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ENGLISH SUMMARY

Using technology in a car that supports driving, such as GPS and infotainment
systems, 1s familiar to many people. However, a development in the characteristics of
contemporary cars is that they can be used in combination with other interactive
technologies that complement and extend car functionality beyond the driving
experience. These combinations of interactive technology form what can be described
as digital ecologies. However, unlike interaction with in-car technology, there is
limited HCI research on people’s interaction in digital ecologies with cars and how
these support everyday mobility.

This thesis investigates interaction in digital ecologies with cars. Towards this end, the
thesis investigates two research questions. The first research question works on how to
characterise how people interact in digital ecologies with cars. The second research
question works on understanding activities that can be supported by digital ecologies
with cars. The investigation of the research questions presents two main contributions
of this thesis.

Firstly, the thesis contributes with a framework that characterises interaction in digital
ecologies with cars. It does this by describing HCI research on the central
characteristics of interaction with digital ecologies and interaction with cars. The
framework is constructed with this as a foundation. The framework consists of two
dimensions: the first dimension describes interaction in digital ecologies as either being
simultaneous or sequential, and the second dimension describes how cars can be a
part of digital ecologies as either being connected or non-connected through the
internet and its services.

Secondly, the thesis contributes with five papers presenting empirical findings on how
digital ecologies with cars are used to support mobility in everyday life. The papers
investigate the cases of electric vehicles and shared cars. The empirical findings show
that digital ecologies are used in a number of activities to support mobility in everyday
life and using the constructed framework as a lens, it is possible to characterise how
people interact with them. For instance, for electric vehicles using a digital ecology
consisting of several devices is important to support complementing car functionality
in activities such as charging and planning. For shared cars, collaborative interaction
between people through online services is important for planning a ride. The results
of this thesis further discuss implications for design. Opportunities and challenges are
suggested as inspiration for where designers should focus their attention when
designing for activities where digital ecologies can be used to support mobility.

The PhD project that this thesis is based on is partly financed by the DiCyPS research
centre funded by Innovation Fund Denmark. The aim of the research centre is to use
software and data of complex cyber-physical systems to develop smarter and user-
friendly solutions that benefit individuals and society.
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DANSK RESUME

De fleste mennesker interagerer jevnligt med teknologi, for eksempel GPS og
infotainmentsystemer 1 deres bil, for at understotte korslen. Imidlertid er en egenskab
ved nutidige biler, at de kan interagere sammen andre teknologier, som supplerer og
udvider bilens funktionalitet til interaktion uden for bilen og kerselssituationen.
Sadanne kombinationer af interaktiv teknologi danner, hvad man kan beskrive som
digitale gkologier. I mods@tning til interaktion med teknologi 1 kerselssituationen, er
der inden for HCI-forskning begranset viden om menneskers interaktion 1 digitale
okologier med biler, og hvordan disse understotter hverdagens mobilitet.

Denne athandling underseger interaktion i digitale ekologier med biler. Til dette
formal underseger afhandlingen to forskningsspergsmal. Det forste
forskningsspergsmal arbejder pa hvordan man kan karakterisere menneskers
interaktion 1 digitale ekologier med biler. Det andet forskningsspergsmal arbejder pa
at forsta aktiviteter, der kan understottes af digitale ekologier med biler. Besvarelsen
af forskningsspergsmalene praesenterer to primere bidrag af denne afthandling.

Det forste bidrag af athandlingen med et framework, der definerer interaktion 1
digitale okologier med biler. Afhandlingen beskriver forst HCI-forskning
omhandlende centrale karakteristtka ved interaktion med digitale gkologier og
interaktion med biler. Baseret pa denne forskning konstrueres mit framework.
Frameworket bestar af to dimensioner. Den forste dimension beskriver interaktion 1
digitale okologier som enten at vere samtidig eller sekventiel. Den anden dimension
beskriver, at biler kan vere en del af en digital ekologi ved at vere direkte tilsluttet
eller ikke-tilsluttet internettet.

Det andet bidrag af athandlingen er fem artikler, der praesenterer empiriske resultater
om, hvordan digitale okologier med biler bruges til at understotte mobilitet 1
hverdagen. I forhold til frameworket beskriver artiklerne brugen af elektriske biler som
verende tilsluttede og delte biler som verende ikke-tilsluttede gennem internettet og
dets services. De empiriske fund viser, at digitale ekologier bruges 1 en reekke aktiviteter
til at understotte mobilitet 1 hverdagen. Ved at bruge det konstruerede framework som
et analytisk vaerktoj er det muligt at karakterisere interaktion 1 artiklerne. For elektriske
koretojer er udvidelse af bilens funktionalitet gennem andre enheder vigtigt, for
eksempel for at understotte aktiviteter sasom opladning og planleegning. For delte biler
er samarbejde mellem mennesker gennem onlinetjenester vigtigt for at planlaegge en
bildeling. Athandlingen foreslar yderligere designmuligheder for specifikke aktiviteter,
hvor digitale okologier kan bruges til at understotte mobilitet. Desuden bidrager
afhandlingen med designudfordringer, der kan tjene som inspiration for designere.

Ph.d.-projektet, som denne athandling er baseret pa, er delvist finansieret af DiCyPS-
forskningscenter stottet af Innovationsfonden Danmark.
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1 INTRODUCTION

It is estimated that between 2010 and 2015, the number of cars worldwide increased
from 808 to 947 million. This increase shows no signs of slowing in the coming
years [82]. In fact, cars represent 70 percent of all vehicle journeys in the European
Union, taking the average European almost 13,000 kilometers a year [1]. Gars provide
an individual flexible means of transportation. However, they also bring about societal
and individual challenges, such as severe health impacts caused by the use of non-
renewable fuel, air and noise pollution, and traffic congestion [56,75,94]. To address
these challenges, different initiatives that optimise the use of cars are encouraged and
supported by many governments across the world. Car optimisation initiatives include
electric vehicles capable of using renewable electricity, and car sharing to reduce the
number of cars on the road. Despite this, some research [40,53,98] indicates that this
development challenges traditional driving and ownership, because it requires a
change in how people think about and use cars.

Today, interactive technologies are designed to extend or complement existing car
functionality that have the potential to address many of the challenges associated with
moving away from the traditional use of cars. Many contemporary cars are equipped
with connectivity, enabling people to interact with them through smartphone
applications and online services. As examples, there are smartphone applications that
allow people to get information about a car and control it, such as controlling car
access and temperature settings (e.g. [81,100,101]). Furthermore, online services are
available on a range of devices to facilitate initiatives such as car and ride-sharing
(e.g. [18,37]). The use of such interactive technologies forms what can be described
as digital ecologies. A digital ecology can be defined as ‘a network of nodes of users and digital
artifacts that is dynamically bound by interaction in users’ actwities’ [97]. Research in HCI
(Human-Computer Interaction) has only started to investigate digital ecologies with
cars and how people appropriate them to facilitate mobility. Towards this end, there
are limited understandings of how people interact with digital ecologies and how they
can be applied in everyday life to facilitate car mobility.

This thesis investigates interaction in digital ecologies with cars. The contributions of
this thesis are twofold. Firstly, it presents a framework that provides a characterisation
of interaction in digital ecologies with cars. Secondly, it presents empirical findings
that describe how people interact with and appropriate digital ecologies with cars in
their everyday lives. It does this through five paper contributions investigating electric
and shared cars using the developed framework as an analytic lens.

In the following sections, I first provide context for the thesis describing the car in
modern society, and the individual and social challenges related to it. Secondly, I
introduce digital ecologies and cars and how my research fits into this context. Thirdly,
I sum up the research questions that guide my work, and finally, I present an overview
of the thesis and its chapters.
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1.1 CARS IN MODERN SOCIETY

The car is important for how people transport themselves in modern society, and it is
the most widely-adopted means of mobility in the world. The number of cars
worldwide between 2010 to 2015 is estimated to have grown from 808 to 947 million,
a trend that shows no signs of slowing in coming years [82]. In the European Union,
more than 320 million cars account for 70 percent of all vehicle journeys [1].

The increased amount of cars provides an individual flexible means of transportation;
however, despite such opportunities, there are both personal and societal costs. Firstly,
in the European Union, most newly registered cars are still equipped with internal
combustion engines that use non-renewable fuel as a mean of propulsion. Burning this
fuel 1s associated with air pollution, especially in the local environment [53,65]. Air
pollution is estimated to be the cause of up to 800,000 premature annual deaths in
Europe [58]. Secondly, cars are a significant contributor to noise pollution that,
according to the organisation WHO, has significant health impacts such as sleep
disturbance, elevated blood pressure, and heart disease [83]. Finally, the increasing
amounts of cars on the road is also a contributor to traffic congestion, which again has
an impact on time spent, fuel consumption, and people’s health [76,96].

In 2015, world leaders agreed to 17 goals for a better world in 2030 [79]. Changing
how we use cars is important to accommodate some of these goals, such as clean and
affordable energy, good health and well-being, and sustainable cities and communities.
Several governments in Europe already have a plan for this transition, and as part of
this, initiatives such as legislation and financial benefits are already being phased in.
For example, car sharing initiatives are often cheaper than owning a car and have
parking benefits in several countries [53,96]. Furthermore, in recent years, some
European countries have also made plans to phase out the sale of fossil-fueled cars
and replace them with hybrid and electric vehicles. For instance, Norway has planned
to stop the sale of gasoline and diesel cars by 2025 [44] and Denmark by 2030 [90].

Even though there are several benefits to adopting initiatives such as car sharing and
electric cars, research indicates that there are also challenges related to the feeling of
status, freedom, and independence associated with driving and owning cars [98]. As
examples, Kent and Rowling found planning overhead to be a challenge in car sharing
[53] and Lundstrém highlights limited range in EV’s, which induces the fear of battery
depletion [62]. Such challenges have inspired HCI researchers to focus on the design
of interactive technology to mitigate these. These efforts include digital services to
enable people to share cars and rides more efficiently [36,85] and visualisations that
reduce range anxiety driving electric cars [52,62,63].

In recent years, HCI research has begun to investigate how mobility using cars can be
facilitated through connected interactive technology that forms what can be described
as digital ecologies. These digital ecologies hold the potential to support mobility with
cars in many ways, for example, by complementing and extending car functionality
beyond the driving situation.



1.2 CARS AND DIGITAL ECOLOGIES

A characteristic of contemporary cars is the rapid technological development that they
are undergoing. Interfaces in cars are becoming increasingly advanced, allowing
drivers to access more functionality than before [16]. For example, computational
units in cars monitor driver performance and interactive technology such as GPS and
entertainment systems assist in driving. Furthermore, people can extend functionality
by bringing devices with them into the car, e.g., using their smartphones for
navigation, to stream music, or see notifications. These interactive technologies create
new opportunities for both drivers and passengers. However, they also require an
increased amount of attention from the driver, which is a significant contributor to car
accidents [32]. As a consequence, most countries have tried to limit the use of
interactive technology by prohibiting the use of handheld devices while driving [32].

Novel interactive technologies are continuously being introduced and used in cars in
new ways [16]. Development in the use of interactive technology in the car has
inspired HCI research to investigate and characterise interaction with these
technologies, and the consequences they have on people’s safety and driving
experiences (e.g. [3,4,14,45,59]). For example, studies show that GPS systems improve
people’s wayfinding abilities and change the perception of their surroundings [4,14],
but they also significantly increase driver distraction [3].

Recent advances has evolved cars into connected devices with the ability to access
internet services [22]. Many examples of interactive technologies exist that can
complement and extend car functionality though connectivity. Some applications
allow users to remotely control basic functionality of the car like temperature settings
(e.g. [81,101]), and other applications allow users to control and monitor advanced
functionality, like starting and summoning the car (e.g. [100]). Several services also
provide users with features to facilitate car mobility, like access parking, fuel, and
charging stations (e.g. [29]). Other applications provide mobility as a service and offer
easy access to car sharing for several people through online services (e.g. [8]).

Using several devices to complement and extend car functionality forms what can be
described as a digital ecology. In HCI, a digital ecology can be defined as ‘a network of
nodes of wusers and digital artefacts that s dynamically bound by interaction n users’
actwities’ [97]. Similar to the natural use of the term ‘ecology’, the assumption of the
HCI research investigating digital ecologies is that we cannot achieve a complete
understanding of people’s interaction by considering each device in isolation [51]. It
is argued that such understandings are important for the design of interactive
technology to fit into peoples digital ecologies more intuitively [7,15].

