014. Intention-Centred Design 
Education: Beyond Methods and Techniques. Design Research 
Society 2014 – DRS’14. Umeå Institute of Design, 2014. (pp. 1157-
1167). 

Fernaeus, Y., Lundström, A. 2015. Practicing Design Judgement 
through Intention-Focused Course Curricula. Design and 
Technology Education: an International Journal, 20(1). 

Lundström, A., Bogdan, C., Kis, F., Olsson, I., & Fahlén, L. 2012. 
EVERT: energy representations for probing electric vehicle 
practice. In extended Abstracts of the SIGCHI Conference on 
Human Factors in Computing Systems (CHI’12). ACM. pp. 2141-
2146. 

Osswald, S., Schroeter, R., Loehmann, S., Butz, A., Lundström, A., 
& Lienkamp, M. 2014. EVIS 2014: 3rd Workshop on Electric 
Vehicle Information Systems. In Proceedings of the 6th 
International Conference on Automotive User Interfaces and 
Interactive Vehicular Applications (AutomotiveUI’14). ACM. pp. 
1-6. 

Lundström, A., & Bogdan, C. 2012. COPE1–Incorporating Coping 
Strategies into the Electric Vehicle Information System. In 
adjunct Proceedings of the 4th International Conference on 
Automotive User Interfaces and Interactive Vehicular 
Applications (AutomotiveUI’12) . pp. 113-115. 

Lundström, A., & Bogdan, C. (2012). Simplifying the complexity 
of driving range for electric vehicles.  Position paper for SIGCHI 
Conference on Human Factors in Computing Systems (CHI’14) 
workshop Simple, Sustainable Living. (2 pages). ACM. 

Lundström, A., & Bogdan, C. (2013). Designing & Understanding 
the Impacts of Electric Vehicle Apps. In adjunct Proceedings of the 
5th International Conference on Automotive User Interfaces and 
Interactive Vehicular Applications (AutomotiveUI’13). ACM. pp. 
10-12. 
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Lundström, A., & Bogdan, C. (2014, September). Having a Lead 
Foot? Exploring how to Visualize Energy Consumption and 
Driving in Electric Cars. In Proceedings of the 6th International 
Conference on Automotive User Interfaces and Interactive 
Vehicular Applications (AutomotiveUI’14). ACM.  pp. 1-4. 

Fernaeus, Y., Vallgårda, A., Tharakan, M. J., & Lundström, A. 
(2012, February). Touch and feel soft hardware. In Proceedings 
of the Sixth International Conference on Tangible, Embedded and 
Embodied Interaction (TEI’12). ACM. pp. 359-362. 

Lundström, A. (2011). Tactile Music Collaboration for Social 
Presence and Performance. In workshop at the 13th International 
Conference on Human Computer Interaction with Mobile Devices 
and Services (MobileHCI’11). 
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2 Theory 
In this chapter, I will begin by providing a walkthrough of energy 
and sustainability related work within Human-Computer 
Interaction (HCI). Then I will give an introduction of how energy 
has been discussed as a design material and from what 
perspectives this has mainly been done. Since this work has 
emerged from the specific design context of electric cars and their 
issues of having limited driving range, I will end by providing an 
overview of electric cars in general and the design challenges 
specific to that context.  

2.1 Energy and sustainability in HCI 
Due to societal and political concerns for the environment and the 
future of our planet, the interest in sustainability has grown 
substantially in recent years (see e.g. (DiSalvo et al. 2010) for an 
overview). While it is clear that technology and individual 
behavioural change cannot alone solve these issues, as these 
difficult questions depend heavily on politics and policies 
(Silberman 2013), it is relevant to discuss the role of technology 
and HCI in the journey towards a more sustainable world. 
Sustainability work may include many different topics such as 
water usage (Bonanni et al. 2005), practices of repair (Maestri & 
Wakkary 2011), creative and sustainable ways people appropriate 
and adapt designed artefacts (Wakkary 2009), sustainable DIY 
practices (Wakkary et al. 2013), waste disposal practices (Holstius 
et al. 2004), re-conceptualising fashion as sustainable in HCI (Pan 
et al. 2012), the role of HCI in promoting sustainable food 
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practices (Choi & Blevis 2010), and transportation practices 
(Froehlich et al. 2009).  

Although we should be careful with framing technology as a 
solution, technology has already contributed in subtle forms. For 
instance, Mankoff highlights that eBay have contributed by 
promoting re-use and Twitter and SMS have contributed through 
enabling group mobilisation and communication for 
environmental causes (Mankoff 2012). More precisely for this 
thesis, interaction design has been highlighted as having an 
important role to play in achieving sustainability through so-called 
sustainable interaction design (Blevis 2007) that seeks to attend to 
sustainability values. Blevis proposals is to design for shifting the 
environmental effects of a design from a less preferred form to a 
more preferred form, e.g. by designing products for ‘renewal and 
reuse’ instead of ‘invention and disposal’. Another relevant 
proposal for design is to promote structural change (Silberman 
2013) by replacing unsustainable practices with new ones.  

Another large sustainability corpus in the HCI community, and 
the focus of this thesis, is energy (Backlund et al. 2007; Pierce et al. 
2010; Broms et al. 2009; Broms et al. 2010; Bourgeois et al. 2014; 
Jönsson et al. 2010; Gyllenswärd et al. 2006; Mazé & Redström 
2008; Froehlich 2009; Pierce et al. 2008). However, the 
engagement has been shown in a literature review by Pierce and 
Paulos (Pierce & Paulos 2012a) to have an explicit focus, as it 
almost exclusively concerns consumption feedback and awareness 
of energy use to the end-users. This is probably since the work has 
been motivated by a sustainability agenda focusing on persuading 
people to consume less energy.  

It has additionally been further narrowed by mostly looking at 
domestic environments through screen-based visualisation of 
energy consumption (Froehlich 2009; Grevet & Mankoff 2009; 
Odom & Pierce 2008; Shrubsole et al. 2011). Interestingly, such 
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approaches put a heavy burden on the end-user to take 
responsibility for reducing energy consumption. Hence also 
implying that it is the users’ behaviours that are problematic 
(DiSalvo et al. 2010). Not surprisingly, this unilateral engagement 
has been criticised for not being a very effective approach, as it 
fails to account for people’s socio-technical reality (Dourish 2010; 
Strengers 2014). 

Even though eco-feedback continues to be the main focus of our 
community, the critical voices have led to the expansion towards 
other ways to engage with energy in our field. For instance, 
Strengers (2014) recently highlighted that much design work in 
our domain is targeted towards what could be considered a 
stereotyped ‘resource man’ who is constantly and enthusiastically 
interested in optimising and managing energy use and resources. 
Strengers argues that a more important design challenge would be 
to engage and question underlying reasons for using energy in the 
first place. Therefore, we should instead look at why and how we 
use energy to do such things as laundry, heating and cooking.  

Interestingly, based on related work, own studies and argument, 
Hazas and colleagues (Mike Hazas, A. J. Bernheim Brush 2012) 
argue that technology-centred approaches offer greater energy 
saving potential than user-centred approaches. As an example of 
the scales of technical approaches to lowering energy waste, 
Mankoff has highlighted that more than half the energy produced 
each year is wasted directly or indirectly as unused potential in the 
power grid itself (Mankoff 2012).  

2.2 Materiality of energy in HCI 
Recently, in the HCI and interaction design community, there has 
been a movement towards highlighting the material properties and 
the materiality of physical and non-physical parts of technology 
(Pierce & Paulos 2010; Backlund et al. 2007; Redström 2005; 
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Fernaeus & Sundström 2012; Belenguer et al. 2012; Sundström et 
al. 2011; Vallgårda & Redström 2007; Dourish & Mazmanian 2013; 
Wiberg et al. 2012). This interest is emerging, as design is 
becoming a central part of the IT industry and in HCI.  

Examples of works along these lines include analysis that 
discusses the material properties of media (Dourish & Mazmanian 
2013), machine code (Vallgårda & Redström 2007), technology in 
general (Redström 2005), Bluetooth (Sundström et al. 2011), and 
the transmitting and receiving of radio frequencies (Belenguer et 
al. 2012). This movement is grounded in a need to increase the 
understanding of and embrace the role of particular materialities 
in the shaping of concepts, designs and interactions. For instance, 
engaging with these materials has been highlighted as important in 
order to fully comprehend material affordances (Fernaeus & 
Sundström 2012), something that in turn shapes and reforms the 
design at hand. These aspects are commonly left implicit in 
traditional HCI, where it has been common to overlook material 
details when shaping and making interactive entities, e.g. through 
low-fidelity prototyping or evaluation.  

An interesting recent addition to the material turn is how 
Solsona defines that something is to be considered a design 
material when matter is combined with the knowledge of how to 
shape it (Solsona Belenguer 2015) - strongly integrating skill into 
the notion of material, hence also elevating the role and 
background of the designer in the process. 

In the materiality discourse in HCI, energy management is 
considered core to the design of interactive technology (Fernaeus & 
Sundström 2012). It has become particularly pertinent in mobile 
settings, where data traffic, sensors, and supply are central to user 
experience (Lunden & Dunkels 2011). It has also been shown that 
energy information in smartphones is insufficient to effectively 
deal with limited battery lifetime (Rahmati & Zhong 2009; 
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Rahmati et al. 2007). Despite the need to engage with energy 
management in design, it is still largely neglected in HCI (Fernaeus 
& Sundström 2012) in general. Perhaps because most of the 
research is derived from the desktop paradigm where computers 
are connected with a power cord for endless energy supply – an 
assumption not sufficiently questioned.  

Inspired by acknowledging technology as a material in design 
(Redström 2005), one alternative agenda has been to consider 
energy as a material in design (Backlund et al. 2007). In the 
STATIC! Project, which was one of the first energy-oriented design 
research projects, conducted by the Interactive Institute in 2004-
2006 (Backlund et al. 2007), they explored the expressive and 
aesthetic potential of energy in the re-design of a series of everyday 
objects. Their aim was to make people more aware of energy and 
turn energy usage into something aesthetically evocative and 
present, instead of hiding energy consumption and presenting it as 
e.g. numbers or graphs, which is the typical representation of 
energy usage (e.g. the electricity meter). The work in STATIC! has 
generally been motivated from an energy conservation and 
sustainability agenda although they have a strong aesthetic and 
evocative focus in their work in general.  

Following up on this work, Pierce and Paulos have aimed to 
make energy more present and tangible to people by “promoting 
experientially meaningful and environmentally sustainable 
interactions and practices with and around energy in everyday 
life“ (Pierce & Paulos 2010).  They suggest that energy is an 
“immaterial materiality” that does not significantly and 
consciously matter to those who demand and depend upon it and 
that it is this way since it has been designed not to matter to us. 
Pierce and Paulos also suggest looking at what they call energy 
attunement, that is to design to make people more in touch with 
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energy through materialised presence and awareness about energy 
use, much like in the STATIC!-project (Backlund et al. 2007). 

One area where energy management has been highlighted as 
central to user experience is within the field of human-robot 
interaction. A study of the Pleo toy robot, for instance, shows how 
families became frustrated by the fact that Pleo needed four hours 
to charge to allow for one hour of play (Fernaeus et al. 2010). The 
additional fact that the robot became unpleasant to handle when 
out of battery severely affected the user experience further. 
Another interactive toy robot, Paro (Kidd et al. 2006), deals with 
this instead by incorporating charging as a part of playing, by 
having the power cord resembling a dummy inserted in the robot’s 
mouth. In another study looking at robots, lower total energy 
consumption was concluded to be “one of the most important 
factors when designing for devices that rely on batteries” 
(Jacobsson et al. 2008), clearly emphasising the value of battery 
optimisation, which is true also for other types of mobile devices.  