This thesis investigates interaction in digital ecologies with cars. It does this by looking
at digital ecologies with the interaction between multiple interactive technologies and
people as opposed to considering technology in isolation. In HCI, a body of research
has worked with investigating the interaction with technology to support the driving
situation. As a result, there are understandings of the effects and purposes of such
technologies to support drivers and passenger driving activities. However, HCI
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research investigating multitudes of interactive technology used to support activities
beyond that of the driving situation is limited. For example, many contemporary cars
today are connected, and it is possible through applications on other devices to interact
with the car's functionalities while not driving it or even being near it. These
opportunities for interaction might support entirely different activities than the driving
situation allows for. Despite this, there are still limited investigations of how people
interact with, and appropriate digital ecologies to support activities related to mobility
with cars.

1.3 RESEARCH QUESTIONS

The work presented in this thesis is motivated by the questions regarding how people
interact with digital ecologies with cars and how these support mobility in everyday
life. The thesis 1s structured in two research questions:

RQ 1: What characterises interaction in digital ecologies with cars?

The first research question addresses how to characterise interaction in digital
ecologies with cars. The thesis approaches this through a review of the HCI literature
on interaction with cars and on interaction in digital ecologies. This provides a context
and theoretical foundation for developing a framework that characterises interaction
in digital ecologies with cars.

RQ 2: Which activities can be supported by digital ecologies with cars?

The second research question deals with which activities can be supported by digital
ecologies with cars. The thesis approaches this by using the developed framework as
an analytic lens. Interaciton is illustrated through five paper contributions. The papers
investigate the cases of electric and shared cars. The contributions provide empirical
understandings of how digital ecologies with cars are already being used in everyday
life, and based on this, implications for future designs are provided.

1.4 THESIS STRUCTURE

This thesis consists of six chapters. The first chapter presented the introduction to the
two areas of digital ecologies and cars and the research questions. Chapter 2 provides
the conceptual background and key concepts for both interaction with cars and
interaction with digital ecologies. I merge these concepts into a framework for
understanding interaction in digital ecologies with cars. Chapter 3 describes
applications of interaction in digital ecologies with cars through five paper
contributions where the framework was used as an analytic lens. Chapter 4 presents a
discussion of the contributions of Chapters 2 and 3. Finally, Chapter 5 concludes the
thesis and answers the research questions.



2 INTERACTION IN DIGITAL ECOLOGIES WITH
CARS

This thesis works on the question of how to characterise interaction in digital ecologies
with cars. To investigate this, I will describe HCI research on interaction in digital
ecologies and research that describes interaction with cars. Concepts from these two
research areas research leads to the construction of a framework that can be used to
characterise interaction in digital ecologies with cars.

In the first two sections of this chapter I first provide background on HCI research
concerning interaction and digital ecologies (Section 2.1). Secondly, I provide a
description of HCI research on interaction with cars (Section 2.2). The purpose of
these two sections is to provide a context for the last section (Section 2.3) where I
describe my framework for understanding interaction with cars in digital ecologies.

2.1 INTERACTION IN DIGITAL ECOLOGIES

In this section, I will describe the central concepts of interaction in digital ecologies.
In the next section (see Section 2.2.1), I will elaborate on the term ‘digital ecology’, its
origins, and central themes of HCI research. The second section (see Section 2.2.2)
will elaborate on HCI research that provides different perspectives of how to
understand digital ecologies.

2.1.1 DIGITAL ECOLOGIES

Digital ecologies have their origin in the more traditional term ecology (also referred to
as eco-system) which emerged in various disciplines in the 1920s [17]. However, the
term oekologie (meaning ecology) originates from biology and was coined much earlier
in 1866, by German zoologist Ernst Haeckel, from the Greek otkos meaning home, place
to live [72]. The term covers a way of thinking where we shift focus from individual
relationships to relationships between parts and the essential idea is that ‘an ecology is
the properties of a whole that none of the parts alone has’ [17].

The term ‘digital ecology’ leans towards the natural use of the ecology metaphor,
where the rationale is that we cannot possibly understand a single species fully without
considering its interactions with its environment [17]. Similarly to the natural use of
the term ‘ecology’, the assumption is that we cannot achieve a complete understanding
of interaction with interactive technologies in a digital ecology by considering each
device in isolation [51]. Both Rogers and Bagnara describe this way of thinking as a
shift from understanding the interaction between one person and one computer to
investigating multitudes of technologies as interconnected with multiple technologies
and people [5,91]. According to Raptis et al. [88], the term ‘ecology’ has been adopted
in HCI. However, since the field deals with digital artefacts rather than living
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organisms, as in the original use of the term, the more specific term digital ecology was
adopted.

I see two themes in the existing HCI literature on digital ecologies; design and
understanding. Research in these two themes are focused on interaction between
many devices and many users.

The first theme is design for digital ecologies. Contributions have focused on guidelines,
frameworks, and design suggestions that concern jform and less on accounts of
understanding use, practise, and activities in the real world [55,91]. Examples of these
are suggestions of systems capable of cross-device interaction such as a number of
devices complementing each other by distributing an image over several screens (e.g.
[61,80]) and frameworks, and design guidelines for various settings (e.g. [49,69]).
According to Brudy et al., a central challenge in this type of research is that there is
limited knowledge about the environments that are representative of people’s
interaction with technology in their everyday lives and outside the lab [15].

The second theme is understanding digital ecologies. According to Rogers [91], thisis a
far less common theme in HCI. The work under this theme investigates the
environments in which interactive technologies are used in terms of activities and
interactions in people’s daily lives. Gontributions have focused on conceptualisation,
frameworks, definitions, and accounts on why and how digital ecologies are being
used. An example of research under this theme is Forlizzi [33] investigating the digital
ecology surrounding robot vacuum cleaners. She found that they interact with people
in the household and shape their cleaning practices and how they use other cleaning
technologies.

In this thesis, I focus on understanding interaction in digital ecologies. The argument
1s that there are limited accounts of digital ecologies being used in everyday lives that
can inform design. Further, when referring to the term digital ecology in this thesis I
refer to systems of multiple interactive technologies and people as a complementary
perspective to using technology in isolation. To elaborate further on the research on
understanding digital ecologies, I will outline HCI literature on understanding digital
ecologies in the next section where I describe the different definitions and challenges
related to it.

2.1.2 UNDERSTANDING DIGITAL ECOLOGIES

Understanding a digital ecology means understanding the relationships between its
components (e.g., people, devices, and activities). This builds on the assumption that
we cannot achieve a complete understanding of people’s interactions with various
interactive technologies in a digital ecology by considering its components in isolation
[51]. In the HCI literature, different terms refer to digital ecologies and understanding
their components. For instance, ecology, artefact ecology, product ecology, and information
ecology are all used here to describe the same phenomenon of a digital ecology. In the
following, I will describe these terms and their contributions to understanding and



analysing digital ecologies in the remainder of this section. In the following sections, I
will address three perspectives that I have identified in the literature; the person, the
product, and the interaction perspective.

One perspective is focusing on the person as central to a digital ecology. Jung et al.
describe what they refer to as personal ecologies as ‘a set of all physical artefacts with some level
of interactivity enabled by digital technology that a person owns, has access to, and uses’ [51]. Their
notion of an ecology centres the person as the user of the artefacts, and thus, ecologies
are centred around people. They show how to study personal ecologies by mapping
out the set of artefacts used in a particular environment [92]. Along the lines of
personal ecologies, Badker and Klokmose [9,10] describe what they call artefact ecologies
and draw on Activity Theory to describe all devices used in people’s daily activities.
Bodker and Klokmose acknowledge the definition of ecologies in [10] however, note
that it does not capture how people appropriate technology and describe an ecology
as one where artefacts can be part of multiple activities and are substituted for each
other, and as such, they are dynamic [10]. The person perspective is useful for mapping
out ecologies and why technology is used. Using a sketching approach, Jung et al. [51]
showed specific devices might have different meanings depending on the activities that
they are a part of, e.g. based on context, a mobile phone might be used for both
communicating with the family or scheduling events. Bodker and Klokmose studied
the case of introducing new artefacts into an existing ecology using interviews and
found that ecologies go through an unsatisfactory, an exited and a stable state [10].

Another perspective is focusing on the product and which context it is being used.
Forlizzi defines what she calls a product ecology that describes that an ecology consist of
a product, other surrounding products, people, activities, place, and social and cultural context of use
[35]. Similarly, Nardi and O’days definition on nformation ecologies defines an ecology
as ‘a system of people, practices, values, and technologies in a particular local environment’ [77]. The
focus in these definitions highlights the importance of the envoronment of use and in
particular people’s practices. These perspectives on digital ecologies are useful for
understanding how technologies are incorporated into people’s everyday activities and
shape their practices. For instance, Forlizzi and Disalvo [34] studied how robot
vacuum cleaners changed people’s practices in their home. For example, the activity
of cleaning at home often requires a traditional vacuum cleaner. However, it could
also be complemented by a robot vacuum cleaner that interacts with the residents and
shapes their cleaning practices, 1.e. when and where they clean.

A third perspective i1s focusing on nferaction which provides specific concepts to
understand the relationship between components of a digital ecology. Serensen et al.
[97] argue that unlike the above definitions, the interaction perspective is useful for
“informang specific understandings and design on the level of user interfaces and interaction techniques’.
Johansen [49] characterise interaction as occurring both in #me and place and that
interaction can be either synchronous or asynchronous. Johansen use office work as an
example. As such, face-to-face and remote meetings are examples of synchronous
interaction that happens the same time, but in different places i.e. collocated and
remote. On the other hand, public displays and email are examples of asynchronous
interaction in the same but different places. Drawing inspiration on Johansen’s
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concepts, Serensen et al. [97] contribute with their 4C framework and define a digital
ecology as ‘a network of nodes of users and digital artefacts, that s dynamically bound by users’
actwities” [97]. They do not give an explicit definition of an activity but provide
examples such as ‘working at the office or waiching Netflix at home’ which can both involve
several users and artefacts [97]. Similar to Johansen they characterise interaction as
either sequential or simultaneous. In Serensen et al. terminology simultaneous interaction
1s when ‘users do something using several digital artefacts at the same time’ [97]. In sequential
interaction, the users ‘start doing something with one digital artefact and then continue on another’
[97]. They further elaborate on the two, by providing specific concepts to explain
interaction. Sequential interaction consists of two types of interaction; commonality and
continuity. As an example, if a person edits a text on a laptop and then continue to edit
it on the smartphone this is continuity. Simultaneous interaction consists of collaboration
and complementarity. As an example, several people writing a paper together in an online
editor can be classified as collaborative interaction.

The above literature on understanding digital ecologies provides three different
perspectives on understanding digital ecologies. Each has their valuable perspectives
and contributions. However, the use of these perspectives to explore areas of systems
of interactive technologies are limited, i.e. the office [49], home [34,51], and
healthcare [31]. New interactive technology is being designed and used in people’s
everyday lives and becomes part of someone’s digital ecologies [51]. This means that
there are emerging digital ecologies that HCI researchers only have a limited
understanding of how to characterise and design for them [15]. One example of an
interactive technology that has become part of a digital ecology is the car.

2.2 INTERACTION WITH CARS

In this section, I will describe two areas of HCI research on cars. First, I describe
central research themes on interacting with technology in the car, exploring its impact
on safety and experiences. Second, I elaborate on recent themes of research in HCI
on cars. These themes go beyond the traditional car use and into areas enabled
through emerging interactive technology and capabilities of modern cars.

2.21 HCIRESEARCH ON INTERACTION WITH CARS

In this section, I will elaborate further on HCI research exploring interaction with
cars. This area has investigated the opportunities and challenges of the increasing
amount of interactive technology that is built into the car (e.g., infotainment and GPS
systems) and that people bring with them (e.g., smart devices meant to extend the car’s
capabilities). This research can be divided into two themes; safety and experiences.

A central theme in HCI research concerning the car is safety. Towards this end, two
important areas of concern have been to investigate driver distraction and cognitive
load. HCI research has focused on interacting with technologies inside the car such as
existing interfaces (e.g. [3,45,59,78], novel interfaces (e.g. [30,54,60,68,70,78]), and
interaction techniques (e.g. [2,4,50]). Jensen et al. [45] studied how drivers’ glance at



a GPS during driving and Leshed et al. [59] studied how drivers engaged and
disengaged with the environment using GPS navigation systems. Nass et al. [78]
suggest improving automotive safety by paring driver emotion and car voice emotions.
Locken et al. [70] demonstrate a prototype that uses ambient light as an alternative to
graphical navigation and Ecker et al. [30] challenge the use of deeply-nested menu
structures found in many car displays. Studying in-vehicle systems, Bach et al. [3,4]
compare the use of tactile, touch, and gesture-based interaction techniques.

Another theme in HCI research on the car is driving experiences. A number of studies
investigate social interaction in the car (e.g. [23,39,43,85,104]) and drivers’ and
passengers’ experience using different technology in the car (e.g. [14,84]). For
example, Perterer et al. [86] studied how passengers and drivers interact in the car to
inform the future design of in-car technologies, and Wilfinger et al. [104] explored
designs on how back and front seat passengers can share experiences in the car. Brown
et al. [14] also investigate drivers’ perceptions of their surroundings when using GPS
and found that people experience their surroundings differently when driving with a
navigation device.

More recently, interaction has moved out of the car, facilitated by connectivity to
other interactive technologies. HCI research investigated the capabilities of the
connected car and investigated both safety and experiences. Coppola et al. define the
term ‘connected car’ as ‘equipped with modern applications, capable of interacting with other
smart devices, and capable of accessing the Internet and its services at any time’ [22]. HCI research
already started to explore designs for cars that extend beyond interaction in the car.
HCI research includes the concepts of communication between cars when driving to
improve traffic safety [102,103], or to provide people with experiences, such as
changing the experience of parking through collaboration [20] or sharing music
between cars when driving [84]. However, although research has provided suggestions
for designs on the connected car, they are limited in their understanding of actual
interaction and appropriate in everyday life.

2.2.2 RECENT THEMES IN HCI RESEARCH ON CARS

In this section, I describe HCI research on emerging areas with cars. The research is
fueled by a desire to investigate new ways of using the car. In the following, I will
elaborate on three recent themes in HCI research; autonomous, shared, and electric
driving.

A recent theme in research is autonomous driving. Autonomous driving has the potential
to solve societal challenges assiciated with cars such as roadside accidents and reduced
congestion [19]. Many cars today are capable of some level of autonomous driving
capabilities, e.g., lane-keeping capabilities and semi-autonomous driving, however,
several modes of autonomy exists. Casner et al. [19] describe five modes of autonomy
ranging from Level 0 — manual car driving, to Level 4 — fully autonomous. Within
these modes, specifically the design of assistance systems for autonomous driving
[12,57,66,73] and studies of driver behaviour and opinions towards specific
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autonomous driving features [26,89] have been explored in HCI. As examples,
Borojeni et al. [12] show that drivers respond to take-over requests differently
depending on the movement of the car and argue that awareness of context should be
taken into account in design. Studying driver behaviour during autonomous driving,
Reimer et al. [89] found that drivers were more likely to engage in a secondary activity
when driving fully autonomously than semi-autonomously.

A second theme involves shared cars. Sharing is associated with benefits such as
increasing the number of people in a car, thus reducing the number of vehicles on the
road [95]. Sharing cars is a phenomenon that started in local communities, however,
it has gained public interest lately, as the internet has enabled sharing platforms to
reach a wider group of people more efficiently [13,38,42]. There is typically a
distinction between sharing the car itself, car sharing [6,28,53,94-96], or sharing a car
as a resource such as a ride, ride-sharing [21,24,25,74—76]. HCI research identified
individual motivational aspects for participation in sharing such as belief in the
common good [25] and environmental awareness [95], but also reasons for non-
participation like overhead when planning trips, lack of trust, and discrimination
[24,75]. A body of HCI literature also investigates the implications that the use of
sharing platforms have on different communities. As examples, Dillahunt et al. [24]
studied how people with low incomes could benefit from using ride-sharing. They
found that these populations benefit from rich social interaction with drivers and other
passengers. Meurer et al. [75] explored ride-sharing for the elderly and found that
independence and decisional autonomy were particularly important.

A third theme of recent HCI research focuses on electric vehicles (EVs), which are
currently being phased in by many European countries, e.g., Norway aims to stop the
sale of fossil fueled vehicles in 2025 [44]. EVs have the potential to reduce local
emissions and are capable of being fueled by renewable electricity [65]. However,
research indicates challenges of user acceptance towards adopting EVs as they present
a different driving experience than traditional cars, such as limited range and the lack
of driving feedback [52,63,65]. Toward this end, a number of applications already
exist to support EV use (e.g., car control and range prediction [81,101], charging
planning [29,87]). In HCI, the research on EVs predominantly concerns how range
and driving experiences affect driving and how design can support it. Many studies
investigate fluctuating range prediction and with it, the feeling of range anxiety, i.e.
the fear of depleting the battery [52]. As examples, Lundstrom et al. explored how
range prediction affects drivers in electric cars [62—65] and in relation to this, Jung et
al. explored how range uncertainty can be displayed to reduce range anxiety [52].

The above themes of recent research on cars in HCI provide valuable insight into
people’s use of specific interfaces for purposes such as take-over requests, sharing cars,
and reducing range anxiety. Although specific interfaces have been investigated as a
means to mitigate many of the challenges associated with challenging traditional use
of the car, they provide limited insight on the role of digital ecologies.
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2.3 FRAMEWORK: INTERACTION IN DIGITAL ECOLOGIES WITH
CARS

The context of digital ecologies and cars described in the previous sections of this
chapter provide the theoretical foundation for the framework for characterising
interaction in digital ecologies with cars. The framework is depicted below (see Figure
1). The framework describes two dimensions of interaction with digital ecologies with
cars; interaction and the car. The interaction dimension describes types of interaction in
digital ecologies. It is based on Serensen et al.’s [97] understanding of interaction. The
car dimension describes ways that a car can be part of a digital ecology. It is based on
connectivity following Coppola et al’s [22] definition. The dimensions of the
framework are further elaborated on below.

. Interaction
Digital
Ecology

Simultaneous Sequential

Connected

Car

Non-
Connected

Figure 1: Framework for describing a digital ecology of interaction with the car.

The first dimension defines interaction in digital ecologies. I adopt the terminology
and concepts on interaction from Serensen et al. [97]) as either being simultaneous or
sequential. Serensen et al. describe simultaneous interaction as when ‘users do something
using several digital artefacts at the same time’ [97]. In sequential interaction, the user ‘starts
doing something with one digital artefact and then continues on another’ [97]. As such, in my
framework, when I refer to simultaneous interaction, I refer to users interacting with
several digital artefacts at the same time, and ‘sequential’ as when users start
interaction on one digital artefact and then continue on another. Both simultaneous
and sequential interaction have their own set of concepts to describe interaction. In
the following, I will give illustrative examples of complementarity as simultaneous
interaction and continuity as sequential interaction. In simultaneous interaction, the
driver will use the navigation on his smartphone to complement the activity of driving.
Following the definition above, this is simultaneous interaction as users are interacting
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with several artefacts at the same time. In sequential interaction, a user will start
listening to music on his smartphone and then continue that activity on the car’s
entertainment system. Following the definition above, this is sequential interaction, as
several users are interacting with several artefacts, but not at the same time.

The second dimension defines two ways in which the car can be part of a digital
ecology. Following recent developments with cars concerning connectivity, I find it
useful to divide how the car is part of a digital ecology into connected and non-connected.
To describe the two, I use the definition by Coppola et al., who define the connected
car as ‘equipped with modern applications, capable of interacting with other smart devices, and
capable of accessing the Internet and its services at any time’ [22]. The first part, connected,
covers cars in digital ecologies where the car itself is connected and capable of
interacting with other devices, and capable of accessing the Internet and its services at
any time. Examples of interaction with connected cars are remote-controlling central
functions such as heating or displaying car-specific information through smartphone
applications. The second part, non-connected, covers cars in digital ecologies that are
not connected and therefore not capable of interacting with other devices. An example
of non-connected cars in digital ecologies is where people complement and extend
functionality by bringing interactive technology with them into the car such as their
smartphone to access real-time traffic information and guidance. A different example
1s the use of online services to gain access to cars that are not connected, such as online
taxi or ride-sharing services.
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3 PAPER CONTRIBUTIONS

This thesis investigates the question of which activities can be supported by digital
ecologies with cars. To investigate this, I will present the empirical research
contributions in five papers that describe activities where digital ecologies with cars
are interacted with to facilitate mobility. Each paper has been placed in the framework
(see Figure 2) according to their primary contribution to activities supported by
interaction in digital ecologies with cars. The papers investigates the two themes of
electric cars that are connected and shared cars that are non-connected. Each
quadrant of the framework is exemplified by a paper and additionally, a paper bridges
Quadrants 1 and 2.

Digital Interaction
Ecology Simultaneous Sequential
P1. Driving on Sunshine: P2. Investigating EV Driving
Aligning Electric Vehicle as Meaningful Practice
Charging and Household
Electricity Production
Connected
P3. The Connected Car:
An Empirical Study of Cars
as Connected Digital Devices
Car
. . P5. Investigating the Use of
Non- P4.' Passenger T?‘l}) Plam?mg an Online Peer-to-Peer
Connected using Ride-Sharing Services Car Sharing Service

Figure 2: The fwve papers placed into my research_framework

As a prerequisite for using the framework, I use Serensens et al.’s definition of a digital
ecology as a guide. The definition describes a digital ecology as consisting of ‘a network
of nodes of users and digital artefacts, that is dynamically bound by interaction in users” activities’
[97]. As such, each of the papers investigates concepts using a number of methods to
map the interplay between users, digital artefacts, and user’s activities.

The remainder of this chapter gives a detailed summary of each of the paper
contributions. The structure of the summaries is divided into four sections as follows:
Firstly, the research question is described along with how the it relates to the
framework of this thesis. Secondly, the methodology is described. Thirdly, central
findings from the papers are summarised. Finally, the specific findings relating to the
framework of this thesis are described where I have extracted examples of concepts in
simultaneous and sequential interaction.
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3.1 PAPER1

Michael K. Svangren, Rikke H. Jensen, Mikael B. Skov, and Jesper Kjeldskov; 2018.
Driving on Sunshine: Aligning Electric Vehicle Charging and Household Electricity
Production. In Proceedings of the 10th Nordic Conference on Human-Computer Interaction (2018).

The study described in the first paper explores electric vehicles and how households
use interactive technology to integrate and align charging their car with electricity
production. The paper contributes to the understanding of simultaneous interaction
with connected cars by illustrating the use of multiple devices to be able to control and
get information about the EV.

The paper presents a qualitative study of five households (19 people) that were
recruited and sampled through an online questionnaire deployed on online car forums
targeting people who owned photovoltaics or wind turbines. Data collection was based
on a combination of informal conversational technology tours exploring the
technology available to the households and two rounds of elaborating semi-structured
interviews, first with each household member, and then with the household as a
whole. Data was transcribed, coded, and analysed thematically.

The paper presents the findings in five themes of: attitudes towards aligning,
willingness and leveraging convenience, housechold mobility, charging routines and
electricity production, and technology-assisted charging. The first theme describes
participants’ attitudes. Most participants thought that aligning was a good idea, partly
for reasons of sustainability and partly for monetary reasons. The second theme
indicates that participants’ willingness towards aligning was low, as it was a matter of
convenience, 1.e. the amount of work required was too high compared to the outcome.
The third and fourth theme describe that charging on electricity produced in the
household was seen as hard because the EV would often be away during the day when
electricity was being produced. The fifth theme describes that combining electric
vehicles and electricity production is currently not well supported by existing
technology. To cope with this, some householders created their own solutions, for
example, using charge timers to plan to charging when not home and power metres
to be able to track consumption.

From the findings, I have identified two examples of simultaneous interaction with
electric vehicles to support the activity of charging. Firstly, the use of feedback
applications was seen as important to get information about the current charging
status to collaborate in the household on scheduling alternative charging or future
trips. This was an example of collaboration, as many users were participating, e.g. one
plugged in the charger and another scheduled charging. Secondly, the use of
complementary features such as controlling charging, was used to stop charging. This
was seen as a way to postpone charging to more favourable times, and could be done
from participant smartphones. This did not require the presence of the participants,
and therefore saved them time. This is an example of complementarity, as several
interactive technologies were used at the same time, 1.e. the car, the charger, and a
smartphone to control it.
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3.2 PAPER2

Rikke Hagensby Jensen, Michael K. Svangren, Mikael B. Skov, and Jesper
Kjeldskov; 2019. Investigating EV Driving as Meaningful Practice. Accepted for
inclusion in the 3 Ist australian conference on human-computer-interaction (2019).

The study described in the the second paper investigates electric vehicles and how
owners find meaning in driving and using interactive technology to support it. The
paper offers an understanding of how sequential interaction with connected cars can
support driving and charging the EV.

The paper describes a qualitative study of five households (19 people) that were
recruited and sampled through an online questionnaire deployed on online car forums
targeting people who owned photovoltaics or wind turbines. Data collection was based
on a combination of informal conversational technology tours exploring the
technology available to the households and two rounds of elaborating semi-structured
interviews, first with each household member and then with the household as a whole.
Data was transcribed, coded, and analysed thematically using an inductive approach.
Because mobility is closely tied to people’s daily lives, we used practice theory as a lens
in the analysis.