So far, we can note how HCI and interaction design research has 
concerned itself with the ‘resource man’ (Strengers 2014), trying to 
make end-users be more aware and reduce their consumption. On 
the other hand the materiality turn in HCI has concerned itself 
with seeing energy as an aesthetic material. But if we really want to 
work with energy as a material in design, we also need to develop 
an understanding of energy’s role when interacting with 
technology. One important step is to conceptualise and develop a 
vocabulary for energy relevant to design and HCI that lets us speak 
about where the energy is and should be going.  

This has been done within the field of computer networking 
where they have introduced the notion of emergy – embodied 
energy – to provide a qualified vocabulary to describe the amount 
of power needed to simply keep the internet on at all (Raghavan & 
Ma 2011), making it accessible and usable. The question is what 
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vocabulary is needed in order to partake and contribute to a 
qualified discussion on the role of energy in system design and how 
to aid people to make smart energy decisions when using these 
systems. Before discussing what terms could be useful in our field, 
we need to discuss the specific case of this thesis, which is 
designing battery management support for drivers of electric cars 
to handle the limited driving range. 

2.3 The challenge of driving range in electric cars  
As a way to lower emissions and dependency on fossil fuel, electric 
cars are a promising alternative to combustion engine cars. On the 
downside, the driving range in today’s electric cars is limited in 
comparison to conventional cars, mainly due to the available 
battery technologies in combination with high battery costs. In 
practice, this means that driving an electric car is somewhat like 
driving a conventional car with an almost empty fuel tank, with the 
addition that it may take hours to recharge. The driving range also 
varies substantially in comparison to conventional cars depending 
on speed, driving style, use of the car’s climate control unit, and 
topography, to mention some prominent factors. For instance, the 
driving range is reduced by up to 50 per cent if the driver changes 
speed from 60 to 120km/h. Similarly the driving range is reduced 
by up to 50 per cent if the climate control is on. 

Overall, limited driving range is one of the main obstacles for 
market acceptance of electric cars (Franke et al. 2012; Franke 
2012), as people worry about a phenomenon referred to as range 
anxiety (Eberle & von Helmolt 2010), as they fear running out of 
battery.  However, it is important to point out that energy 
management and charging is central to electric driving even under 
less anxious and dramatic circumstances, as the driver needs to be 
battery-aware and plan for charging as this is something that 
might be needed almost daily for some people, and more 
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commonly a few times per week. Therefore, the milder term range 
stress will also be used in this thesis to underline that it does not 
always have to be such a dramatic and difficult experience.  

There is of course always hope for improvements in the 
underlying technology by making lighter, cheaper and more 
sustainable batteries which also have higher storage capacity 
capable of faster charging. While improvements are made in this 
area every year, e.g. by lithium-ion batteries that can be charged 
faster (Pikul et al. 2013), or by optimising the electrical storage 
system (Chang et al. 2013), or by using biodegradable carbon-
based super capacitors made of graphene (El-Kady & Kaner 2013), 
no sufficiently cheap and manageable solutions have yet been 
presented. In addition, as lithium – the key component of the most 
advanced battery technology commercially viable – is a scarce 
metal, it is unclear whether large-sized lithium ion battery 
solutions will scale to a broader market (Vikström et al. 2013), 
indicating that small-sized batteries might be a prerequisite for 
electric cars in  the foreseeable future. 

On the other hand, studies have shown that the standard electric 
car has more than enough driving range for the average driver in 
Europe, USA and Australia to cover daily transportation needs 
(Cedersund & Lewin 2005; Franke et al. 2012), and that range 
anxiety is a psychological barrier that could be addressed with 
better interface design (Franke et al. 2012), more suited to the 
needs of electric car driving (Strömberg & Andersson 2011), 
provided that planning of when and how to drive and charge can 
be done efficiently. This seems particularly relevant for new 
electric car users as they have been observed to experience 
difficulties understanding the battery state of the vehicle (Nilsson 
2011). It has also been shown that experienced drivers eventually 
learn to cope with the short driving range in everyday life and 
perceive the limitations as less problematic (Bühler et al. 2014). 
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In a recent study of 40 beginners using electric cars for 6 months 
(Neumann & Krems 2015), the driving range and battery 
information in the vehicle was concluded to be only moderately 
reliable and helpful, which indicates a need for improved – and 
additional – information. They also highlighted that their 
respondents had difficulties understanding electrical units and 
energy consumption. Other studies have also shown that it is 
challenging for drivers to deal with range resources in electric cars 
(Carroll & Walsh 2010; Franke et al. 2012; Franke & Krems 2013). 

The main focus when it comes to addressing these issues is 
generally to improve the automatic range prediction and provide 
better route guidance by adding both more data to the calculations 
and tips for alternative routes (Demestichas et al. 2012; Neaimeh 
et al. 2013). In such approaches, trust in the information is the key 
to reducing range anxiety (Hoff & Bashir 2015; Lee et al. 2004; Xu 
et al. 2014) and improving user experience (Lee et al. 2004). This 
means that range display or range estimation provided to the 
driver needs to be reliable and trustworthy (Birrell et al. 2014; 
Strömberg & Andersson 2011; Neumann & Krems 2015). 

However, such approaches always require the system to know 
the full travel plan of the driver, otherwise the system needs to rely 
on qualified guesses. I have highlighted and argued for more 
transparency in range estimations so that the driver could 
understand why the estimations vary to such a large extent (see 
Paper C), which is shown to bring confusion and surprises to 
drivers, leading them to call the range estimation the “guess-o-
meter”. This has also been highlighted by Franke and Krems who 
put forward that subjective range competence, which they define 
as the “skills to control range-influencing factors as well as 
predicting remaining range under different conditions” (Franke, 
Rauh, et al. 2015), is one of the key factors for drivers to manage 
driving range. This along with route familiarity and reliability of 
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range displays are what they highlight as important areas to focus 
on to reduce range stress. A crucial need for being able to assess 
trustworthiness of technology is to be able to perceive and evaluate 
important elements of the system itself (Xu et al. 2014). 

In a recent study based on analysis of real electric driving by 
Birrell et al. it was also concluded that range estimations were 
approximately overestimated by 50 percent and that driving style 
had the largest impact on driving range (Birrell et al. 2014). They 
also conclude that “what intelligent systems will not be able to 
control will be the driver behind the wheel, as the human is still 
the biggest factor for increasing the available range of an EV”. 
Assuming that there is a human behind the wheel, for autonomous 
cars the plan and driving behaviour would be in the hands of the 
system. However, it is important to highlight that then the system 
might treat the passengers in undesirable ways, causing other 
types of uncertainties and stress. For instance, if the system 
decides to drive slowly to make the journey possible – by extending 
the driving range – the passengers might become frustrated if not 
informed why this is happening or because they would not reach 
their destination in time.  

Interestingly, the relevance of dealing with aspects like driving 
speed and climate control have also been picked up by experienced 
drivers. As an example, drivers of the electric car Nissan Leaf have 
developed a spreadsheet1 for estimating remaining driving range in 
addition to the simplistic estimation provided in the car (Paper C). 
This indicates a need for information about how driving behaviour 
and other aspects (e.g. driving speed, driving style, topography, ice, 
snow, passengers, luggage, temperature) affect driving range. It 
also demonstrates a potential for drivers to more actively take 

                                                        
1 Nissan Leaf Range Chart - http://www.mynissanleaf.com/viewtopic.php?p=101293 
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control over their remaining driving range. This is especially 
interesting when driving on low battery or when attempting to 
reach a destination on the edge of the electric car’s capabilities. 

Therefore, it is relevant to investigate how drivers could better 
handle the limited driving range and how to design the interface of 
the electric car so that it appropriately represents this new and – to 
many – unfamiliar technology (Strömberg & Andersson 2011). 
However, while research has repeatedly pointed this out, little has 
been done to systematically explore what alternative designs might 
look like and what information could be valuable to drivers.  

The first design challenge is to figure out what is needed for 
drivers to be able to manage and be in control over the battery 
while driving. This also requires us to look into the causes of these 
difficulties and why drivers struggle with the current driving range 
and battery displays. For instance, what aspects do the displays 
miss and hide? The second design challenge is to figure out useful 
and understandable design concepts that help drivers to overcome 
and handle these issues.  

This is a difficult design challenge as there are many interrelated 
and complex aspects behind energy consumption in electric cars, 
which creates a difficult tension between simple, black-boxed and 
less informative displays – where all aspects are hidden from the 
driver – and more complex and informative displays that might be, 
due to the complexity, too difficult to both design and for the 
driver to understand. A further complication is that studies have 
shown that drivers have difficulties understanding measures of 
energy (Neumann & Krems 2015) such as kilowatt-hours. This 
additionally poses the question of how to design useful displays 
without using technical terms. 
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3 Method 
In the following sections I will start by giving an introduction to 
Constructive Design Research, which has been an important part 
of my general methodological approach. Then I will provide a 
methodological overview of my work and a brief description of my 
research process. 

3.1 General approach: Constructive Design Research 
Constructive Design Research (CDR) (Koskinen et al. 2011) stems 
from the general methodological idea of using design as an active 
element in the research process, so-called research-through-design 
(RtD) (Frayling 1993). While many different fields have adopted 
RtD, the term does not lend a unified and formalised description of 
how to actually conduct RtD, which has been a topic for discussion 
within HCI in recent years (Fallman 2003; Fallman 2008; Fallman 
2007; Fallman & Stolterman 2010; Zimmerman et al. 2007; 
Zimmerman & Stolterman 2010; Koskinen et al. 2011; Gaver 2012; 
Sengers & Gaver 2006).  

In HCI, RtD has been described as research characterised by an 
underlying “design-attitude” (Fallman 2007)  or a “perspective of 
design thinking” (Zimmerman et al. 2007). It has also been 
described as “a research approach that employs methods and 
processes from design practice as a legitimate method of inquiry” 
(Zimmerman & Stolterman 2010). Additionally, RtD has been 
argued to be a useful approach to address so called ‘wicked 
problems’ (Rittel & Webber 1973). Wicked problems are problems 
not easily addressed using science or engineering methods, i.e. 
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societal problems such as over-consumption of energy and air 
pollution. 

However, to be categorised as RtD, there is a consensus that 
something needs to be designed as a part of the research process, 
which may be either a prototype or a concept. Sometimes, the 
research findings are derived directly from the realisations 
emerging from the design process. For instance, Fernaeus and 
colleagues (Fernaeus et al. 2008) reflected and criticised the 
established theory of tangible interaction that they found 
conflicted with the practicalities of their design case. Another 
common way of using design in RtD is to use the design as the 
basis for a (user) study. This can be done in many different ways, 
ranging from user studies on designs (see e.g. (Jacobsson et al. 
2008; Gyllenswärd et al. 2006; Bourgeois et al. 2014; Holstius et 
al. 2004; Ferreira & Mcgregor 2015; Froehlich et al. 2009; 
Bonanni et al. 2005)) to designs aiming to provoke thoughts and 
reflection (see e.g. (Purpura et al. 2011; Mazé & Redström 2009; 
Mazé & Redström 2008; Backlund et al. 2007; Bardzell et al. 
2012)). An alternative and common strand of RtD is to research 
new areas and technologies by exploring new design spaces 
(Hallnäs & Redström 2001; Mazé & Redström 2008; Backlund et 
al. 2007).  

The notion design space is a commonly used term within design 
research to describe a complex multi-dimensional space containing 
an endless number of design proposals that would be regarded as 
worthwhile using by people in relevant contexts (Westerlund 
2009). The design space is a useful tool for designing, 
understanding design processes, and understanding a problem. 
Therefore, exploring new design spaces - often referred to as 
opening the design space – is a common activity in design research 
(Moussette & Banks 2011; Sahami et al. 2008; Pierce & Paulos 
2012b; Ferreira & Mcgregor 2015; Lundström 2014; Lundström et 
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al. 2012; Holstius et al. 2004; Backlund et al. 2007; Mazé & 
Redström 2008; Froehlich et al. 2010; Fernaeus & Lundström 
2014; Fernaeus & Lundström 2015; Hallnäs & Redström 2001; 
Gaver 2012; Juhlin 2010; Sundström et al. 2011; Sengers & Gaver 
2006; Gaver 2011; Vallgårda 2013; Bowers 2012; Sengers 2011; 
Belenguer et al. 2012). 