The paper presents the findings in five themes of: joyful electric driving, transitioning
into EV driving, planning through interactive technologies, and (un)sustainable
driving expectations. The first theme explains that people find meaning in EV
experiences which are different than the ones experienced in a fossil-fueled car.
Participants mentioned that driving is a nicer experience with less noise, less stress,
and the feeling of using a technically-advanced car. The second theme describes the
challenges that participants experienced in the transition to EV driving, such as getting
used to a shorter driving range and learning how the infrastructure works. The third
theme describes how these challenges are mitigated through the use of interactive
technology that can support driving. As such, much of the use of the EV requires
planning which was done by many households by interacting across devices and
applications. The last theme indicated how EV driving for the participants caused an
increase in miles driven, which could indicate unsustainable outcomes.

From the findings, I have identified examples of sequential interaction with electric
vehicles to support the activities of planning and driving. Driving an EV requires
planning, especially when going for a long ride. When planning a ride, participants
used a number of different applications to find public chargers. These applications
were used both on smartphones and in the cars. Participants typically started planning
on their smartphones and then continued their planning when they got into their car.
This is exemplified in the paper as continuity, where users’ data is syncronised on
several platforms, and they switch between them on different devices to plan to charge
on public, proprietary, and private charging infrastructure respectively. This 1s an
example of sequential interaction, as it indicates users start working on one device and
continue on another.
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3.3 PAPER3

Michael K. Svangren, Mikael B. Skov, and Jesper Kjeldskov. 2017. The Connected
Car: An Empirical Study of Cars as Connected Digital Devices. In Proceedings of the 19th
International Conference on Human-Computer Interaction with Mobile Devices and Services (2017).

The study described in the third paper investigates how households that own a
connected electric vehicle use connectivity to support mobility in their everyday lives.
The paper contributes to the framework with findings on both simultaneous and
sequential interaction with connected cars. It illustrates how participants interact with
devices in collaboration with others, but also continue to support activities related to
driving and owning an EV.

The paper presents a qualitative study of 13 Danish households (19 participants)
owning at least one connected car. Participants were recruited and sampled through
a questionnaire deployed on online car forums. Data collection was based on fieldwork
with informal conversational technology tours for exploring their use of technology
and two rounds of semi-structured interviews to elaborate on the tours. Data was
transcribed, coded, and analysed thematically using an inductive approach.

The paper presents findings in three themes of interaction through connectivity,
updating and upgrading car software, and security and privacy. The first theme
describes how the participants interacted with their car. Most participants saw their
car as a digital device on wheels, which was comparable to a smartphone.
Furthermore, the participants mentioned useful functionality such as planning,
monitoring, and remote controlling their vehicle from their smartphone. The second
theme describes how software updates and upgrades were an important part of using
the car. For most participants, installing software on their smart devices could
complement the functionality of the car or get them new car functionality through
manufacturer updates. The third theme explains that although participants liked
much of the functionality that connectedness provided, they also had concerns about
security and privacy in using their car. Many participants had privacy concerns such
as the data being collected by the car could be exploited by other people or companies.

I have identified examples of both sequential and simultaneous interaction relating to
activities of charging, driving, and using an EV. The paper illustrates sequential
interaction with electric vehicles. Examples of sequential interaction are the use of
music applications that allowed participants to continuously move between several
devices, 1.e., their phone and in their car. Music was distributed through online
services. The study also highlights examples of simultaneous interaction. For
example, in one case, letting the spouse know the location of the car through the app
to see when the partner got off work was used as a way of collaboration to know when
to initiate dinner preparations. Sometimes households would also collaborate around
charging, for example, if a person had forgotten to start charging another could initiate
it from his phone. Additionally, complementary functionality through remote control
using a smartphone to control the car was also found to be important, especially for
EV’s to start heating up the car remotely while charging instead while driving.
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3.4 PAPER4

Michael K. Svangren, Mikael B. Skov, and Jesper Kjeldskov. 2018. Passenger Trip
Planning using Ride-Sharing Services. In Proceedings of the 2018 CHI Conference on Human
Factors in Computing Systems (2018).

The study described in the fourth paper investigates how ride-sharing passengers use
online services to support planning their journeys. The paper provides findings on
simultaneous interaction with non-connected cars. It illustrates how people use ride-
sharing services to plan their trips.

The paper presents a qualitative study of 19 ride-sharing passengers from Denmark
and how they used the two online ride-sharing platforms; GoMore and Facebook.
Data collection were done in three phases. Firstly, the authors participated in five rides
in-situ and interviewed four of our fellow passengers about their experiences and use
of ride-sharing services. Secondly, the authors observed and conducted informal
interviews with five participants centred around planning a ride in-situ. Finally, semi-
structured interviews with ten passengers were used to ask specific questions informed
about the prior two parts. Data was based on a mix of audio files and researcher notes.
Data was transcribed, coded, and analysed thematically.

The paper presents the findings in six themes of finding rides based on price, time,
and place, ride pick-up and drop-off negotiation, using public transportation to reduce
uncertainty, ad-hoc handling of the unforeseen, using social media to plan
conversation topics, driver reliability and privacy. The first theme illustrates the
difference in preferences across participants when finding a ride, which was often
based on leveraging price, time, and drop off and pick up places. The second theme
concerns how passengers and drivers often use the ride-sharing platforms to negotiate
the preferences for a trip. The third theme concerns using public transportation as a
backup to support the full journey of a passenger. The fourth theme involves how
passengers would often plan their trip ad-hoc using devices such as smartphones. The
fifth theme describes how participants look up fellow passengers on social media to
plan conversations. The final theme illustrates that although participants were users
of many online ride-sharing services, they were cautious about giving too much
information to their fellow passengers and drivers due to issues of trust.

In relation to my framework, the paper illustrates examples of simultaneous
interaction with non-connected cars enabled through sharing services. A central
activity in ride-sharing is planning, which was done by several users collaborating
around a ride on the online sharing platforms. Two examples of simultaneous
interaction could be observed here. Firstly, sharers and owners often used online
platforms as a place for negotiating a price and pick-up location. This is an example
of collaboration, as several participants are engaged in the activity through a platform.
Secondly, sharers also used multiple mobility-related services extended to their
smartphones to plan ad-hoc to be able to continue their trip. This would often include
the comparison of different preferences on the various platforms. This is an example
of complementarity services, and devices complement each other.
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3.5 PAPERS

Michael K. Svangren, Margot Brereton, Mikael B. Skov, and Jesper Kjeldskov; 2019.
Investigating the Use of an Online Peer-to-Peer Car Sharing Service. In Proceedings of the
17th IFIP TC.13 International Conference on Human-Computer Interaction (2019).

The fifth paper investigates how car sharing users interact with a digital service that
supports them in planning, finding, and picking up shared cars. The paper contributes
to findings on sequential interaction with non-connected cars. It illustrates how
participants move across different modes of transportation and services.

The paper presents a qualitative study of 16 users of car sharing (ten car-borrowers
and six car-owners) which used the car sharing platform Car Next Door in Brisbane,
Australia. Participants were recruited in collaboration with the company behind the
platform, where questionnaires were sent out gathering initial data for sampling
purposes. Data collection were based on a mix of three qualitative methods; Firstly,
we asked participants to fill out diaries about their experiences with car sharing.
Secondly, semi-structured interviews were conducted with both owners and
borrowers. Thirdly, we observed borrowers using their smartphones to book cars. The
data were transcribed, coded, and analysed thematically.

This paper presents four themes of; fueling individual motivation, supporting daily
mobility, facilitating car sharing purposes, and socialising P2P car sharing services.
The first theme illustrates how participants used car sharing to fuel both practical and
intrinsic motivational factors. The second theme describes how car sharing was used
in a variety of situations ranging from mundane small trips to extraordinary long
journeys. The fourth theme describes how car sharing services facilitate these different
situations such as different preferences of cars, location convenience, and price. The
final theme describes the challenges of using an online service for car sharing. While
some participants were happy accessing cars in a fast way without having any face-to-
face communication, others felt like it was an alienating experience, especially when
they knew that they were borrowing other people’s cars.

In relation to my framework, I identified sequential interaction supporting the
activity of car sharing with non-connected cars. Participants are not users of single
modes of transportation but use multiple to stitch together their journeys. For
example, car sharing was useful for a number of purposes, e.g. short mundane trips or
extraordinarily long trips. However, it often required participants to combine different
types of mobility to actually get to a car, e.g., taking a bus or train to the location of
the car. Moving across modes of transportation required planning, which was done
using different transportation services. Planning how a journey could be facilitated was
carried out across these services, taking into account preferences such as location,
price, and type of car. This is an example of sequential interaction as it is done across
devices by moving between platforms and mobility modes.

28



4 DISCUSSION

This thesis has described a framework for understanding interaction in digital
ecologies with cars. It has also presented empirical findings in five papers that
investigate interaction in digital ecologies with cars. In this chapter, I will take a step
back and discuss the framework and papers. In Section 4.1, I will revisit the
framework and discuss my considerations towards its use. Section 4.2 will discuss
design considerations based on the papers included in the thesis.

41 FRAMEWORK REVISITED

The purpose of the framework described in this thesis is to characterise interaction
in digital ecologies with cars. This section will discuss the focus of the framework
and its components in describing a digital ecology as a whole. I will do this in three
parts; these are depicted in Figure 3 below. The first part will address the
framework as a whole discussing commonality across the framework dimensions.
The second will discuss how the papers have been placed within the framework.
The last part will discuss interaction as a scope and which understandings lie
beyond this.

Digital Ecology /

Interaction

Simultaneous Sequential

BN

Connected

7

Figure 3: Three areas of discussion_for the framework. From left to right, 1) Looking across dimensions, 2)
Placement of papers, and 3) Interaction as a scope.

411 LOOKING ACROSS DIMENSIONS

In the five paper contributions, I have presented empirical findings on interaction in
digital ecologies with cars. In this section, I will take a step back and consider
interaction in digital ecologies across dimensions of the framework.

For simultaneous and sequential interaction, there are differences in how people
interact with the interactive technologies composing digital ecologies. For connected
cars, Paper 1 describes how people interact with technologies to complement car
functionality (e.g. remote controlling through several devices) or collaborate around
an activity (e.g. one user checking the location of the car while another is driving it).
This describes interaction happening at the same time. On the other hand, Paper 2
describes continuous interaction (e.g., a user switching between devices) which is
characterised by occurring at different times. Similarly, non-connected cars are
characterised by the same types of communication. For example, Paper 4 describes
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collaboration (e.g., several users collaborating around negotiating rides) and Paper 5
describes continuity (e.g., how individual users change between transportation modes).
One can argue that these distinctions are a relationship between the users and the
interactive technologies they use in an activity. As such, simultaneous interaction can
be described as a many-to-one or many-to-many type of relationship. The focus is here on
groups of users or interactive technologies. Sequential interaction, on the other hand,
reflects a one-to-many where the focus is on the single user and many devices in
sequence. Although these distinctions are not formally described by Serensen et al.
[97], I believe they are helpful characteristics of interaction in digital ecologies.

For interaction across connectivity and non-connectivity in cars, there are similarities
in the devices people interact with in a digital ecology. Bridging both connectivity and
non-connectivity it seems in the papers that the smartphones are central devices for
interaction. The focus of the interaction with smartphones in digital ecologies through
connectivity was mostly directed towards activities using specific car functionality. For
example, Paper 3 describes using devices to get real-time information or remote-
controlling to support driving. On the other hand, smartphone use in digital ecologies
where cars were non-connected, the purpose of interaction was directed towards
activities such as planning to access infrastructure. For instance, Papers 4 and 5
primarily illustrate how people use digital services to plan how to access cars. Jung et
al. [51] provide a similar characterisation of the use of devices. They argue that
technology has different meanings depending on the activity they are used in, e.g. for
cars, a smartphone might be used for both planning, navigation, and remote
controlling. The paper contributions provide similar findings on the use of
smartphones that serves different purposes for people across dimensions.

4.1.2 PLACEMENT OF PAPERS

Capra argues that understanding a digital ecology means understanding it as a whole
[17]. The papers placed in the framework can be seen as understanding parts of a
digital ecology. Placing a specific paper in a quadrant of my framework implies a
certain focus. It can be argued that by placing them differently, other perspectives
might be obtained. In this section, I will discuss the paper placement and how placing
the paper contributions differently can contribute to a broader understanding of the
digital ecologies investigated.

In understanding a digital ecology, the division of interaction has been useful as
boundaries to narrow the scope of focus and to identify specific concepts of
interaction. The papers have been placed in the framework to characterise these
interactions in digital ecologies with cars. However, the placement of the papers
should not be seen as defining. Each paper can be understood from different
perspectives of interaction, although it will require a change in focus. As such, each
of the papers that have been described with one perspective on interaction could be
described as the other. For instance, Paper 5 describes the sequential interaction of
how individual borrowers interact continuously across different types of
transportation. However, we might also describe simultaneous interaction, such as
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how borrowers plan their trip simultaneously by comparing options on several
devices. In understanding interaction in a digital ecology, it could be useful to
consider multiple perspectives, and doing so could help provide a broader
understanding of interaction within a particular digital ecology.

Using the definitions of connectivity from Coppola et al. [22], the individual papers
have been placed in the framework with respect to connectedness. The cars studied in
the papers had different levels of connectedness and can be classified as both
connected and non-connected. For instance, Paper 5 describes a study of car sharing
placed in the framework as being non-connected. However, the car-sharing service
had installed connected features in the car, such as a lockbox with a real-time location
accessible through an online service. As such, one could argue that this functionality
approximates both that of non-connected and connected cars. I believe that this
observation provides a useful perspective on cars in digital ecologies as not only being
connected or non-connected, but should sometimes be characterized as both. As an
example, Paper 5 describes non-connected cars where additional technology has been
installed to provide basic connected functionality (e.g., a location and lockbox).
However, interaction could also be described from a connected perspective. Similarly,
Paper 3 illustrates how participants used their smartphones to plan trips, and how to
access charging infrastructure. As such, a connected car perspective could be applied,
as such planning did not involve interaction with their car.

4.1.3 INTERACTION AS A SCOPE

In this thesis, I focus on interaction as a scope for understanding a digital ecology. It
can be argued that focusing on interaction 1n itself is a boundary and that there are
understandings beyond this that the framework cannot tell us about. Hornbak and
Oulasvirta argue that different perspectives on interaction offer ‘different vocabularies for
phenomena with their own distinet boundary’ [41]. Similarly, I argue that providing
understandings beyond the framework will require a different vocabulary. In the
following, I will discuss what the framework can provide understandings about, and
which understandings are beyond its use.

The focus on concepts of interaction as described by Serensen et al. [97] provides
boundaries in the sense that they focus on temporal aspects of interaction. This 1s the
focus for the framework, and is also reflected in how interaction in digital ecologies
with cars are described in the paper summaries. However, it could be argued that
other dimensions exist besides the temporal one that I have adopted in my framework.
For example, Paper 3 describes that simultaneous interaction occurs between a person
driving a car and a spouse checking up on his location. Using the terminology of
Serensens et al. [97], this would be understood as collaborative or complementary
interaction, because it is interaction with several devices at the same time. However,
adding to this perspective, one could also argue that interaction has spatial aspects as
also argued by Johansen, who describes interaction happening in both #me and space
[49]. As such, while the above interactions might happen at the same time, they might
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happen in two different places, e.g., considering if people are located remotely or are
collocated. Although the concept of space is beyond the use of my framework, such
concepts could, for instance, provide more detailed descriptions of interaction.

Although the framework provides conceptualisations of how people interact in digital
ecologies with cars, the concepts can only explain interaction. The papers included in
this thesis present examples of more than just interaction. An example is how people
do not use technology. These examples were identified as a result of the research
methods that gave the prerequisites for using the framework, that is, a broad
understanding of interactive technology, the users, and their activities. For example,
Paper 3 illustrates how participants use various applications for their smartphones to
support mobility. However, the paper also illustrates that they disengage from using
certain applications because they do not trust that developers can keep their
credentials safe. Although these people might seem like bad users to a developer, there
1s, in fact, much to be learned from them. Satchell and Dourish argue that there is just
as much to learn from how and why people disengage from the interaction as there 1s to
actual interaction [93]. In the HCI literature, there are similar examples of why people
disengage from using technology as discussed by Baedker et al. [11]. They present ways
of explaining why disengagement occurs. For instance, people actiwely resist particular
technologies and people rely on others as mediators for use. For example, Paper 3
describes how participants actively resist interacting with some smartphone
applications because they fear data compromisation. Furthermore, it describes how
some participants disengage from interacting with a digital ecology because they rely
on a spouse as a mediator to facilitate use. The above examples are beyond the scope
of my framework. To provide such explanations (e.g., a vocabulary for why
disengagement occurs) researchers might find inspiration in other perspectives on
digital ecologies. Considering the paper contributions such insights into digital
ecologies might come from accounts of practice and values as also argued by Forlizzi

[35] and Nardi and O’day [77].
4.2 DESIGN CONSIDERATIONS

This thesis contributes to the existing HCI literature by providing empirical findings
on the activities supported by digital ecologies with cars. Considering the papers in
this thesis, it is evident that digital ecologies are used to facilitate people’s mobility with
cars. Furthermore, though their use, it could seem that many of the challenges found
in the HCI literature relating to electric and shared are mitigated. In this section, I
discuss design considerations of my work in two themes. The first theme will discuss
design opportunities for interaction in digital ecologies with cars. I will discuss and
provide considerations for activities that can be supported through digital ecologies.
The second theme will discuss design challenges for interaction in digital ecologies
with cars. I will discuss considerations and give examples from the papers of activities
where challenges were found.
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4.2.1 DESIGN OPPORTUNITIES FOR INTERACTION IN DIGITAL
ECOLOGIES WITH CARS

The papers in thesis show that a number of activities related to mobility with cars can
be supported through digital ecologies. I believe that interaction in digital ecologies
will become increasingly relevant in the future as society moves towards different ways
of using cars. For instance, in autonomous cars, designers are working on less
interaction with the car itself [19]. This development could require interaction with
complementary devices, e.g., the smartphone to monitor and control the self-driving
cars. Further, many observers argue that society is moving towards mobility as a
service (MaaS) defined by more access and less ownership [13,38,48]. This will require
new ways of accessing cars through people’s digital ecologies.

The papers in this thesis suggest that many of the challenges of EV and shared driving
can be mitigated through interaction with digital ecologies. For instance, participants
in our EV studies used their digital ecologies to support charging and expressed that
it made them care less about depletion of the batteries, i.e., range anxiety [52].
Similarly, planning overhead of car sharing [24,75] was perceived as insignificant
because participants’ digital ecologies supported combining transportation modes as
they pleased. These are examples of different activities that call for their own set of
people involved, and devices and services to be interacted with. This is what Badker
refers to as the dynamics of digital ecologies [10], that is, how people appropriate
interactive technology in various ways to support their activities. I believe that these
combinations are an opportunity that designers can learn from. The paper
contributions in this thesis have identified some activities supported in the cases of
electric and shared cars. In the following section, I will give my recommendations and
provide examples of activities that can be supported through interaction using
concepts from the framework. Three types of interaction and how they support
activities in people’s lives are described: collaborative, complementary, and
continuous interaction.

Collaborative interaction

Collaboration can be used to support activities where people are interacting
simultaneously but are located remotely. For the papers describing connected electric
cars’ information such as location and car state was used as a way for family household
members to collaborate. Paper 3 describes that in one household, the car's location
was used as a way to signal when household members would cook dinner. In another
household, monitoring a car’s charge status allowed one household member to start
charging from the phone if the spouse forgot. In this way, family members could
collaborate and support each other. For car sharing with non-connected cars,
collaboration was seen as a way of coordinating and negotiating with others on sharing
services. Paper 4 describes that people who ride-share use several devices and online
services to plan a complete trip. In this way, multiple platforms were a way to combine
the best possible trip together with other sharers.
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Complementary interaction

Connectivity opens up extending and remote controlling the cars’ functionality, and
can be used to support activities where people and cars are located remotely. For the
papers concerning electric cars, complementary interaction with digital ecologies
supported activities such as charging and controlling temperature settings. These
examples describe activities interacting with the car without requiring a physical
presence. Paper 1 describes people complementing the use of their car through an
application on their smartphone by remotely start and schedule charging Papers 2
and 3 describe people who control temperature settings on their smartphones. For
shared cars, both Papers 4 and 5 describes how services are extended to smartphones
that can be used to support planning ad-hoc.

Continuous interaction

Moving across technologies and can be used to support activities where interactive
technology and people are collocated. For the papers concerning electric cars,
continuous interaction with digital ecologies supported activities such as planning
where to charge. This was often done with the devices at hand. Paper 3 describes how
people starts to plan their journeys and charging points on their smartphones and then
continue when they get to the car. For papers concerning car sharing, it should be
considered that sharers do not only transport themselves by car. Rather, they are users
of many modes of transportation that complement each other to facilitate car sharing.
As such, continuous interaction supported the activity of moving across different
services to plan a journey, but also moving across transportation modes. Paper 5
illustrates that besides personal devices, people move across different transportation
modes (e.g., bus, train, and car) to complete their journey while car sharing. This is
supported by careful planning and leveraging of preferences on different service
provider applications.

4.2.2 DESIGN CHALLENGES FOR DIGITAL ECOLOGIES WITH CARS

The papers in thesis show that challenges exist for the design of digital ecologies with
cars. In this section, I will discuss these challenges in two themes as considerations for
design. Firstly, I will discuss trust and privacy as contributors to why people disengage
from interacting with interactive technology in digital ecologies. Secondly, 1 will
discuss how designs should support people’s differences.

Trust and privacy

While digital ecologies with connected and non-connected cars can support a number
of activities, they can also be a source of privacy and trust concerns. In the papers, this
was described as a contributor to people deliberately disengaging from using certain
applications and services.

In the papers concerning connected cars, participants were cautious about which
connected interactive technologies they use together with their car. Paper 3 describes
participants using smartphone applications to support functionality, such as live
location and remotely controlled heating to support driving activities. However, they

34



were also aware that data was being collected from the car and that 3+ party
applications required and stored credentials. This led some participants to raise
questions about privacy and data security. Designers should consider the car as a
connected mobile device and could look to the HCI literature for inspiration for
designs. For the papers concerning non-connected cars, it was illustrated that some
participants wanted information about others to gain trust, but others gaining
information about them was a privacy concern. Paper 4 illustrates that while
interaction with many different online services was seen as supportive towards trusting
others, paradoxically, many participants did not want these others to know too much
about them. The possibility for drivers to gain information about other passengers
through online platforms were seen as a contributor to trusting them. However, the
amount of personal information available about themselves when interacting online
was considered a privacy concern. Towards this end, the ride-sharing platform was
seen as extra security because the provided user reviews.

Although concerns about privacy and security are not new in HCI research, the paper
contributions show that they also apply to interaction in digital ecologies with cars.
However, designers needs to take such accounts into consideration for their designs.
As such, the HCI literature can serve as inspiration. As examples, for trust, simple
mechanisms such as the use of ratings linked across platforms could be useful (e.g.
[25,42,95]). Increasing the visibility of data logging or simply enabling users to turning
off features such as location services (e.g., [67]) could help with privacy.

Designing for diversity

The paper contributions highlight that each user’s interaction in digital ecologies is
highly individual. I will focus this discussion on designing for two types of users
described in the paper contributions. The below examples are based on observations
across papers and are not an exhaustive list; there are, of course, individual differences
not captured in these descriptions.

The first type of user is one that is inherently interested in and motivated by
technology. They find meaning in combining different technologies into a digital
ecology and orchestrate their digital ecologies to the activities they participate in. As
such, they appropriate and interact with many different devices, applications, and
services. In the paper contributions, we refer to these users as ‘tinkerers’ and ‘early
adopters’ with references to Yolande Strenger’s resource man [99]. As also described in
the HCI literature, they are typically the driving force behind bringing new technology
into the household and using it [46,71,99]. I believe that these users should be
supported in their interest in appropriating technology. As such, it could be of interest
for designers to consider designing technology that can rather than should be used as
part of a digital ecology.

The other type of user is one that resists or is behind in the adoption of technology.
They interact with digital ecologies consisting of the same set of interactive
technologies and are not willing to compromise comfort for combining technologies.
This type of user is exemplified in Paper 3 as one that relies on others to mediate
interaction (i.e., driving or planning through different technologies). Failing to find a
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mediator resulted in reverting to old familiar technologies (i.e., fossil-fueled cars).
Paper 1 describes the user as a person who values comfort over resources spent on
learning new technology describe that these users often disengage from using complex
digital ecologies (i.e. interacting with too many interactive technologies to facilitate an
activity). Considering design, as also discussed by Bedker et al. [11], it is important to
consider that users simply are not ready or willing to use a complex digital ecology,
but rely on other people with a higher degree of interest, digital literacy, and
willingness to mediate their interaction. They are not bad users, but simply have
different requirements [27]. As also discussed by Jensen et al. [46,47] and
Strengers [99], these users could require much simpler solutions such as automation
that can reduce complexity.
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5 CONCLUSIONS

This thesis has contributed with a framework for characterising interaction in digital
ecologies with cars. It has also provided empirical understanding on how digital
ecologies support user activities. This chapter concludes the thesis by answering the
research questions, describing limitations of the thesis, and outlining future work.