However, the term RtD and how Frayling originally presented it 
has been criticised for being vague and lacking both sufficient 
theory and practical guidance (Koskinen et al. 2011). This together 
with the fact that a large body of RtD work has been conducted 
since 1993, was picked up by Koskinen et al. in their book Research 
Through Design Practice from 2011 (Koskinen et al. 2011). In the 
book they examine how RtD is conducted within the overlapping 
fields of interaction design and industrial design. However, since 
RtD has been adapted by many different research fields, 
interpreted in countless ways, and the term overemphasises the 
role of design in the research process, they instead decide to use 
the term Constructive Design Research. They define Constructive 
Design Research as “design research in which construction — be it 
product, system, space, or media — takes centre place and 
becomes the key means in constructing knowledge” (Koskinen et 
al., 2011, p.5).  

It is clear from their book (Koskinen et al. 2011) that 
Constructive Design Research concerns work where something is 
being actively designed as a means for knowledge production, but 
the design and the design process is a part of a larger 
methodological patchwork, where the artefact is used as a means 
for learning in the lab, field or in the showroom. In each of these 
settings, data collection is commonly done using research methods 
such as interviews, video and observations, with a frequent 
reliance on video.  
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In practice, it is central in constructive design research to 
reframe problems and design proposals through an iterative 
process. Typically this involves activities like ideation of design 
concepts, refining and expanding ideas, and exposing these ideas 
to relevant peers. In this process, the researcher articulates and 
presents design work to researchers and peers, thereby the 
problem and design gets tested, refined and criticised in larger 
contexts. However, an essential difference in the academic context 
of using design as a method for knowledge production, rather than 
to produce solutions, is that in the academic context the researcher 
needs to articulate the knowledge produced, typically in peer 
reviewed research papers. It is also central to CDR to understand 
that design is just a part of the research process and needs to be (at 
different steps) combined with other methods. For instance, field 
studies can be a good starting point, (user) studies and design 
interventions may be necessary to ground the work in reality, and 
giving shape to findings and interpreting the implications for 
design drawn from interviews may be another role of design in the 
CDR process.  

A central aspect of CDR is to treat it as an overarching research 
activity and not as a method for an individual study. An 
articulation of how to work methodologically on that level has been 
proposed by Redström in what he calls design research 
programmes (Redström 2001). A design research programme is a 
framework for conducting research in a targeted area by using 
experimental design as a tool to look into problems poorly 
understood at the outset. This general description on how to 
execute a design research programme can be found in Redström’s 
thesis where he defines the following iterative steps: 

i) formulating a design programme;  
ii) realising the programme by designing, implementing and 
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evaluating design examples 
iii) reflection and formulation of results, e.g., reporting on the 

experiences gained, formulating new working hypotheses, 
reformulating the design programme. 

A key aspect of the approach is to move from a more abstract 
understanding into something more concrete over the course of 
the process. However, Redström is explicit that the approach is not 
primarily concerned with iterative refinement of particular 
prototypes. On the contrary, the main interest is to advance the 
problem formulation and understanding of the topic by gradually 
moving from the general into something more specific. This might 
entail a multitude of different design experiments in order to 
investigate the research area.  

A central motivation for using design as a part of knowledge 
production is that a materialised concept or idea can penetrate and 
investigate new previously unexplored terrain by provoking 
subjects otherwise hard to discuss (Mattelmäki 2006; Gaver et al. 
1999). Gaver (2011) has highlighted the central role of a design 
proposal in design-oriented knowledge production in the sense 
that it directs attention and opens a rich space for association “a 
single design proposal, when expressed with a requisite openness, 
can hint at a range of possibilities as it occasions people's 
speculation about the functions it might offer, how it might be 
realised, the circumstances in which it might be used, and the 
sorts of experiences and values it might serve” (Gaver, 2011, p. 4). 
This puts design-thinking and design of research artefacts centrally 
in the research process as it becomes important to attune the 
design proposal to the specific research topic in order for people 
and researchers to direct attention and association towards the 
topic at hand. This clearly alters the design intention from 
designing a solution to designing a targeted inquiry, although the 
targeted inquiry might be of an open-ended nature as well. This 
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also alters the conception of a “failed” design from being a useless 
product into a design not provoking the answers sought for.  

A fundamental concern when it comes to producing knowledge 
is the very basic question of what new knowledge really is. In his 
book “Kunskap i handling” (Translation: Knowledge in Action), 
philosophy of science scholar Bengt Molander uses authors like 
Schön (Schön 1983) to build an understanding of knowledge as a 
form of attention (Molander 1996) (a more recent edition in 
English (Molander 2015)). What this essentially means, is that new 
knowledge has been produced if the researcher has been able to 
direct attention towards new ways of understanding not previously 
exposed. This is an open definition of knowledge that invites many 
types of knowledge contributions. It is also a challenging definition 
as it requires researchers to articulate, argue, and motivate what 
has been found in the research process, regardless of what type of 
empirical data it is drawn from. Thus demanding that the 
researcher can demonstrate that the contribution is novel to the 
community and articulate its value. 

3.2 Overview of research process 
During the majority of my studies, I have considered my work as 
being under the open umbrella of RtD. This has entailed using 
design as a central part of my research and I have seen each design 
as an opportunity to ask specific questions of interest. However, 
late in my studies, I realised that a better description of my work is 
CDR (Koskinen et al. 2011), especially as I have used design in 
combination with a plethora of other methods, including 
interviews, contextual interviews, field studies, lab studies, design 
experiments, parallel design, lo-fi prototyping, hi-fi prototyping, 
field tests, field trials, in situ experiments, role-playing, sketching, 
observations, simulations, state-of-the-art analysis, think-a-loud, 
diaries, and online discourse analysis. 



METHOD | 35 

 

On an overarching level, this has manifested itself as a long, 
iterative design research programme (Redström 2011; Redström 
2001) commitment towards researching explicit driving range 
issues of electric cars from a people and design perspective. This 
design research programme and the explicit issues of focus have 
gradually been refined and reformulated through the process by 
means of a series of targeted design experiments and studies. In 
short, the initial design research programme concerned designing 
for improved range estimations, then it progressed into tactics for 
reaching a destination, and finally became about empowering 
drivers by surfacing inner energy mechanisms (see Figure 1).  

Figure 1. Overview of research process and how the design research programme 
and focus changed between the papers. The idea for Paper D emerged from my other 

work and was briefly reflected upon in relation to the results in Paper E. 
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My CDR process started with a design exploration of the value of 
adding new aspects (topography, speed limits, and weather) to 
map-based driving range visualisations. This was not more 
carefully chosen than that it simply appeared to be an interesting 
new angle worth exploring and to start researching. Following this 
study, the focus and the different aspects have been more carefully 
chosen and differ for all prototypes and studies based on results 
from previous studies and design. This has been important in 
order to complement earlier studies and to drive the research to 
focus on more prominent aspects and challenges as understanding 
of the problem was deepened. For instance, following up on the 
first study and through findings from a field study, I began to 
realise the importance of looking at driving behaviour in addition 
to the initial focus on aspects such as topography. Later prototypes 
and studies gradually became focused on what was identified as 
the key aspects (the relationship between driving range, driving 
speed and climate control) that the driver needed to understand 
and actively work with to manage the battery. This transition 
through the larger CDR process demonstrates an overarching 
iterative research progression.  

Let’s have a brief overview (Figure 1) of my studies before going 
into a more detailed walk-through of the process. In the first study, 
we had participants role-play their everyday life in a lab setting 
(Paper A). In the second study I conducted field studies where I 
also used the first prototype as a basis for discussion (Paper B). In 
the third study I analysed the driving range issue from a design 
perspective and conducted a design experiment (Paper C). In the 
fourth and fifth study we had participants use prototypes in real 
driving situations (Paper D and E). This was done both in a more 
controlled fashion by having them complete a staged but familiar 
everyday scenario (Paper E), and in a less controlled way by having 
people use a prototype on their own over the course of a week 
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(Paper D). Documentation for analysis was mainly acquired in the 
form of videotaped interaction (Paper A and E), recorded 
interviews (Paper A - E), discourse in online forums (Paper C), 
diaries (Paper D), field notes and photographs (Paper B), as well as 
design process (B and C) and concepts (Paper A, B and C). 

My research on electric cars began with a map-based 
representation of the driving range of electric cars and making it 
into a web-based tool for simulated driving that we then used for 
an initial study (Paper A). In a lab setting, we recruited people with 
a driving license who had no electric vehicle experience. This was 
an early and formative study and the purpose was to use the design 
as a vehicle for targeted reflection and make the participants talk 
about their understanding of driving range and how they would 
manage different familiar scenarios. In this way the design was the 
enabler of exploring these scenarios through informed role-playing 
of everyday life. The visualisation was unique at the time as it 
uncovered how driving range was influenced by speed limits and 
topography through its visual representation on a map. The 
difference to state-of-the-art map visualisation was that the visual 
range representation became a polygonal area of driving range, 
instead of a plain and simplified circle, due to how topography and 
speed limits influence energy consumption.  

Following up on this lab study, I made a field study where I met 
two experienced electric car drivers. Each meeting consisted of two 
parts, in the first part I interviewed them about the electric car 
practice and what difficulties they were encountering, I also 
demonstrated the tool that we had developed and asked for input. 
While they found it interesting and useful, it did not yield any 
substantial additions to what was already learned in the previous 
lab study. In the second part, I conducted contextual interviews 
when they were driving and demonstrating their electric car. 
Because one participant demonstrated a useful battery 
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management tactic in practice, I came to realise the need to 
account for driving speed and style when driving on a low charge, 
as these aspects have such a large impact on the driving range 
while also being controllable by the driver. In Paper B, we 
therefore reported this tactic and provided a design experiment of 
how such tactics could be materialised through design.  

This finding made me continue to look at what other aspects 
have a substantial impact on driving range and were controllable 
by the driver. One part was to look at what people were saying 
about existing driving range tools and the difficulties they 
encountered in the interviews and on online user forums regarding 
electric cars. From this analysis, it became clear that the 
estimations of driving range that were provided were not 
sufficiently trustworthy and reliable as they fluctuated while 
driving and caused surprises and confusion. My conclusion was 
that these failed to communicate to the driver how some of the key 
factors (driving speed and climate control) influenced driving 
range. This led me to design a visualisation aiming to reveal these 
aspects and the compromises at stake to the driver as an 
illustration and explanation of my analysis. This analysis and 
process were published in Paper C. 

Following up on this design, I decided to set up a study in which 
I planned to use this particular design as a means for 
inexperienced electric car drivers to manage and reflect on battery 
management in a real driving situation (Paper E). The task was to 
drive a predefined route using a limited amount of battery with the 
visualisation as a support. The drive was video-taped and followed 
by an interview focusing on their experiences from the drive and 
the difficulties they encountered. This setup was important in 
order to learn more about the driving situation with respect to the 
particular aspects revealed by my design (the relationship between 
driving speed, driving range and climate control).   
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A parallel but related track was that we started to understand 
how worries about driving range appeared to be lower for 
experienced drivers, as they develop ways of managing the 
shortcomings of the technology. This is also the reason why we 
generally focused on inexperienced drivers and how, as beginners, 
they managed electric cars, since this is the point where differences 
and difficulties are easiest to observe and most crucial to address 
in order for people to become interested in potentially replacing 
their combustion engine car with an electric car. However, a more 
surprising observation was that many sceptics appeared to have 
little or no experience of electric cars at all; they simply seemed to 
be afraid of new technology and its implications on life. With this 
as a motivation, and as an attempt to increase electric car literacy, 
a smartphone app was designed that could simulate the battery 
level of electric cars using the built-in GPS when driving a regular 
combustion engine car. We then studied how people perceived, 
assessed and learned about electric cars by having participants use 
the app for a week while keeping a diary of the journeys they took 
and thoughts that emerged (Paper E). Their experiences and 
discoveries during the week were followed-up with interviews in 
which we used their diary to walk through their week.  