5.1 RESEARCH QUESTIONS

RQ1: What characterises interaction in digital ecologies with cars?

Interaction in digital ecologies with cars can be characterised in two dimensions. The
first dimension describes interaction in digital ecologies. This can be characterised by
two concepts of sumultaneous or sequential interaction. The second dimension describes
how cars are part of digital ecologies. Cars in digital ecologies can be characterised
through two concepts of being connected or non-connected.

A contribution of the thesis is a framework that characterises interaction in digital
ecologies with cars. The framework merges the above concepts for characterising
interaction in digital ecologies with cars. For describing interaction, I adopted the
terminology and concepts of interaction as either being simultaneous or sequential.
When using the concept of simultaneous interaction, I refer to users interacting with
several digital artefacts at the same time, and sequential as when users start interaction
on one digital artefact and then continue on another. Cars can be part of digital
ecologies in two ways: connected and non-connected. When using  the
term ‘connected’, I refer to cars that are capable of interacting with other devices and
capable of accessing the Internet and its services. When using the term ‘non-
connected’, I refer to cars that are not connected and therefore not capable of
interacting with other devices through the Internet. The use of the framework builds
on the notion of a digital ecology as consisting of ‘@ network of nodes of users and digital
artefacts, that is dynamically bound by interaction in users’ activities’. As such, an understanding
of these concepts is part of an investigation to provide a prerequisite for using the
framework.

Discussing the framework across dimensions, I argue that a useful analogy for
interaction in digital ecologies can be the relations between people and devices, such
as one-to-many or many-to-one. I also argue that connected and non-connectedness
can be seen as scales, as many cars today can be characterised as both, depending on
the focus. Discussing each dimension, I argue that both simultaneous and sequential
interaction along with connected and non-connected cars should be seen as
complementary perspectives for describing a digital ecology as a whole. Discussing the
scope of the framework, I argue that there are understandings that are beyond the use
of the framework. For example, the framework tells us little about the place in which
interaction occurs and similarly cannot provide us with understandings about non-use
and practice.
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RQ2: Which activities can be supported by digital ecologies with cars?

The paper contributions in this thesis illustrate that digital ecologies are used in a
number of activities to support mobility in everyday life. For instance, for electric
vehicles, complementing car functionality and collaboration through other devices
support the activity of charging. For sharing cars, collaboration between people
through sharing platforms can be used to negotiate trips and continuity moving across
modes of mobility can support the planning of journeys.

In this thesis, I have presented five paper contributions illustrating how digital
ecologies with cars are interacted with in everyday life. To do this, the constructed
framework has been used as an analytic lens. The papers investigate the cases of
electric vehicles and shared cars and interaction have been described as either
simultaneous or sequential interaction;

Two papers describe either simultaneous or sequential interaction with connected
electric vehicles. An addidional paper bridges both simultanecous and sequential
interaction with electric vehicles. These papers investigate the interaction with
electric vehicles. Paper 1 illustrates that people complement the functionality of their
car using several devices and services to support charging. Paper 2 shows that people
interact continuously interact across a number of services to plan their journeys, e.g.,
by planning on their smartphone and then continuing in their car. Paper 3 illustrates
that people collaborate simultaneously around activities where the car is central, for
example, one person drives the car while another looks up their position to be able to
know when to cook dinner. Paper 3 also illustrates sequential interaction by describing
how people move across devices by between listening to music on their smartphone
and then continuing that activity in their car. Two papers describe either simultaneous
or sequential interaction with non-connected cars. These papers investigate the
interaction with shared cars in the cases of ride and car sharing. Paper 4 investigates
ride-sharing and shows that people collaborate through a number of services to plan
and negotiate rides. Paper 5 investigates car sharing and shows that people move
across transportation modes and services to support their journey.

Although this thesis focuses on understanding digital ecologies with cars, I have
provided implications for design in two themes. In the first theme, I outline design
opportunities for interaction in digital ecologies. I argue that designer should draw
inspiration from the dynamics of how people combine interactive technology in their
daily lives. I provide three examples of 1) how collaborative interaction can be used to
support activities where people are interacting simultaneously but are remotely
located, 2) how complementary interaction can be used to support activities where
people and cars are remotely located, and 3) how continuous interaction can be used
to support interaction in digital ecologies where devices and people are collocated. In
the second theme, I outline two design challenges for interaction in digital ecologies
with cars: 1) how trust and privacy can be a contributor to people resisting the use of
particular interactive technologies, and 2) that people are diverse and designers need
to consider these differences in their designs.
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5.2 LIMITATIONS

The work in this thesis does have some limitations in terms of the constructed
framework and studies described through the papers. These are described below.

Firstly, the choice of Serensen et al.’s concepts of interaction for the framework is
limited in their understandings. For instance, the framework has a focus on interaction
over time and does not explicitly say anything about non-use or the place in which
interaction takes place. This is a boundary of choice to focus on interaction and thus
beyond the scope of the framework. However, as discussed in Chapter 4, these are
also important aspects of a digital ecology and something that adopting researchers
should have in mind.

Secondly, the two cases of electric and shared cars chosen for the papers to exemplify
interaction within the framework is in no means fully exhaustive for all modes of cars.
These two modes were chosen for practical reasons and fit into the framework’s
dimension of connected and non-connected cars in digital ecologies. Despite this, I
recognise that other modes would be interesting to pursue and would fit into the
framework as well. For instance, traditional fossil-fueled, hybrid, or autonomous cars
could similarly provide interesting findings.

Thirdly, the studies described in the papers included in this thesis are based on
qualitative methods such as observations, participation, and interviews. These
methods were used as a mean for triangulation and to get in-depth and explorative
initial insight about the area of concern as described in each paper. Because these
studies are qualitative, I do not claim that they are generalisable across a wider
population. I acknowledge that other methods are required to provide statistical
generalisability.

Fourthly, since the studied technologies and services are relatively unique, 1.e., EVs
and shared cars, the focus has primarily been on those people who are actively using
them. This means that a large number of the participants recruited could be classified
as early adopters, which many of the results also reflect. While I do believe that insight
into interaction in digital ecologies for this group of people are important, I also
recognise that other groups have different preferences and prerequisites for interaction
in digital ecologies. Further investigations will be needed if insight must be provided
about other groups of people.
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5.3 FUTURE WORK

This thesis has contributed with a framework for understanding interaction in digital
ecologies with cars and provided insight into how digital ecologies support mobility
with cars. Based on this, the research gives rise to future work on both understandings
and designing for digital ecologies with cars.

Firstly, it would be interesting to conduct further studies in further pursuit of
understanding interaction in digital ecologies with cars. As described in the limitation
section, it would be interesting to conduct studies across a wider population other than
first movers or early adopters. This would also enable us to tell how interaction is
manifested across various groups of people. Furthermore, it would be interesting to
explore other perspectives of investigating the interaction with digital ecologies than
just the one adopted in this thesis. Based on the papers, an analysis of practice that
provides deeper insight about why people use a particular set of technologies would
also be interesting.

Secondly, while the framework is primarily seen as a tool for understanding interaction
for digital ecologies with cars, it would be interesting to unify the knowledge obtained
with design aswell. As described in Chapter 4, digital ecologies have been studied with
the purposes of understanding but provide implications for design as well. As described
by Brudy et al. [15], there is a gap between design and understanding in the literature.
The design of digital ecologies often lack an understanding of real-life activities, and
thus, their real-life applications are hard to predict. From my perspective, the
abstractions of interaction obtained through the papers in this thesis allow us to move
towards this unification that can give inspiration to designers. I think it would be
interesting to pursue designs based on the findings from studies such as the ones
described 1in this thesis. To learn more about how these designs work (or not), field
evaluations could be beneficial.
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6.1 Driving on Sunshine: Aligning Electric Vehicle Charging
and Household Electricity Production

Michael K. Svangren, Rikke Hagensby Jensen, Mikael B. Skov, Jesper
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household. However, aligning household electricity production and electric vehicle
charging have received little attention in HCI although both areas have been pursued
separately for a number of years. In this paper, we present findings from a qualitative
study that explore the potential of aligning electric vehicle charging with times where
renewable electricity is being produced in the household. We present an empirical
qualitative study of 5 households (19 persons) that own electric vehicles and also
produce their own renewable electricity. Our findings, described in five themes, reveal
that aligning charging and electricity production can be a challenge and tension exist
for aligning consumption such as motivation, roles, mobility patterns, and electricity
producing technology. We further discuss our findings and possible directions for
future HCI research in the field.
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ABSTRACT

Electric vehicle seems to go well together with the growing
societal trend of becoming more self-supplying with
renewable electricity produced in the household. However,
aligning household electricity production and electric vehicle
charging have received little attention in HCI although both
areas have been pursued separately for a number of years. In
this paper, we present findings from a qualitative study that
explore the potential of aligning electric vehicle charging
with times where renewable electricity is being produced in
the household. We present an empirical qualitative study of
5 households (19 persons) that own electric vehicles and also
produce their own renewable electricity. Our findings,
described in five themes, reveal that aligning charging and
electricity production can be a challenge and tension exist for
aligning consumption such as motivation, roles, mobility
patterns, and electricity producing technology. We further
discuss our findings and possible directions for future HCI
research in the field.

Author Keywords
Electric vehicles; household electricity production; user
study; sustainability

ACM Classification Keywords
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INTRODUCTION

In the last years we have seen an increasing growth and
adoption of electricity producing technologies for the home,
such as wind turbines and photovoltaic panels have allowed
households to become more self-supplying with energy [7].
The produced electricity can be used in several household
activities like heating, lighting, washing, and cooking.
Further, mobility can also be added to the set of self-
supplying activities, as adoption rates of electric vehicles
(EVs) that have the ability to be charged from home have
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increased in the last years [7]. However, producing
electricity from renewable energy sources might present a
challenge when trying to combine it with EVs as the supply
from renewables is not constant, but rely heavily on weather
conditions. Unless the electricity can be stored, it must be
consumed when it is available, at the right time [28,42].

In the HCI research community, we have seen an interest in
studying how to be self-supplying with electricity and how
to align production with the consumption of various
appliances in the household. However, aligning EV
consumption with produced electricity is still a unique
combination and HCI research has mostly treated them as
two separate topics [7]. As such, HCI research into EVs has
had a strong focus on driving related challenges, for
example, range anxiety [18,33,38] and the lack of driving
feedback [32,34]. In contrast, HCI research into household
production has looked into how to assist appliance
consumption of produced electricity. As examples, assisting
electricity consumption through smart-agents [2,23] and eco-
feedback [20] through lighting [25,39], art and ambience
[22,47], or physical materials [9,45,59]. Much of this
research suggests that consuming energy is deeply woven
into household structures and requires a deeper
understanding of not only technologies but also the practices
of the home [30,43,44].

The technologies associated with both electricity production
in the home and EVs are moving quickly forward and into
our everyday lives. However, despite ongoing research, we
lack studies that provide detailed understandings of how and
if they can be aligned. In this paper, we extend current HCI
literature with an empirical qualitative study of 5 households
(19 persons) that both produce their own electricity and owns
an EV. We combine in-depth semi-structured interviews and
informal conversational technology tours to answer the
questions of if and how EVs and home-produced electricity
can be aligned and who is involved in the process. To do this
we investigate household structures, practices, and the
opportunities and challenges householders face in the
combination of these two technologies. We present our
findings in five themes revealing that aligning faces
challenges by current household structures, such as
motivation, roles, mobility patterns, and electricity
producing technology We further discuss the opportunities
and challenges in relation to our findings under four headings
that provide inspiration for future HCI research and design.



RELATED
In the next two sections, we will unfold the current HCI
research. Firstly, we describe research that has focused on
aligning electricity consumption and production and second,
we describe research with electric vehicles and household
integration.

Aligning Electricity Consumption and Production

The HCI research community has for at least a decade
engaged in design challenges surrounding raising awareness
of the consumption of resources as a mean to promote
sustainable behaviour [4]. Different resources have been
investigated such as, consumption of water (e.g., [20,37]),
heat (e.g., [1,2,15,23,60]), food [62] and electricity (e.g.,
[8,16,24,28,29,40,48,49]). A considerable amount of this
work investigates how to influence consumption through the
design of eco-feedback [19] by using different means to
visualise resource consumption e.g., lighting [25,39], art and
ambience [22,47], or physical materials [9,45,59].