At the time when we moved from a focus on geographical data 
aspects for improved predictions (Paper A) into a focus on battery 
management in relation to behavioural aspects such as speed and 
climate control, I started to realise that this is a problem of 
managing compromises. This realisation together with the fact that 
I was funded by energy money, made me begin a journey of 
attempting to describe the phenomenon and challenges at stake 
from an energy perspective. This process has been made up of an 
analysis of the practicalities and challenges encountered and 
described earlier from an energy perspective. The main reason why 
this felt important was that I struggled to put into words and 
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describe what was going on in my case, and the HCI energy 
literature did not shed any satisfying light on the issue either. In 
Paper F and this thesis I make the leap from my cases to 
abstraction, but this does not come out of nowhere, I use words, 
conceptualisations, approaches and articulations needed to explain 
real aspects of my case. 
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4 Summary of Papers 
The following section presents the papers that constitute the basis 
of this thesis. There are six papers in total, where Paper A-E are 
electric car studies and Paper F is a meta-reflection on energy 
drawn from my work on electric cars. 

4.1 Paper A: Enough power to move – dimension for 
representing energy availability 
Full paper presented at the 14th International Conference on 
Human Computer Interaction with Mobile Devices and Services 
(MobileHCI'12), September 21–24, 2012, San Francisco, USA. 

Authors: Anders Lundström, Cristian Bogdan, Filip Kis, Ingvar Olsson 
and Lennart Falhén. 

4.1.1 Background and aims 
This was our first study in the domain of electric cars focusing on 
driving range visualisations with the aim of exploring how more 
nuanced driving range visualisation could aid people in 
understanding electric cars. In our design process, we had noticed 
that most driving range estimation tools just provided the driver 
with a single calculated number for remaining driving range. 
However, at the time Nissan Leaf had introduced a map-based 
visualisation showing driving range as a circle on a map. In our 
analysis, we concluded that the Nissan Leaf driving range 
visualisation did not account for geographical factors that made 
the driving range vary to a large extent, such as topography and 
speed limits, which in turn would be particularly important in hilly 
areas. Therefore we decided to explore the topic by building a tool 
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with a more refined algorithm accounting for these dimensions. 
The result became a tool to role-play electric car driving with our 
visualisation in a web browser (Figure 2a). Today, a similar 
visualisation is included in BMW electric car interfaces that 
accounts for topography2.  
4.1.2 Method 
We invited five experienced conventional fuel car drivers with no 
electric car experience for an opening study. In the study the 
participants got to identify and role-play four different scenarios 
using our design (Figure 2b for context of the study). The scenarios 

                                                        
2 BMW ConnectedDrive - http://www.bmw.com/_common/shared/newvehicles/i/i3/2 

013/showroom/connectivity/bmw-i-navigation-02-en.jpg 

 

Figure 2a. Map-based interactive visualisation used for exploring energy management in 
real-world scenarios of driving electric cars.  
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were derived from their own driving practice during the study 
under the guidance of scenario themes. More precisely, they had to 
role-play going to work under different circumstances, using the 
car for typical car-dependent weekend activities, and using the car 
for a longer, and for them typical, holiday trip. After the role-play 
we followed up with additional questions. The sessions lasted 
between 30-90 minutes.  

The purpose of the study was to use our designed tool to extend 
our understanding of current driving practices among ordinary 
fuel car drivers, explore mobility aspects, identify future challenges 
in electric car usage, get feedback on our design concept, and 
explore new ideas and challenges. There were many reasons for us 

Figure 2b. Illustration of the tool (in Figure 2a) in the context of the study. 
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choosing this approach, where the most prominent was that it was 
possible to investigate many typical everyday scenarios that would 
otherwise take months to explore in real life, which also was 
practically impossible since we did not have access to any electric 
cars at the time. Another reason for choosing this is that it allowed 
us to explore the application area much earlier than we could have 
done if building an in-car prototype. Following this study, that 
raised interesting questions on energy availability, we engaged 
with a design process in which we explored how energy availability 
and infrastructure could be expressed through map visualisations. 
The results became maps that provided a visual picture of how 
electric car driving range is connected to infrastructure and 
mobility.  
4.1.3 Results: a map-based interface exposing driving range 

relative to topography and speed limits  
In addition to showing values of using more nuanced map-based 
range visualisation accounting for topography and speed limits, we 
used our results to argue for a focus on energy availability 
visualisations in mobile settings. This argumentation we 
constructed by showing how energy maps could be designed to 
reveal different aspects of electric car mobility related to Public 
and Private Resources, Current and Future States and Energy 
Forecast. These suggested maps might be crucial in understanding 
electric cars from a larger perspective in terms of how they would 
practically function in society using private (e.g. home, family, and 
friends) and public charging stations. For instance, the suggested 
visualisation directly reveals the outer bounds of mobility, 
unreachable areas, density of charging stations. If connected to 
smarter infrastructure, social media, weather, and geographical 
data, it could also reveal temporal aspects such as the influence of 
broken charging stations, how things such as social life and the 
weather influence mobility. In addition, these maps become 
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unique depending on the properties of the specific electric car, as a 
car with shorter range has a smaller energy mobility map than a 
car with a longer driving range. In general, we came to see how 
portraying driving range in this manner and exposing the complex 
interplay of factors consuming the battery, was an underexplored 
potential solution that could help our participants answer many of 
the questions that arose in the role-play study.  
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4.2 Paper B: COPE1 – Incorporating coping strategies 
into the electric vehicle information system 
Note and interactive demo presented at the 4th International 
Conference on Automotive User Interfaces and Interactive 
Vehicular Applications (AutomotiveUI ’12), October 17–19, 2012, 
Portsmouth, NH, USA. 

Authors: Anders Lundström and Cristian Bogdan. 

4.2.1 Background and aims 
Continuing on from our first study (Paper A) with inexperienced 
drivers, we decided to talk to experienced electric car drivers about 
our work and explore how they manage driving range in their 
everyday lives. The aim was to look for difficulties and challenges 
to engage with further and to get a better understanding of the 
context and what might emerge in real electric car driving. This 
was judged as important as we hypothesised, and had indications 
from research, that experienced electric car drivers, in contrast to 
inexperienced drivers, might develop ways of dealing with the 
limited driving range. We also found it important to observe 
potential tacit strategies and details that they were using. Neither 
of these aspects was possible to capture in our first lab study. 
4.2.2 Method 
This was a full day field study where I individually met two electric 
car drivers with 2 and 5 years’ experience of owning and driving 
electric cars. Both could be considered early adopters of electric 
cars and they were involved in various electric car interest groups 
and in the development towards a more electrified transportation 
fleet. Both were board members of the Swedish national electric 
car interest group3 and one had created a website that displayed 

                                                        
3 http://www.elbilsverige.se/ 
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available charging stations in Scandinavia4. During each meeting 
we both went driving and discussed their electric car practices. As 
things unfolded with one of the participants, and as an impromptu 
attempt to get into a real driving situation, I asked if he could drive 
me to the airport, which turned out to be just enough of a challenge 
and was a good thing to discuss and learn from, in particular about 
managing situations where the driving range is just about 
sufficient to reach the destination  

                                                        
4 http://www.uppladdning.nu 

Figure 3. Interactive visualisation on an iPad (9.7 inch screen), based on chosen 
destinations defined by the user. 
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4.2.3 Results: continuously comparing with a calculated 
overall mean energy efficiency value 

The main result from the study focused on what happened in the 
critical situation that emerged in the study when I asked one of the 
participants to drive me to the airport. In the situation, tacit 
knowledge surfaced as the subject used and demonstrated a useful 
coping strategy for managing energy consumption and evaluating 
more demanding situations. The strategy he used was to calculate 
a maximum energy consumption figure that he then could 
compare with an average energy consumption value for the trip as 
provided by the interface. Based on this comparison he was able to 
continuously evaluate how he was doing and adjust the driving 
speed to keep it below the computed value. The strategy was 
powerful, but also complicated, as it required calculations (albeit 
simple) and extensive knowledge about the vehicle capacity. It also 
needed to be learnt and remembered. However, our conclusion 
was that it was simple and useful enough to make it into a serious 
interactive tool without the need to know every detail, thus making 
it suitable for all. We then conducted a design experiment that 
resulted in an example (Figure 3) of how such a strategy could be 
utilised in design to support everyday driving.  
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4.3 Paper C: Differentiated Driving Range – Exploring 
a solution to the problems with the “guess-o-meter” in 
electric cars 
Full paper presented at the 6th International Conference on 
Automotive User Interfaces and Interactive Vehicular 
Applications (AutomotiveUI ’14), September 17–19, 2012, Seattle, 
WA, USA. 

Authors: Anders Lundström.  

Figure 4. Interactive visualisation with dynamic range predictions installed in electric car 
while driving 
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4.3.1 Background and aims 
Starting from research and general observations that electric car 
drivers struggle with managing their battery using existing 
instrumentation, in the next step of our research endeavour we 
wanted to address these challenges more concretely. The purpose 
was to explore and suggest alternatives to the prevailing and 
simplistic “distance left to empty meter”-visualisations, as we at 
this point had a hunch (based on the studies in Paper B) that those 
failed to account for important driving range effects. In fact, they 
were commonly referred to as the “Guess-o-meter” among drivers.  
4.3.2 Method 
We began with a pre-study on why people have come to call the 
distance-left-to-empty-meter the “Guess-O-Meter”, where we 
analysed the state-of-the-art of electric car interfaces, conducted 
interviews with drivers, and analysed the discourse by electric car 
drivers in online user forums. Based on this analysis we concluded 
that the distance-left-to-empty-meter was poor at taking account 
of aspects such as driving style, driving speed and use of climate 
control. We therefore decided to engage in a design experiment 
where we aimed to visualise and make these factors visible to the 
driver, presuming that such information would prevent surprises. 
In the design process we worked technically with developing a 
prototype and calculating energy relations.  
4.3.3 Results: visualising dynamic range predictions  
In addition to the identification of a concrete issue with the typical 
approach of improved driving range interfaces by improving the 
existing prediction, I analysed and articulated potential underlying 
causes turning the distance-left-to-empty-meter into a  “Guess-O-
Meter”. Based on this articulation, my main results became an 
alternative novel visualisation concept (Figure 4) that revealed the 
most important aspects affecting driving range and how they 
interact with each other. This presentation not only explains how 
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behaviour is directly intertwined with battery use, which is crucial 
for learning and managing the mechanisms of electric cars, but 
also brings to the fore central compromises and trade-offs for the 
driver to balance and judge in different driving situations. In 
Figure 4, the visualisation shows how driving range varies with the 
speed for each bar. The grey bars show the driving range if the 
climate control is turned off and the green bar the driving range 
with the current climate control setting.  

The visualisation makes it possible to “read” the compromises 
involved related to these specific aspects and take decisions in 
relation to needs. For instance, drawn from Figure 4, if you need to 
drive 70 kilometres then you need to turn off the climate control 
and stay between 20-60 km/h. This a tough challenge that 
assumes a steady speed and might require some extra safety 
margins to account for variations, these potential variations are 
not visible in the visualisation. This result also challenges the 
current electric car dashboard designs and suggests an alternative 
agenda of research and development. An interesting additional 
realisation made through this is how climate control usage 
interacts with the optimal speed for reaching as far as possible, as 
more climate control usage pushes the optimal speed for energy 
efficiency (eco-speed) upwards. This might be crucial information, 
as driving too slow may reduce driving range. However, in practice, 
this concept might need some improvement, in order to make 
speed averages more visible in the design, for easier assessment. 
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4.4 Paper D: Getting to know electric cars through an 
app 
Full paper presented at the 7th International Conference on 
Automotive User Interfaces and Interactive Vehicular 
Applications (AutomotiveUI ’15), September 1–3, 2015, 
Nottingham, UK. 