A body of research falls into a more technical category with
a goal of automating energy alignment through smart agents,
for example, Alan et al.’s Tariff Agent [2], Jensen et al.’s
HeatDial [23], Yun et al.’s Intelligent Dashboard [61], and
Alan et al.’s SmartThermo [1]. Together these studies
illustrate a potential of letting an automated system assist
households to align consumption. However, some of these
studies also report a loss of engagement over time that
potentially may undermine the sustainable benefits of the
smart agent [60].

Recent research has suggested that desires to become self-
sufficient with renewable electricity (e.g., through home-
owned technologies like photovoltaics and wind turbines)
appear to positively influence a households’ engagement
with their electricity consumption [8,29,41]. However, due
to the varying output of these technologies (a photovoltaic
panel only produces electricity when the sun shines),
sustainable behaviour also becomes a matter of a
household’s willingness to change electricity-consuming
activities in time and place to be able to align these activities
to when renewable electricity is available [41,42]. Towards
this end, a number of papers address the potential of aligning
or shifting the consumption of electricity. For example,
Kjeldskov et al. [28], Pierce and Paulos [41], Simm et al.
[49], and Rasmussen et al. [46] investigate the potential of
aligning electricity consumption and renewable production
by studying the impact of forecasting various information
about electricity consumption via feedback displays.

More recent research suggests that energy consumption is
woven into household practices that involve complex social
dynamics and expectations [53]. Changing the consumption
requires a broader understanding that also involve the
energy-consuming practices, we are attempting to intervene
in through our designs [30,43,44]. Towards a deeper
understanding of household practices, some HCI studies aim
at understanding specific situations, most noticeable
washing, for example, Costanza et al. [16], Bourgeois et al.
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[8], and Jensen et al. [24]. Findings from these studies
suggest that there is a difference in the kinds of practices
households are willing to change in an effort to align
consumption. For example, it appears households are more
willing to align consumption of practices where some tasks
have already been delegated to semi-automated technology
[14] such as washing (washing machines) [8,16], or heating
(smart agents) [15,23] while people are less willing to align
practices such as cooking [28,41,46,48].

Electric Vehicles and Household Integration

Electric vehicles (EVs) have had the attention of the HCI
community for some time. A considerable amount of
research on EVs has focused on the challenges related to
adopting and driving them as they form a new kind of driving
experience compared to the traditional car experience
[12,31,32]. For EVs, there has been a strong focus on drivers
worrying about the depletion of the battery, which is often
referred to as range anxiety [27]. As such, this has resulted
in research addressing these challenges (e.g.,
[26,31,32,34,54]]). As examples, Jung et al. explore impact
of displayed uncertainty in instrumental estimates of range
[27], while Landau focuses on creating an interface that
makes up for the lack of feedback in EVs, for example, the
lack of sound or vibration, or knowing when the EV is ready
to drive [31]. More recently, we have also seen research
focusing on the connected features of EVs and how they
support daily practices [55].

A number of papers (e.g., [10,13,58]) are addressing more
technical aspects of how EV charging can be merged into the
household by, for example, investigating algorithms for EV
energy storage during off-peak hours [10]). In contrast, there
are significantly fewer HCI studies that address the merging
of EVs and home-produced electricity, with an outset in
household practices and if the combination is even feasible.
One HCI study that has explored this unique combination is
Bourgeois et al. [7]. In their study, they investigated the
feasibility of self-sustaining electrical mobility and provide
an understanding of how EVs are integrated into the
household. They further argue that there is a need for
technology to increase the visibility of produced electricity
and improve and personalise how its managed.

STUDY

With an emerging societal interest of electric vehicles along
with a desire of becoming more self-supplying with energy,
we argue that there is a need for research on combining the
two. In this paper, we address this gap and contribute to HCI
research with an understanding of current household
structures and practices that surround the combination of
EVs and home-produced electricity. We do this by reporting
from an empirical study of five Danish households with both
EVs and household electricity production.

Participants

We recruited 5 households for our study. We recruited the
participants through online forums for renewable energy and
EV (for example, through Facebook groups). To ensure



diversity, we chose the five households from the following
five criteria: (i) either PVs or wind turbines, (ii) different EV
models, (iii) different composition of the households (e.g.
couples or with/ without children), (iv), how long they have
had their EV, and (v) with and without a secondary fossil-
fuelled car.

As seen in Table 1, the five households consisted of 19
persons of which 11 were adults (with a driving license) and
8 were children. Four households owned PVs. However, to
present a different perspective, we also chose to include one
household owning a wind turbine. Although household PVs
are far more common in Denmark, an alternative is
household wind turbines, that present a rather unique
combination when combined with electric vehicles. Four
households had children living at home and the remaining
had children that had moved away from home. All
households were located in Denmark in city suburbs or in
rural areas. Two households were exclusively EV
households (H1 and H2) while the remaining three
households were hybrid households owning both an electric
EV and a secondary fossil-fuelled car. Adults in all
households were in permanent jobs, except (H2), were both
adults had retired. All families were middle-class
households, where four were living in single-family houses
and one (H2) lived in an apartment during winter and in a
rural residency in the summer. Household mobility needs
would vary between 15.000 km pr. year (H2) to 70.000 km
pr. year (H1).

The households owned either solar panels or wind turbines,
thus producing their own electricity. Four households (H1,
H3, H4, HS) were connected to the power grid and could,
therefore, export part of their production to influence their
import and consequently their electricity bill. The import
price (buy from the grid) of electricity in Denmark is around
$0.40. The Danish energy system consists of a number of
different schemes that apply to home electricity producers
that allow households to export (sell to the grid) electricity.
These schemes are supported through political decisions and
vary on a number of factors such as; the year equipment was
acquired, type of equipment, and production capacity.
Effectually, for most of our participating households, the
income of exporting electricity to the power grid was one of
the following three schemes; 1) they export to the same price
as they import from the grid which is around $0.40 pr. kWh
(H1, H3), ii) they export to a reduced rate approximately 2/3
of the import price (80.25 pr. kWh), and iii) they export to a
very reduced rate of the import price ($0.1 pr. kWh) (H4).
None of these households had the option of storing electricity
apart from their battery on the EV. The remaining household
(H2) was not connected to the grid, meaning they were not
able to export their own produced electricity. Consequently,
they had to use this electricity when it was available, as it
would otherwise go to waste. Their produced electricity they
used to charge small batteries, power small household
appliances and charge their EV.
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H1 H2 H3 H4 H5
Adults 3(2) 2 2(2) 2(2) 2(2)
(kids)
Years w. EV 4.5 2 1 3 2
Years w. 6 2 3 7 1
home
production
Number of 3 1 1 1 1
EVs
Electricity PV PV PV Wind PV
source turbine
Living area | Rural City City Rural Rural
Second No No Yes Yes Yes
fossil
fuelled car
Production | 6 kW | 1kW | 4kW | 11 kW | 4 kW
capacity

Table 1: Overview of participating households.

Data Collection and Analysis

Data collection was based on semi-structured interviews. We
interviewed the primary users of the household’s cars (the
ones that had a driving license) who were between the age of
17 and 70. We conducted informal, conversational
technology tours with each household before the actual
interview [5]. Here we asked the participants to show us their
EV(s), their charging facilities, their households electricity
production. Further, we asked them to show examples of
how they used these technologies and how they did not use
them. The purpose of the technology tour was twofold.
Firstly, we wanted the participants to speak more openly
about their EV and electricity production by revealing
possible tacit knowledge. Secondly, we wanted to be able to
get a richer and concrete understanding of their EV and
electricity producing technology. This sometimes resulted in
the participants wanted us to try their EV (H1, H4), or show
us how certain technologies such as apps and charging
infrastructure worked. We took notes, pictures, and recorded
audio during the technology tour for later analysis.

The following semi-structured interviews consisted of two
parts where we first interviewed the individual household
members and afterward did an interview with all household
members. The first part consisted of questions related to
motivation, charging their EV, electricity consumption and
production, and mobility. For example, we asked them
individually about motivation towards owning the EV,




individual activities involved in charging, and awareness
towards electricity consumption for their EV along with
production from renewables. The purpose of the first part
was to identify individual opinions and use, but also to
highlight differences. The second part of the interviews
consisted of an interview session with all adult household
members. In the second part, we asked more general
questions about social structures in the households and
technologies used to assist them in charging. We grounded
this interview in the prior individual interviews that
sometimes this would result in some discussion between our
participants about what opinion was the "most correct".
Questions asked here were more about household activities
and how they as a family ensured that the EV was charged
when they needed it.

The interviews were audio-recorded. A total of ten and a half
hours of audio were transcribed and coded for thematic
analysis by two of the authors. The analysis was done in three
steps. Firstly, we familiarised ourselves with the data by
reading the transcribed interviews several times and
identified suggestions for codes (e.g., “charging
technology”). Secondly, we added specific codes to
interview quotes (e.g., the code “tinkering” for this quote “/
find it fascinating that you can buy stuff from eBay and create
new more effective stuff, so logically I've applied that line of
thought to my home”). Thirdly, we created themes using
affinity diagramming [3], where quotes were put on a
bulletin board and reorganised into themes over several
iterations. From this analysis, five themes emerged.

FINDINGS

Surprisingly, we found that although all members of the
participating households were aware and interested in
aligning their EV consumption with their electricity
production, it wasn’t reflected in their behaviour. Our
findings indicate that charging the household EV relies on
many different factors such as mobility patterns, charging
routines and household attitudes. Towards this end, aligning
household production with EV consumption indicates
dynamic and complex relationships. In the following
sections these relationships will be presented in 5 themes of;
Attitudes Towards Aligning, Willingness and Leveraging
Convenience, Household Mobility, Charging Routines and
Electricity Production, and Technology Assisted Charging.

All data presented have been anonymized, and we refer to
them as H1-HS5 (as in Table 1). Occasionally, we refer to the
number of households behind an observation, for example,
(3/5) would mean three out of five households.

Attitudes Towards Aligning

During the interviews the underlying structure of the
members of the households became evident. When we asked
the different members about aligning EV consumption, some
were very interested and were very motivated, and others had
no real interest which was also reflected in their roles in the
household and their attitudes.
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Household Roles and Motivation

At least one member of the households was very interested
in the production and consumption of electricity. This
member was very empowered to optimise consumption and
who knew the exact amount of produced electricity without
having to resort to looking at an app. It was also this member
of the household who initially had suggested an investment
in the electricity producing technology of the household
(Illustrated in figure 1). Further, it was this member who kept
up to date with production and ensured that the production
facility was always produced at an optimal level. For
example, as a member of H4 articulated: "/ simply cannot
ignore that our wind turbine is not running optimal, even if
it's just for half a day. Even though we won't lose a lot of
money on it it's still important to me, it was my idea to get it
and I'm responsible for it running. 1 like it, then I get to tinker
with all sorts of tech".

Figure 1. PV installation in H3 (left) and wind turbine in H4
(right).

We found a number of reasons why these members were
interested in producing energy. None of them had chosen
renewables solely with a purpose of wanting to earn money
or because they were technology interested. For example, H1
articulated: "Yeah, I don't know how to divide it, but it was
probably  75-80 percent resource or environmental
awareness or something like that. But then again there’s also
an economic aspect. I have an expectation that it won't cost
us any money, on the contrary, I think that it's a reasonable
business case. And then I think it's interesting and fun".
These members with a strong interest in producing and
consuming electricity seemed very motivated by the idea of
aligning although they saw some difficulties, for example,
H3: "it's a good idea, then we can save even more. However,
there are some practical issues such as production time that
make it difficult".

Although all members of our households agreed that
producing their own electricity was a good thing, many
members (typically persons with less interest in technology
and optimising it) seemed less motivated. We found that they
would often not share the same reasons for becoming
producers of energy, for example, H3: "I just think it's nice
to earn money on our PVs, I don't really have an interest in
the technology or being green" and H5: "It's my spouse who



does all the technical stuff with the PVs and know how much
is being produced, I just think it’s nice being green".

Willingness to Align and Leveraging Convenience

To most household members aligning electricity
consumption with production was perceived as an
inconvenience. Although some members (usually one) of the
households did seem interested and willing to align, we
found that economic factors such as tariff schemes and
convenience played a role.