Authors: Anders Lundström and Fredrik Hellström.  

4.4.1 Background and aims 
At this point in the research 
process I gradually started to 
realise that in order for people to 
transition from combustion 
engines to electric cars, one 
important step is to let 
presumptive drivers see how an 
electric car performs. This was a 
realisation that emerged from the 
fact that experienced electric car 
drivers learn to manage these 
vehicles without much problem by 
learning how they work over time. 
Hence they also worry less in their 
everyday life (although they still 
have to plan and manage their 
battery and driving range to a 
much bigger extent than when 
driving an ordinary car). This also 
means that practice and 
exploration is a powerful tool in 
overcoming scepticism and unfamiliarity with the technology. As 
there are few who have access to electric cars and letting many test 

Figure 5a. The Virtual Electric 
Vehicle app. The user can see 

battery status, pause/resume driving, 
stop the journey, and “recharge”. 
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them is also unfeasible on a larger scale, instead, I figured that an 
alternative approach could be to create a smartphone app that 
simulates an electric car (Figure 5a). Building such an app was also 
fairly easy for us, as we already had our own libraries for energy 
estimation of the battery level for any electric car provided that we 
had the properties of the vehicle (coefficient of rolling resistance, 
coefficient of air resistance, frontal area, mass, and battery 
capacity). In this paper, we aimed to study how such an app could 
aid the understanding and assessment of electric cars when using 
their combustion engine car. 
4.4.2 Method  
For the study, we recruited 8 participants who were instructed to 
use the app that we designed and built (Figure 5b for use in 
context) over one week when driving their ordinary combustion 
engine vehicle. During the week they took notes about the battery 
level and destination at the beginning and end of each trip. They 
were also instructed to document questions and thoughts that 
emerged during the week. We also scheduled a 30-minute follow-
up semi-structured interview in which we asked about their 

Figure 5b. The Virtual Electric car used in context. 
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understanding and attitude towards electric cars, how an electric 
car would work in their life, what issues and uncertainties still 
remained, and how they understood the battery and driving range. 
All interviews were recorded and transcribed. The interviews were 
then thematically analysed for general themes based on lessons 
learnt and understandings of electric cars from a battery and 
driving range perspective. The focus was not primarily to extract 
new directions for electric cars, but to research how the app could 
broaden the understanding of electric cars when used alone. 
4.4.3 Results: learning about electric cars’ driving range is 

also learning about one’s habits 
Our results demonstrate how a simulation app like this could be an 
effective tool for people to assess electric cars in a broad sense, as it 
created both a multifaceted engagement with electric cars, and 
triggered a learning process on technology, infrastructure and 
charging. This demonstrated how a seemingly small piece of 
information – battery level – could trigger a whole range of other 
considerations, such as where to charge and how long driving 
range is in practice. This is important as the purpose with the app 
is primarily for people to explore electric cars by themselves. In the 
paper, we also highlight that assessing one’s own personal driving 
needs and habits might be equally important as learning about 
electric cars and infrastructure, as this is essentially what 
determines if the car is good enough and what compromises might 
be needed in comparison to combustion engine cars. Interestingly, 
today the emphasis is more often on explaining the technology. 
Another finding was that it quickly became easy for our 
participants to utilise the battery level percentage as a tool for 
assessing the feasibility of trips, as it was easy to learn and subtract 
percentages for different routes. While some electric cars do 
provide the driver with a battery percentage, many still tend to use 
bars or kWh and we suggest that a strategic shift from a kWh and 
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bar perspective to a percentage-perspective might be a beneficial 
move in order to aid learning processes. We also identified several 
uncertainties causing worries among presumptive electric car 
drivers that should be clarified to prevent misjudgement.  
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4.5 Paper E: Electric driving on the edge – the 
necessities of (re)planning,  (re)assessment, and 
reconfiguration 
This manuscript is currently in submission to the Springer 
journal Transportation. 

Authors: Anders Lundström, Hanna Hasselqvist and Cristian Bogdan. 

4.5.1 Background and aims 
In a continuation of the study presented in Paper C, we revisited 
our visualisation that provided a more nuanced presentation of the 
compromises involved when driving, in context of use. The aim 
was to learn more about what information and tools might be 
needed at different stages when managing critical situations. In 
this study, we wanted to set up and challenge people with a critical 
but manageable situation in order to get closer to those needs in 
the context of driving. We felt that getting into a real electric car 
was a crucial and complementary step in our research to better 
understand this context and the challenges that emerge for 
inexperienced drivers.  

As critical situations are rare and cannot be planned, perhaps in 
particular the first critical experiences, together with the fact that 
there are few electric car drivers out there to begin with, these 
situations are hard to capture in the wild. Typically, we have been 
dependent on retrospective accounts (as were used in Paper C) 
when studying these situations, apart from the critical situation 
that emerged with the experienced driver in Paper B. As 
researchers we were therefore unable to see details and analyse 
what is actually happening and what might be needed to make 
thing easier and aid in the transition to becoming an electric 
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driver. The purpose of the study presented here was to get at such 
details. While real crisis situations might have added other 
dimensions, we decided that engaging with arranged situations 
would still reveal relevant practical and useful details about battery 
management, as those aspects would be the same in other critical 
cases as well.  
4.5.2 Method  
To explore our topic, we put our more nuanced driving range tool 
(see Figure 4 above) into an electric car (a Mitsubishi i-MiEV) and 
let people complete a driving task based on a fictional but 
recognisable scenario using a manipulated and critical amount of 
battery in real traffic (see Figure 6 for context and setup). We 
began by recruiting 2 participants for a pilot test in order to adjust 
the scenario and challenge. Then we recruited another 10 
participants in the age span of 20-70 years with no prior electric 
car experience. They were recruited using flyers put on the 
windscreens of cars in the proximity of the university. We 

Figure 6. Study setup. Participant driving with the app attached to the windscreen 
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hypothesised that people parking near the university might be 
presumptive electric car drivers, curious about their capacity. We 
wanted to focus on their issues and responses rather than, e.g., the 
opinions and thoughts amongst those sceptical to electric cars.  

Each study lasted for 1 hour following a script with: (1) pre-
questions, (2) consent, (3) walkthrough of the car and app, (4) 
presentation of the scenario and walkthrough of the route, (5) 
information about safety and attitude towards the app while 
driving, (6) driving with direction guidance and thinking out loud, 
and finally (7) open-ended questions about their experience and 
the information given by the car and the app. During the driving 
task a researcher sat in the passenger seat to provide route 
guidance so that the participants could focus on managing their 
battery level and role-play the everyday scenario without getting 
lost. The whole event was recorded on video. The material was 
transcribed and thematically analysed. The resulting themes were 
identified through an iterative process where we looked through all 
videos and analysed the transcription by searching for reoccurring 
types and stages of planning, difficulties, and misconceptions. 
After that we looked closer at what actually happened at some 
sequences of interest for our themes to further deepen our 
understanding of each event. With this study setup we used both 
the design and the situation as a vehicle for our participants to 
reflect on the needs and issues arising when driving on a low 
battery level and in a real traffic context. 
4.5.3 Results: reconceptualising what a car is 
Our results show that revealing correlations between driving 
range, speed and climate control can be an effective tool for getting 
to know what an electric car offers. This may be particularly 
interesting as support for car sharing and renting, as people might 
have a different car each time depending on e.g. needs and 
availability. The visualisation also allows people to plan ahead in 
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terms of finding compromises when driving a long route or when 
low on charge. While driving, our design seemed slightly hard to 
use as it lacked distance information on the move. However, as 
soon as that was provided naturally due to the study setup, we 
observed that our participants were able to make (sometimes 
crucial) adjustments to their driving style, both in terms of driving 
more and less efficiently. For instance, the participants that 
needed to drive more efficiently applied strategies such as keeping 
a more steady speed, avoiding stops, lowering their speed in 
general, and turning off the climate control unit.   

This suggests integrating the GPS along with the visualisation to 
continuously support the driver in making adjustments as early as 
possible, to prevent unmanageable situations emerging at the end 
of a drive. In addition, while we have seen opportunities for 
improvement while driving, glancing at the visualisation while 
driving still functioned as a reminder that it was possible to drive 
more efficiently, which might support more eco-friendly practices 
in general. However, many participants still wondered how other 
factors impacted the driving range, e.g. how to brake and 
accelerate, the impact of the radio, charging times, and the fan. 
While the car’s interface should communicate many of these 
aspects, we also see a need to include this kind of basic knowledge 
elsewhere. For instance, this could be learnt in the driving license 
training or when purchasing or renting an electric car. On a higher 
level, we have discussed how small short-term reconfigurations 
(interactions) done by the driver may lead to important long-term 
reconfigurations (intra-actions). This is particularly important 
when drivers of combustion engine cars move to electric cars, as 
they need to reconceptualise the car as something different from 
what they are familiar with.   
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4.6 Paper F: Exergy, Anergy and Intergy – Uncovering 
energy in interaction 
The manuscript in currently in submission as a full paper to the 
10th Nordic Conference on Human-Computer Interaction 
(NordiCHI '16), Gothenburg, Sweden. 

Authors: Anders Lundström, Ylva Fernaeus and Kristina Höök 

4.6.1 Background and aims 
In the process of our constructive design driven work on electric 
cars, we struggled with articulating our issues from an energy and 
interaction design perspective. Therefore we turned to related HCI 
literature in search of answers on how to understand and work 
with energy as a factor when designing interactive systems, but we 
did not find any literature that helped us tackle this and bring 
clarity to our work. One reason for this is that the large majority of 
energy research done within HCI focuses on so called eco-
feedback, with the purpose of persuading people to consume less 
energy through behavioural change. Our work instead concerned 
energy compromises when driving electric cars and thus focuses 
directly on the relationship between energy usage and multiple 
conflicting values provided by interactive systems. Therefore, we 
decided to analyse our own work with the aim of reaching a 
theoretical and practically useful understanding of energy’s role in 
interaction from the designer’s point of view. The purpose was to 
articulate our particular issues as a case to reflect on the larger 
challenge to efficiently deal with energy in the design of interactive 
systems. This is an interesting challenge, especially for design in 
energy demanding mobile settings. 
4.6.2 Method 
This is a meta-level analysis and synthesis of the understanding of 
energy that started to emerge in my work. In this analysis, we used 
our earlier design experiments and struggles with articulating the 
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particular energy challenges in that work as an empirical basis to 
seek a new understanding of energy’s role in interaction. In 
particular, we used terms borrowed from thermodynamics and a 
perspective of energy as a matter connected to real values as a lens 
for analysis. The underlying methods that have generated the 
material that this analysis builds on are presented in each paper 
(Paper A, B, C, and E).  
4.6.3 Results: a vocabulary for energy in the design process 
Our analysis starts from a perspective of energy as a core property 
in interaction and we brought forth several aspects regarding the 
dynamics of energy, also of relevance when designing other types 
of interactive systems. We articulate this understanding through a 
vocabulary borrowed and adapted from thermodynamics, with the 

 
Figure 7. Illustration of energy consumption through the terms Exergy (useful work) and 
Anergy (wasted energy), and what we here call Intergy, fluctuating with interactions. 
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terms exergy (useful work) and anergy (waste), along with a new 
term intergy, to emphasise how these notions often fluctuate in 
interaction over time (Figure 7). This vocabulary aims to bring 
specificity to different types of energy challenges when designing 
and building interactive systems. Finally, we reflect on energy-
sensitive interaction as an approach to analyse and improve energy 
use in relation to the sought values of user experience and 
interaction. From our case, we have seen how these values, intergy, 
may conflict and promote difficult compromises; therefore they 
may need to be addressed concretely with design by revealing 
inner energy mechanisms and thereby empowerment users to 
mange these compromises. We also show how addressing intergy, 
or what we call designing energy-sensitive interactions, has 
relevance for interaction design more generally. Importantly, 
working with energy as discussed in this paper is not only useful 
for addressing the important issues of energy in terms of 
environmental sustainability, but also to improve overall system 
functionality and experience.  
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5 Discussion 
Before moving on to my conclusions, I would like to discuss the 
outcomes and contributions to 1) energy management in electric 
cars, 2) how design energy-sensitive interactions by addressing 
intergy 3) how energy should be seen as a felt experience 
intrinsically tied up with the interaction, 4) at what level my design 
work has played a role in creating a more sustainable future, and 5) 
some methodological reflections. 

5.1 Energy management in electric cars 
Throughout my research I have addressed battery management 
anxieties for electric cars through design. Through my design 
driven process, the concrete designs gradually led to a shift in my 
understanding of the underlying issues: I went from a focus on 
making accurate predictions and visualisations into focusing on 
energy management and driver empowerment. In this way, my 
results shift the attention to the role of the driver in driving range 
management. Instead of only striving for an accurate and reliable 
distance-left-to-empty-meter, my work emphasises the need to 
empower the driver to make crucial decisions concerning plans 
and driving behaviour – as I argue that they are the only ones who 
can make the correct compromise in the specific situation. This 
requires that the driver is in an informed position vis-à-vis the 
energy mechanisms of the vehicle and is provided with the right 
tools to plan ahead, as well as to follow and dynamically reassess 
plans while driving.  

The work presented in this thesis investigates several different 
aspects of the energy mechanisms of electric driving. In Paper A we 
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looked into the impact of topography, weather and speed limits 
and how those factors could be revealed in the interaction with the 
driver through a map-based visualisation. Then, we realised that it 
would still fail to account for one of the largest factors of driving 
range variations, which is driving behaviour. This was further 
strengthened after I encountered a strategy for continuous 
assessment used by an experienced electric car driver (Paper B), 
which we looked at converting into a useful design tool to support 
everyday driving between usual locations.   

Following up on that work we reframed our design challenge to 
focus on what we came to understand as the main challenge for 
improved battery management, which was to uncover how 
behaviour affected driving as an active asset for battery 
management. As a reminder, the driving range is reduced by up to 
50 per cent if the driver changes speed from 60 to 120km/h. 
Similarly the driving range is reduced by up to 50 per cent if the 
climate control is on. This is why I designed a visualisation aiming 
to reveal the inner mechanisms in the form of the concrete 
correlations between driving range, driving speed and climate 
control (Paper C). The designs presented in this thesis have all 
demonstrated practical usefulness for assessing the feasibility of 
different trips. This shows how they could aid the energy 
management process by highlighting different aspects affecting 
driving range needed to support planning and assessment. They 
have also demonstrated the learning required to become an 
informed electric car driver.  

In addition to focusing on tools for driving, we gradually 
understood how experienced drivers learned to live with and 
manage electric cars over time as their electric car competence 
grew. Therefore we attempted to jump-start people’s driving range 
competence before even driving a real electric car through an app 
that simulates the battery of an electric car while driving a regular 
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combustion engine vehicle (Paper D). In the paper, we reported 
how our participants were able to, early on, estimate the feasibility 
of different trips and assess whether electric cars would work for 
them in their everyday life. Tools such as these might be important 
educational assets for widespread assessment and learning of 
electric cars among presumptive drivers. Based on our results we 
can conclude that the battery percentage provided by our design 
was easy to use to estimate and learn about the driving range, 
illustrating the active role the designed artefact could play.   

Although many of our design concepts reveal energy 
mechanisms and properties of electric cars, there are aspects 
missing, making them inadequate for maintaining energy plans 
while driving (as in Paper A and C). This in turn became obvious in 
the study described in Paper E where we focused on a critical range 
situation in a real driving context. What we could see in the study, 
was that most of the drivers made good initial plans, but did not 
have sufficient tools and information while driving to compare 
their original plan to how they were performing in real-time. Our 
conclusion was that they needed ways to compare the initial plan 
with how they had been driving so far, as well as a comparison on 
how the remaining distance needed to be driven differently to 
reach the targeted goals of the initial plan. This is needed to 
capture overconsumption of energy as early as possible in relation 
to the plan, and then project the implications for the route ahead. 
Interestingly, this was exactly the point of the strategy used by the 
experienced driver that we reported on in Paper B. His strategy 
was to create a figure for comparison that he could use for active 
adjustments and reassessments while driving.  

Again, I would like to highlight that it was the designed artefact 
that made this study possible as it enabled us to stage the battery 
level and steer the discussion to what might be needed in critical 
situations. In the design process, I also deliberately chose not to 
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make GPS direction service applications, as I wanted to direct 
attention to the underlying aspects involved and avoid a “GPS 
focus” in our results. However, I clearly see how the issues arising 
in the driving study in Paper E could be addressed by combining 
e.g. the energy management strategy reported in paper B with a 
GPS based direction service application, which indicates an 
opportunity for future research and development to support 
electric car driving.  

In general, designing for energy management in electric cars can 
be divided into two main strands of work. First, it is important to 
design for learning in order to support the driver to conceptualise 
the vehicle in a good way and gain a so-called subjective range 
competence (Franke, Trantow, et al. 2015). Second, it is important 
to design concrete tools to support electric driving in critical 
situations when it is not enough to just have a general 
understanding of the vehicle, but where details and tangible 
compromises as regards driving behaviour or comfort are 
necessary. This entails both supporting planning and supporting 
drivers in assessing and re-assessing their plans.  

This in turn relates to a problematic aspect of the studies: as 
range anxiety happens only occasionally in real-life settings, I had 
to find a different way to study the phenomena. This is why we 
used staged, imaginative and role-play scenarios, as well as 
discussion of past events with the expert drivers. Using the 
different designs as stimuli was another way I approached the 
range anxiety situation.  The studies can be criticised for not 
studying “real” range anxiety, and thus lacking in terms of what 
can be learnt from drivers’ behaviours. However, the aims behind 
my studies were not to make claims about typical or atypical 
behaviours, but to develop a richer understanding in order to spur 
relevant design. Had this thesis been in psychology or behaviour 
science, I would had chosen a different approach, and also arrived 
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at other outcomes when it comes to making claims about driver 
behaviour. Instead my work concerns design knowledge.  

One relevant question is whether autonomous cars – self-driving 
cars – could circumvent these problems as they know the 
destination and may have an automatic mechanism to adjust the 
driving style to reach the desired destination selected by the 
passengers. Here I like to highlight that uncovering inner energy 
compromises is relevant information and a consideration even for 
autonomous cars as they are equally affected by weather, 
topography, traffic, accidents, jams, driving speed, use of climate 
control, and so on. This means that the behaviour of the 
autonomous car is highly dependent on external factors not 
controllable by the system and it may need to re-plan and make 
serious compromises to attain the goals desired by the passengers. 
For instance, if the passenger turns on the climate control after 
half the trip the system might need to re-plan completely e.g. by 
substantially lowering the speed or by taking alternative routes. 
Why this happens and what the passengers could do about it (same 
considerations as for regular cars) then becomes a key concern that 
needs to be recognised. The same applies to most other aspects 
mentioned above that may affect the plan of the autonomous car.  

The explorations conducted have resulted in new design 
knowledge related to 1) ways of learning key inner mechanisms of 
electric cars by revealing how driving speed, speed limits, climate 
control, weather, and topography affect driving range (mainly 
Paper A, C, E), 2) ways of learning about the driving range of 
electric cars and gain range competence by learning to use these 
inner mechanisms when planning (Paper A, C, E) and by learning 
about typical needs for everyday routes (Paper D), 3) 
demonstrated tools that support planning and assessing the 
feasibility of trips (mainly Paper A - E), and 4) demonstrated 
strategies and suggested tools for supporting continuous 
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assessment and dynamic relationship to initial plans while on the 
move (Paper B and E). As all these contributions are directly 
related to energy management, I have suggested a shift away from 
understanding range anxiety and stress as a prediction problem. 
Instead, I have shown that it is crucial to perceive it as an energy 
management issues that needs better design to empower drivers to 
understand and have control over their driving range.  

5.2 Designing energy-sensitive interactions 
Based on the research on energy when interacting with electric 
cars (Paper A-E), it became possible to articulate several aspects of 
the dynamics of energy relevant to the design of interactive 
systems in general (see Paper F). This led to the articulation of the 
need to design energy-sensitive interactions as an approach to 
analyse and improve energy use in relation to the values of the 
application. The aim with this approach is to create awareness of 
the different ways energy can be classified and used in interactive 
systems, ultimately leading to better design – not only to deliver 
the best user experience to the end-user, but also in terms of 
energy use and waste.  

At the heart of designing energy-sensitive interactions, is a 
vocabulary that brings specificity and clarity to the design 
challenge as it identifies what energy expenditures are necessary 
(exergy) to deliver the user experience sought, what can (and 
should) be removed (anergy) and what is context- and need 
dependent, changing dynamically over time (intergy). Intergy 
constitutes a particular HCI and design challenge that designers 
need to address. For instance, in electric cars, energy expenditure 
on keeping the car on constitutes exergy, rolling resistance is 
anergy, while speed is an intergy that varies and changes over time 
and interaction – and might be best controlled by the driver.  
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The vocabulary aims to specify and narrow down the design 
space. In the case of electric cars, as well as in more general 
interaction design contexts, such as in an operating system of a 
laptop or a new gadget, one main challenge is to deal with the 
intergy at hand, while anergy considerations are more of a concern 
for regular energy efficiency work conducted in engineering and 
more technical design such as aerodynamic, electrical, mechanical 
and software design. The approach purposefully seeks to be 
sensitive to the different uses of energy that a design provides and 
its relationship to the core values of the application, and is 
constituted by a set of ideals to strive for in design. Key activities 
include to: 

—Identify and protect entities of exergy  
—Identify and remove entities of anergy  
—Identify and account for intergy. Some may need to be revealed 

in the design, e.g. through user empowerment 
In Paper F we discuss how energy-sensitive interactions is a 

serious attempt to approach energy in HCI and interaction design 
practices as it seeks to attains broader values related to energy in 
interaction, extending beyond the values sought for in terms of 
sustainability – though these obviously overlap. This is important, 
as treating energy use as something separate from interaction, as a 
side effect that we always need to reduce, conflicts with the general 
interest of the community and the challenges posed in our case. 
For instance, it may also conflict with attempts to use ICT to lower 
overall energy consumption by replacing old habits with new ones, 
similar to how electric cars are an energy efficient replacement of 
combustion engine cars, or video conferencing as an alternative to 
flying (see e.g. Raghavan and Ma 2011).  

In a similar fashion, energy-sensitive interactions could account 
for renewable and non-renewable energy by deeming non-



70 | DISCUSSION 

 

renewable-power as unwanted. This could be done in two ways. 
One way is categorising non-renewable energy as an anergy, which 
could lead to a design that requires environmentally friendly 
energy to function properly. Another design strategy is to 
categorise it as intergy and uncover the quality of the power to the 
end-user to decide whether to use it or not. The argument is that 
we may need to accept parts of the energy-demanding nature of 
interactive technology and focus on shaping the relationship 
between energy use and values to attain larger scale achievements. 
If energy efficient transportation is desirable, then we need to 
focus on making the user experience of electric cars – but also 
public transport, lorries, biking, etc. – as good as possible in order 
for the alternatives to be as attractive in comparison to less energy 
efficient alternatives. At that level, saving energy might not be the 
only quality to address.  

I realise that it might be controversial to promote qualities that 
people appreciate in favour of energy reduction schemes. At the 
same time, we know the route to a sustainable life for a whole 
society is not to avoid these topics, but to recognise that people will 
want to engage in interactions with others, travel, eat, and enjoy 
themselves. Perhaps the only way to make the whole society 
sustainable is to recognise these needs and make sure they are 
balanced and pose compromises to other values in life. 

In Paper F, we discuss the potential difficulties of identifying 
exergy, anergy and intergy in complex systems and the need for 
knowledge about technical aspects, use contexts, and design 
thinking to be able to apply energy-sensitive interactions. In 
addition, we discuss and exemplify how intergy could be addressed 
concretely in design through user empowerment by revealing 
information and decisions to the user (Paper A-C). As with value-
sensitive design (Friedman, B., Kahn, P.H. Jr and Borning 2006), 
which has  been criticised for leading to complex design challenges 
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with multiple conflicting values and stakeholders, articulating and 
addressing different intergy and anergy will be equally complex. 
However, similar to value-sensitive design, considering energy in 
design of interaction will be complex, but we still need to face these 
issues one way or another. More generally, dealing with complexity 
is often why we need design in the first place (Stolterman 2008). 
For us, it took years to come to the specific articulation of battery 
interactions in electric cars.  

Whether the vocabulary is enough to facilitate such discussions 
in other design challenges needs to be further investigated. Its 
success depends on whether it speeds up that process, helps to 
identify intergy challenges, makes the process more concrete and 
focused, and opens up for new angles and solutions. A difficult 
issue for any design project is to determine when intergy 
expenditure decisions needs to left to the end-user. A further 
complication when dealing with complex value relations and 
energy mechanisms that need to be revealed is that the design 
might pressurise the end-user to acquire a sense of what is going 
on in order to optimise their behaviour and make the appropriate 
choices. This is related to classical concerns of when to black-box 
certain processes and when and how to be more transparent about 
inner workings of systems (e.g. Höök et al. 1996; Boulay et al. 1981; 
Dourish & Button 1998), where it does not always have to be a 
perfect representation of the inner mechanisms as long as the user 
can use the tool for its intended purpose.  

I would also like to comment on the usefulness of energy-
sensitive interaction to design practitioners on a more general 
level, as the framework in many ways is open to interpretation and 
does not attempt to systematise or prescribe any particular way of 
working. This is intentional, as research has shown that 
prescriptive ways of working are less used by interaction design 
practitioners who generally tend to use “frameworks that do not 
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prescribe but that support reflection and decision-making […] 
individual concepts that are intriguing and open for 
interpretation and reflection on how they can be used […] high-
level theoretical and/or philosophical ideas and approaches that 
expand design thinking but do not prescribe design action” 
(Stolterman, 2008, p. 8). As a designer myself, I have strived to 
articulate such a high-level theoretical and philosophical 
framework to support reflection and decision-making regarding 
energy use in interactive systems, while also staying open to 
account for interpretation of the values involved in different cases. 

In summary, energy-sensitive interactions is an articulation of 
what can be done in practice in terms of energy use in interaction 
design. It puts needs and experiential qualities in relation to 
energy at the forefront and thereby lets designers take 
responsibility for energy use in different use situations – or shift 
the responsibility to end-users when needed, empowering them to 
make informed decisions.  

5.3 Energy as felt experience 
A third contribution is an alternative to how energy is often 
described in the HCI literature: as immaterial, intangible, and hard 
to grasp (e.g. Pierce and Paulos 2010), therefore in need of 
visualisations and materialisations in order to become perceived 
by the user. In my work, I came to see energy in a different way. 
Due to the experiential nature of driving, it is hard to subscribe to 
this description from an interaction perspective and thus have that 
as a generalised understanding of the issue of energy. On the 
contrary, it is hard to conceptualise energy in this setting (at least 
exergy and intergy) as anything else than felt (e.g. tangible, visible, 
sensed, perceived). For instance, velocity, acceleration, in-vehicle 
climate, music, noise, battery level, charging, headlights, and so 
on, are all felt aspects of energy. Similarly, in domestic settings, 
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indoor lighting and climate, showers, hot tubs, cooking and so on, 
are also felt experiences. Similarly, any interactive system is – in a 
sense – a felt experience, ultimately conveying energy through the 
interaction it enables. In my view, energy – and in particular 
energy as perceived in interaction as the main interest of our field 
– should rather be defined as felt in the direct and interactive 
relationship between people and machines. This is the very essence 
of embodied interaction (Dourish 2001), where the interactions in 
all their aspects are perceived and felt. Therefore, we need to seek 
alternative descriptions of energy that better encapsulate felt 
experiences. I think this is particularly important as energy is the 
vis viva – living force – of interaction, as it is essentially the 
enabler of interactivity. As energy makes it possible for the system 
to register, process and respond to an interaction. 

We worry when we hear the noise from the fan cooling down our 
laptops, as this indicates that the laptop is ‘doing something’ 
computationally heavy. Interestingly, as another contemporary 
example of felt energy worries, Facebook recently apologised to 
their users because their app drained large and unnecessary 
amounts of energy when running in the background. This was due 
to a “CPU spin” – a computational process working unnecessarily 
fast – in combination with an audio process using energy even 
when the user was not listening to music. In the app stores there 
are also several apps for monitoring and optimising battery use in 
mobile phones reflecting that some have a looming need to sanitise 
energy use to maintain battery lifetime and enhance experience. 

So what is unfelt energy in an interaction? First, assuming that 
it is not energy in itself that leads to sustainability problems, but 
rather the way energy is produced that is causing unwanted effects 
on the climate (e.g. coal power and petrol) and direct ecological 
devastation of nature (e.g. hydropower), instead indicates that it is 
these less proximal aspects that are unfelt. This is natural, as it is 
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hidden away in the power grid and intentionally not shown to be of 
concern to end-users as argued by Pierce and Paulos (Pierce & 
Paulos 2010). However, this could certainly be a competing felt 
value when it comes to energy compromises if end-users have to 
pay for these consequences.  

An analogy of what is felt and unfelt is weather versus climate. 
Weather is directly felt and easy to grasp, as rain and sunshine are 
easy to understand and affect us in an immediate and sensuous 
way. On the other hand climate is hard to grasp and is invisible 
and intangible at a particular moment, as it is rather concerned 
with weather as a totality and operates at another level of 
abstraction disconnected from the practicalities of everyday life. 
For instance, we never wake up in the morning and say: “Oh it 
looks like there is going to be a bad climate coming” and 
accordingly adapt our activities. There simply are no compromises 
to be made, as there might be with rain or sunshine, which often 
cause us to change our plans – by going to the beach for instance, 
or skipping the hike or adjusting our clothing. While climate may 
have immediate felt implications for people in the long run, it is 
more ubiquitous and gradual. It is not the individual (weather) 
that makes the world more sustainable, but rather the whole of 
mankind (climate). This is related to energy in the way that the felt 
values achieved when using energy (weather), often outnumbers 
ungraspable implications of use (climate). 

Let’s stay with this analogy for a while as it brings us closer to 
the question of what humans and machines are good at. The 
weather and the felt experiences and values provided by energy are 
easy to perceive and understand for us humans and we are good at 
balancing these values in everyday life and dealing with the 
compromises that emerge as we go along. However, the climate 
changes typically operate in “silence” (note that CPUs may also 
operate in silence) and may at times do things disconnected from 
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direct and perceived values (exergy), these are hard to perceive and 
feel. Although not always unfelt (e.g. the unwanted heat of the light 
bulb), this form of energy consumption falls under the category of 
anergy and should perhaps be made accessible to us in a felt sense 
as we might not otherwise be able to reduce it. However, machines 
are sometimes well suited to register and monitor such anergy and 
make them felt and perceivable by revealing implications on values 
relevant for people.  In other words, if they affect our life and 
decisions, they need to be turned into tangible or visible cues to 
make them manageable. 

5.4 Designing for sustainable transitions 
If looking at design for sustainability from the perspective of 
competing values and on the level of making end-users directly 
responsible for addressing climate change (e.g. energy feedback for 
energy conservation), it is apparent that end-users do not see the 
immediate value of conserving energy and thus lack the motivation 
to do so, in effect making the design socially unsustainable. It is an 
agenda of reduction with no felt energy compromises involved. 
With no compromises between felt and important values at stake 
for end-users, this is a design for sustainability doomed to fail, 
rendering it almost unethical as it puts a heavy burden on people 
with little hope of success. There simply is too little value in 
visualising energy usage if it is disconnected from real value for 
people and only concerns reduction in opposition to felt 
compromise. 

It is my strongest belief that if there is no compromise at stake 
for end-users, other approaches to lower energy overuse and 
address environmental change are needed. Technical 
improvements have been highlighted before and I have also had 
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the privilege to be a part of the largest energy research project in 
Sweden (“STandUP For Energy”5) where it has been obvious how 
the potential of technical improvements often outnumbers the 
potential of energy feedback in people’s homes and workplaces. 
Shifting from regular light bulbs to low energy light bulbs is one 
such technological shift that, together with a new policy, which has 
already been implemented in Europe, has had a solid and lasting 
effect on energy consumption. Switching to more environmentally 
friendly production is obviously another approach.  

However, when it comes to the domain of electric cars, there are 
plenty of compromises and values that make it important to 
involve drivers. First, the economical values come into play in 
comparison with combustion engine cars as the cost per kilometre 
(or mile) is substantially lower for electric cars, making it an 
attractive alternative. Additionally, in the driving situation, there 
are plenty of felt energy compromises to be made, which motivates 
a need for energy visualisations and tools to manage these 
compromises between direct felt values. The big challenge for 
design is to reveal what people can do with energy and how that 
affects other wants and needs. This is a big difference to visualising 
energy consumption as such, and here I like to highlight that these 
values are very present in my designs, as energy is mainly 
represented as – and in relation to – driving range, climate control 
usage, and driving speed. That is, real values and compromises 
instead of accumulated net total of energy used expressed through 
difficult technical (intangible) units such as kilowatt-hour or more 
abstract representations of scale. Measures of energy are simply 
not as interesting and important to the individual as felt and 

                                                        
5 http://www.standupforenergy.se/ 
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experienced values, be it managing an electric car, using your 
smartphone, cooking, taking a nice long shower, or anything else.  

This work also makes us consider to what extent, or at what level 
of abstraction, we should attempt to address sustainability issues, 
for instance for such things as energy consumption of 
environmentally unfriendly produced energy. In my work, a more 
sustainable transportation system and energy reduction is 
achieved by a transition from combustion engine cars to electric 
cars. This is similar to Blevis sustainable interaction design (Blevis 
2007) approach aiming to shift environmental effects from a less 
preferred form to a more preferred form, in this case shifting from 
petrol (finite, disposable) to electricity (potentially renewable). I 
have supported such a shift, what Silberman would call a structural 
change (Silberman 2013), by exploring designs that could make the 
preferred form more attractive.  

This transition will only happen if it is either forced upon us (e.g. 
by policies such as with light bulbs in Europe) or if electric cars are 
highly attractive, usable and valuable in comparison to the status 
quo or other less sustainable alternatives. The latter puts the 
design focus for sustainability on the user experience of electric 
cars, rather than on the sustainability issue of direct energy 
reduction, at the forefront of promoting new practices. This is 
interesting from at least two points of view. First, it puts focus on 
what designers and engineers are already trained to do; to improve 
the quality of products for consumers. In my case, it is barely 
relevant to discuss sustainability for the practitioners working on 
electric cars, as their focus should rather be on how to make the 
product as good and attractive as possible to be able to compete 
with less sustainable alternatives. The question of whether electric 
cars are sustainable or not is a matter for investigation and 
research on another level, e.g. through life-cycle assessment and 
comparison to combustion engine cars and other alternatives. 
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One option is to design for a transition into an attractive and 
preferable state for people, society and the world. Another option 
is to design to solve the problem of status quo at the cost of making 
a less attractive lifestyle and put a heavy burden on end-users. The 
former, designing for sustainable transitions, has already had 
impact and will continue to have so in the future as well if we keep 
investing in making attractive and competitive green technology. 
The latter needs tactics like gamification and persuasion simply 
because it is not a preferable and sustainable state for people.  

5.5 Reflections on the research approach 
First, I find it important to highlight how my approach to 
conducting research differs from other disciplines researching the 
same electric car problem and how my work thereby adds 
complementary values. Over the course of this work I have 
followed and been in contact with several researchers who have 
backgrounds in psychology, human factors, and mechanical-, 
electrical- and computer engineering. These have all added 
important insights by researching different aspects of the issue of 
battery management in electric cars. In general, the psychology 
and human factors strand of work (e.g. Franke et al., 2012; Franke, 
Rauh, et al., 2015; Franke, Trantow, et al., 2015; Neumann & 
Krems, 2015; Nilsson, 2011) has, based on extensive experiments, 
field studies and interview studies, resulted in identification of 
behaviours and what are problematic issues for the drivers. A 
common conclusion of their work is that we need better driving 
range displays in cars to support electric driving. On the 
engineering side, many researchers (e.g. Birrell et al., 2014; Jung 
et al., 2015; Neaimeh et al., 2013; Pichler, 2015)have been starting 
from these needs and have looked into how to improve existing 
predictions to provide better range estimates as an attempt to solve 
the problem. 
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Similar to these studies, I have also highlighted the need for 
better driving range. But, through my design research, I have also 
come to criticise this one-sided problem framing. I have found that 
we need to address and uncover the compromises involved while 
driving rather than solely focusing on providing a correct 
prediction estimate. Since driving is a complex activity where 
many different factors interplay – in particular the drivers’ 
intentions of where they are going and how fast they need to get 
there – a prediction of the future will always be inaccurate as it 
cannot know the drivers’ intentions.  

However, the main methodological difference to what has been 
done by other disciplines in this area is that I have conducted a 
series of design experiments aiming to research battery 
management. I have done this by encouraging people to reflect on 
different aspects of the issue, what might be missing in order to 
address the issue, and how it could concretely be addressed. This 
led me to different outcomes, which point in the direction of 
empowerment and energy management presented in this thesis.  

Another obvious difference is how I have contributed alternative 
design strategies, concepts and clues relevant for redesigning 
electric car interfaces. This would not have been possible without 
actively searching for alternatives through design.  

The purpose has been to understand in order to elicit 
requirements, and I therefore took the liberty of designing narrow 
and targeted designs investigating different aspects and 
approaches relevant to my specific topic. For example, I designed 
solutions (Paper A, B, C, E) without direction service (GPS) 
integration even though that would have been of obvious benefit to 
the driver, as that would have diverged and blurred my research 
interests as I judged that it would have elicited reflections on 
direction services and usability issues with the system, rather than 
the specific answers that I wanted to explore. While this approach 
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might leave out additional complexities and difficulties in the 
electric car driving contexts, I still find it interesting to research 
specific aspects of an issue and it has yielded interesting details 
relevant for continued research in the area. Here I would also like 
to highlight that this has been a useful methodological twist in 
which constructive design research could be used to conduct 
focused research looking deeper at specific aspects.  

This narrowness and intentional difference in relation to 
‘regular’ product design is also important to understand for anyone 
reading and judging the value of my research and designs, as 
reading my results through a “product lens” may lead to a 
misreading of the results. For instance, our aims have not been to 
produce usable systems per se. Furthermore, another role of the 
designs has been to articulate and illustrate results (Paper A, B, C) 
from interviews, field studies, and analyses. This is also an 
interesting and useful – non-product oriented – way of using 
design in research to articulate thoughts, thinking, and ideas 
derived from the work in a digestible fashion. However, these 
designs should not be read as recipes for products either, but 
rather as explanations and suggestions for further exploration and 
research. 

Another aspect of my methodological approach is that I have 
been trying to get close to an understanding of a specific user 
experience issue, in this case range anxiety/stress, from several 
different angles: through simulations, role-play, in situ faking of 
use cases while driving an electric car, and in situ simulation of 
electric cars while driving a combustion engine car. All these 
studies have been facilitated and enabled through the specific 
designs. They have acted as narrators for looking into different 
angles and aspects of the specific subject that I was interested in. I 
find this important, as all these approaches have added different 
insights to the work as formulated in the summary of studies 
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section. My designs have set the stage for association and 
reflection, and it is again worth emphasising that the design 
activity becomes concerned with designing the experience of that 
provocation – design experiment – and not only about the explicit 
design of the physical or digital artefact exposed. In that way, the 
design activity is not so different from e.g. the design of 
experimental setups in more traditional sciences, such as in 
psychological experiments (e.g. Milgram, 1963; Mischel et al., 
1972). However, its important to point out that the lens for 
analysis, the interest of the community, as well as the outcome, is 
very different for design oriented research that it is for 
experimental psychology. 

Working in a concrete domain such as electric cars, this 
consideration became especially present since the work had to 
interplay with both commercial and political forces, each having 
quite different intentions than I had with my research. For 
instance, improving range displays to make electric cars more 
attractive could both be considered a commercial intention to 
increase sales, as well as, a political endeavour to reduce fossil fuel 
dependence, none of which could be considered knowledge 
contributions as such.  

Another relevant methodological discussion is the validity of the 
transition from case (Papers A-E) to larger and more general 
theories and implications (Paper F and thesis) for design and 
interaction. Here I would like to stress that the theories and 
implications are directly derived from the case and are therefore 
theoretical descriptions of real and existing problems, so they are 
not coming “out of thin air”.  Whether it is transferable to other 
cases is a relevant concern. However, in Paper F we demonstrated 
how energy-sensitive interaction could be applied to similar cases 
showing some transferability to cases such as energy management 
for Mac users in the operating system. Interestingly, studies have 
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shown how smartphone users can lower energy usage by 27 per 
cent daily by being shown how actions influence battery life time 
(Ferreira et al. 2013), which is an example and strategy that 
resonates well with energy-sensitive interaction as it aims to 
empower end-users by uncovering the inner energy mechanisms – 
intergy. Additionally, the discussions of energy as felt experience 
and sustainable transitions are focused discussions that – based on 
my case – bring new light to existing theories and discourse based 
on the issues that have arisen from my case.  

It is also worth noting that using cases to construct or confront 
theory is not only a common activity of constructive design 
research (Koskinen et al. 2011), but also commonly occurring in 
HCI. Some examples are how studying copying machines led to 
theories concerning plans and situated action (Suchman 1987), 
how cases such as tangible and social computing led to theories of 
embodied interaction (Dourish 2001), how details discussed in 
mobile computing led to concepts such as seamfulness (Chalmers 
et al. 2003), and more recently how concepts such as social 
navigation (Chalmers et al. 2004) and seamfulness (Chalmers et al. 
2003) was used to build methodological theories such as Strong 
Concepts (Höök & Löwgren 2012). 

A final note on the more systematic side of different aspects and 
approaches relevant to the issue of battery management in electric 
cars is whether this research is finished or not. Through the design 
research programme (Redström 2011) I have moved into an 
alternative design space for electric car information systems that 
focuses on the most important aspects of the problem at hand, this 
I think is a good achievement. This progression of the design 
research programme from an initial formulation into a 
reformulation also shows that I am finished with the first design 
research programme. However, on the other hand the new design 
research programme has just started, and thus only scratches the 
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surface of this particular issue. Here much work remains to 
improve electric car information systems. With regards to my 
attempts at articulating a design approach for energy-sensitive 
interactions more generally, which happened at the end of my 
graduate studies, I have to say that I only see closure in so far as I 
have finally been able to describe my particular struggles, but with 
regards to the relevance to HCI and design this is more of an 
beginning than an end and it needs to be validated and refined 
through other cases.  
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6 Conclusions 
In summary, we all know that we face serious consequences if we 
fail to incorporate energy considerations in the design of 
interactive systems. This is a design challenge for many to engage 
with in the coming years. Based on my research and understanding 
of energy and its role when interacting with electric cars, I also 
realised some more general aspects of the dynamics of energy 
when using interactive systems. This led to the articulation of 
energy-sensitive interactions as an approach to analyse and 
improve energy use in relation to the values sought for with a 
particular design. My aim with this detailed articulation has been 
to create awareness and useful understanding of the mechanisms 
of energy in interactive systems, which could lead to better 
interactive products, as well as research in the domain of HCI. 
Acknowledging that energy has a broad and profound role in 
interactive systems related to the values that the design seeks to 
provide has been one important driving force for this research.  

Finally, let us revisit my research question: 

How can the fluctuating nature of energy use be perceived, 
designed for, and conceptualised, to support resourceful 
interactions in mobile use settings? 

Based on a series of design exemplars illustrating different 
aspects of energy management in the use context of electric cars, I 
have investigated issues regarding the felt experience of energy in 
terms of battery management. I have also looked at what forms of 
experiential issues and misconceptions arise from current designs. 
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Note that I use the term exemplars, as they are intended to 
illustrate new exemplary ways, or strategies, of approaching the 
specific design space. These could be copied, altered or 
inspirational for new designs based on similar principles. The 
studies have led to a shift in understanding of the experiential 
issues from being a general problem of improved predictions in 
need of smarter algorithms, to a realisation that the experience 
emerges because the drivers struggle with understanding the 
energy mechanisms of the vehicle. This is important, as drivers 
need to know how driving behaviour and choices influence their 
plans ahead in order to adjust and make trustworthy and reliable 
plans for themselves. This is more a matter of control over the 
machine than about passive (range) anxiety due to shortcomings of 
the technology. Many aspects go into these complex energy 
dynamics, and the design experiments and design articulations, 
together with studies of their use, illustrate the impact and 
relevance of the aspects found most important here.   

This led me to the conclusion that these energy mechanisms 
need to be shown to the driver to empower them to act upon this 
information and make informed decisions. How to actually reveal 
and present these mechanisms then becomes an important design 
challenge to address and study further. Through my design 
exemplars I have illustrated and studied a series of different ways, 
levels and tactics to reveal some of the most prominent factors that 
interplay in the complex energy dynamics of the electric car. The 
purpose of these designs is generally to enable resourceful 
interaction with the electric car with regards to energy 
management. To expand on the value for design, I have also 
discussed how this could be done in other cases and highlighted 
that showing energy mechanisms has already been a concern for 
design within research when it comes to managing the battery of 
smartphones. While the fluctuating nature of energy in interaction 
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has not been explicitly articulated in these cases, they still confirm 
that this concerns battery management. 

My work has highlighted the importance of actively addressing 
the complexities of energy use in a design process, which I have 
articulated through the notion of energy-sensitive interaction. This 
entails an energy analysis of the use cases at hand and an 
identification of intergy – fluctuations – that should be addressed 
through design. This could be by revealing inner energy 
mechanisms and providing tools for better energy management. 
This is particularly important when needs and desires fluctuate 
over time in a way that may be hard to predict and/or it is crucial 
for people’s abilities to plan, such as in the domain of electric cars.  

I have strived to conceptualise these energy dynamics as a 
resource for design. Through the notion of intergy, I have 
articulated an interactive and controllable middle ground between 
exergy and anergy, where energy fluctuate over time and 
interaction. This supports design thinking related to energy as it 
pinpoints temporal and dynamic aspects of energy use in 
interactive systems, and thereby moves away from a static 
conceptualisation of energy as either value or waste. It also targets 
and suggests specific interaction design challenges and strategies 
to work with these entities through either automation or by 
empowering end-users to manage their energy themselves. This 
emphasises the need to account for the flow of interaction over 
time and design for dealing with trade-offs when compromise is 
needed and hard for intelligent systems to judge. 
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