Willingness to Align

During the interviews, we asked households about aligning
the consumption of different appliances with their
production. We noticed a difference in how willing some
members of the household were to actually align their
consumption with the household production of electricity.
The difference was best exemplified between household
members that were very interested in household electricity
consumption and the rest of the members of the household.
These individuals seemed willing to optimise their
consumption and was very positive to the idea of aligning the
consumption of different appliances, and some even had
suggestions of how to increase how much of their own
electricity the household could consume, for example, H4:
"I've played around with the idea of installing a new water
heater that consumed our own electricity when we produce
it" and H2: "Since we cannot export our electricity to the grid
it makes sense to store it, so what I've done is that I have
installed two batteries so that I can save it for later, we're
still producing more than that, so in the future, if we could
get more batteries then we could also run ordinary
appliances from them like a curling iron that takes up a lot
of power".

Although the more willing members of the households
seemed willing to change consumption behavior if they
could remaining members were not as enthusiastic. As this
annoyed the members with a higher willing we found several
indications that they had tried to convince other members of
the household to change behavior which was not always
received positively. Members of the household with little
interest in changing consumption behavior often related
aligning to other everyday practices such as doing the
laundry or washing dishes, that had a high priority for them,
for example, H1: "He has told me several times that it's time
to wash the clothes or dishes because the sun shines, but I
don't, because the sun doesn’t decide when I'm supposed to
wash" and to H4: "Sometimes if I'm about to do the laundry
he tells me to look out at the turbine if it's running, but that's
impractical. For me, the laundry basket always has to be
empty. It's the same with the EV, if you need to drive you plug
it in, you don’t wait for the wind".

Leveraging Price and Convenience

Although some members of the households found the idea of
aligning interesting we found that actual behaviour towards
aligning was reflected through perceived convenience and
how it was judged. For the households (HI, H3) who
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imported electricity to the same price as they bought it, it
mattered less when they charged and they had no real
incentive for aligning other than ideological reasons, as P1
articulated: "I've thought about plugging in when the sun
shines many times, I like the thought of being green, but it
doesn’t matter, I pay the same anyway, I think humans are
like, you know, lazy". For the household that exported at a
lower price (HS) it still didn't seem to matter because they
weighted convenience over the little they could save in the
long run, HS: "We have to charge the EV during the night,
but maybe if I got home in the afternoon and there was still
some hours of sun left, but then I have to remember an hour
or two later to go out and stop it and then set the timer to at
night. I'm not doing that, that would require too much
planning. Then it's easier to just charge once. It is
convenience over price and the monetary benefit is too small
for me". It was very important for the household (H4) with
the very low export price to use as much of their produced
electricity as possible. Consequently, the one that was
technology interested used as much as he could for powering
their EV along with other appliances, H4:

"The more I export, the more I'm punished by myself. I will
almost do anything to use the electricity I produce. I'm not
supposed to earn anything, but the finances should even out"

Household Mobility

It became evident to us that all households were active users
of the EV, which meant that often it wasn’t home and thus
were difficult to align with their own electricity production.

Mobility Patterns

During the interviews, we found that the EV was the
preferred type of transportation in the households. We
identified two ride patterns; planned and ad-hoc rides.
Everyday trips such as going to work had become routine and
therefore required less or no planning. For household driving
every day, residents knew the EV and that it could drive the
distance to make the full trip, as H3 articulated: "I know the
EV and I know that I can get from home to work on a single
charge". We also found that trips connected with going on
holidays fell under the planned pattern because routes would
be researched well in advance.

Although EVs take some time getting used to, all household
members felt comfortable driving it for planned rides. In
contrast to planned rides, we found rides with an ad-hoc
nature required more planning in the form of thinking about
the available range and the need for additional charging.
Examples of these rides from the households included
getting groceries and driving kids to and from sports or
friends, as H4 expressed:

"When you run out of milk and have to go get it you have to
think about available range because if you've just come home
for work there's sometimes not enough power".

Secondary Vehicles
While the EV was the households primary and preferred kind
of transportation, some households (3/5) also owned a



secondary fossil-fuelled car that served a backup purpose for
ad-hoc driving. Interestingly, we found that if the household
had more members there was also more ad-hoc driving and
that they could report of incidents where they had to take the
secondary car because the EV didn't have sufficient charge.
We found that this was closely connected to the amount of
planning that could be done, as HS articulated: "We try to
plan the day, but every now and then you just need to drive
somewhere and the EV is unavailable because it's charging,
for example, if my spouse drove it to work. Then we just take
the secondary car". In contrast, in the household where the
adults had retired (H2), we found a less strict structure: "We
always know where we're driving, there are very few
surprises, and if there are we'll just wait, we're not in a rush".

The secondary cars primary function was as a mean for
transportation for the person with the shortest distance to
work, like H5: "It's my wife that drives the EV to work
because she has to drive the furthest, then I will have to
suffice with the other one. However, I'm changing jobs soon,
so I'll get the EV, that's how it is, it's the rule". The secondary
car also served as an extra security for some persons in the
households (typically the driver with less experience driving
the EV), especially on longer trips. For example, a member
of H4 explained:

"The other car serves as a backup. I'm not as comfortable
driving it as my spouse especially not on long trips if I'm
driving far I'd much rather drive the diesel car rather than
electricity".

Charging routines and Electricity Production

All members of the households agreed that charging their EV
was important and they all helped facilitate that the car would
have available range. We found that they were motivated in
doing so because many had unfortunate experiences in the
past due to lack of charging. To support the availability of
range in the EV, households had developed a set of charging
routines. However, these routines also seemed to clash with
household electricity production.

Charging Routines

One of the more regular routines that we found in all
households was to always begin charging their EV when
returning home after a drive. This was often connected with
returning home from work late in the afternoon. The purpose
of this routine was to leave the EV charging overnight where
its use was very minimal. To the households with only one
EV, this was a simple activity, as the rule was that the person
who drove the EV plugged it in when returning home.
However, in the household with several EVs (H1) we found
that it was more difficult to schedule charging as the
infrastructure of their house didn’t allow multiple EVs to be
plugged in at the same time (Figure 2): "Right now it's a
practicality, but we can only charge one car at a time. If we
charge two the fuses will blow".
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Figure 2. H1's garage. Three EVs had to be charged in
sequence and overnight.

To all households, the most preferred place to charge the EV
was in the home. This enabled most households to drive to
work and back again with power from their household.
Because charging was often scheduled to overnight,
households ensured continuous charging. However, we did
find situations where charging had to be done in a more ad-
hoc manner in the home. We found a greater need for
mobility during the day for ad-hoc driving, although
households explained that then the EV would just be charged
for a brief amount of time. Such situations were often
connected with the small ad-hoc trips where the EVs state of
charge wasn’t perceived to be enough to drive them all the
way, for example, H4: "Sometimes we just have to charge
the EV a little during the day, especially if we go on many
smaller trips, it probably has enough charge, better be safe
than sorry"

A scenario that householders often faced was charging while
the EV was away from home, for example for work or
holidays. In such situations, charging had to be done on
public chargers. Surprisingly, we found that charging on
most public chargers was disliked by all household as it
would often be associated with an additional fee. As an
example of this, a member of H4 that had to charge at work
every day to be able to make it home had made an agreement
with a friend to charge on his power, thus avoiding the
additional fees of the public chargers. Another example is HS
that had used the power outlets of different hotels when
going on vacation to avoid the fees. We also found a
household that frequently used free public chargers. A
member of H3 explained that she often used charging on
public free chargers on her way to and from work as an
explicit strategy to always have enough charge to drive and
to minimise charging at home to avoid importing too much
electricity: "We use the free public charger at least twice a
week rather than charging at home, it's a strategy because
the car consumes a lot of power and it's very expensive if we
have to buy it".

Electricity Production

Not surprising, the PV owning households mentioned
charging on households produced electricity as a major
challenge, as production from PVs during night time is
minimal. The household owning a wind turbine (H4), didn't
seem to have the same challenges, as wind occurred
frequently during the night especially during the winter: "The



wind is usually more powerful during the night and that’s
great, then we can use the electricity to charge the car". To
the PV owners, not being able to use their produced power
during the night, was an unfortunate consequence of solar
panels which they hoped that their production during the day
would make up for, however for H1 this was an annoyance
that had made him, without luck, experiment with combining
PV's and wind turbines: "The reason why I played around
with a wind turbine was that it was supposed to produce
during the night and then the PV's would produce during the
day. That way we would always produce power, but
unfortunately, it broke down". It should be noted that all
participants agreed that charging the EV using the produced
electricity potentially wasn't a problem during the day on
weekends when they were home and the car was plugged in.

We also found that time of the year would have a potential
impact on aligning. For the households owning solar panels
charging on produced electricity was perceived significantly
more flexible during the summer months, with more sun
hours, as mentioned by H3: "It's easier during the summer
because we can charge when we get home. We can't do that
during winter because when we get home the sun has already
set". In contrast, the household that owned a wind turbine
explained that they produced significantly less electricity
during the summer months, because of lacking wind.
However, this wasn’t perceived as a big problem, because
even though they sometimes had to import electricity during
the summer months they used more electricity during winter
months H4:

"The wind turbine and the seasons go well hand in hand. It
produces a lot of electricity during the winter when it's cold
and we need the power. So, the power I produce in the winter
more than makes up for the power I have to import in the
summer when there’s no wind".

Technology Assisted Charging

During our technology tours, we found several indications of
technology supporting EV charging. Most households (4/5)
explained that charging their EV, was much easier done with
the aid of technologies.

Using Existing Technology

We found two technologies which were important to our
household in relation to charging their EV; feedback displays
and charging timers. Feedback displays include information
on charging status and remaining charging time. This
feedback was accessed through an app on their smartphone
or the EVs display. The importance of this feature is
expressed by H4: "I often use the charging feedback I get
from the EV to see how much time it takes to charge the car
Jjust enough to make it to the grocery store. If I can see that
it will just be 15 minutes I'll wait, and I won't have to take
our secondary car".

Charging timers, included features to time charging, for
example during the night. The functionality of timing
charging could in most of the households EVs be accessed
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through the EVs display or the app. This importance of this
functionality was exemplified by H5:

"I use the timer in the car to make sure it stops charging just
before I leave in the morning. In an EV you really want to
stop charging right before you drive as the battery will be
warm and the car brakes work much better"

One household (H4), however, with older children was not
using the timer functionality due to mobility needs also
during the night: "I was trying to get the charger to postpone
charging until just before we leave in the morning, but I gave
up, because what if we had to pick up one of our children
somewhere, that's just not ideal". Feedback and timers were
also used together, which seemed powerful combination to
H1, with three EVs:

"Typically, we plug in the Fluence when we get home, then
that charges during the evening and then we start charging
the Tesla when that's done, we can schedule that because it
has a timer function and I can see in the display of the
Fluence when it's scheduled to be fully charged".

Improving Technology and Tinkering

We found a potential of aligning electricity production and
EV charging through tinkering with technology. As there
was at least one member of the household that was interested
in technology all households had experimented with
tinkering and modifying technologies to fit their needs and
were part of their personality, for example, H4: "I'm
originally a technician but I've always been interested in
technology, I think that’s where I got it from, I need to tinker
with everything" and H1: "I find it fascinating that you can
buy stuff from eBay and create new and more effective stuff,
so logically I've applied that line of thought to my home".
However, not surprisingly, tinkering did not meet the same
enthusiasm from the rest of the household members, as
exemplified by H5: "I don't need to tinker with the EV, I just
need it to be able to have a full charge in the morning so that
I can drive to work" and H3: "I don't share the same
enthusiasm for tinkering as my spouse, if the EV is able to
drive, I'm happy".

Interestingly, it was through the discussion of tinkering that
we found that technology support for aligning electricity
production and EV charging could be a challenge to some
households, for example, as H3 explained: "The real
challenge for me is that I can’t see when I produce electricity
and therefore it's hard to know when to consume it, there's
simply no technical support for that, well there is, there’s a
web portal but that requires a username and a password, and
1I’'m not going to go there every time". We found that this lack
of control had made some households (4/5) to make or tweak
technologies. During our technology tours, we found several
indications of household members tinkering with technology
and creating their own solutions to their problems. We found
that many of the households had installed additional
electricity monitoring meters to check how much power was
used for charging the EV and then later plotting the numbers



into homemade spreadsheets, as H3 explained: "I don't trust
the numbers in the car, so I have installed a second power
meter on my EV charger. I plot those numbers into a
homemade spreadsheet and track that the numbers match".
Further, we also found homebuilt timers to automate
scheduling charging between EVs, as H1 articulated: "/ have
created my own timer that tracks power consumption and
starts charging our third EV when we're not home".
Examples of the homemade technologies are illustrated in
Figure 3.

Figure 3. Examples of tinkering, additional power meter
from H3 to keep track consumption (left) and homebuilt
timer from H1 (right).

DISCUSSION

Our findings indicate that aligning EV consumption with
electricity production in the household can seem like a
difficult accomplishment for many householders. As an
extension of our findings, we will in the following sections
outline and discuss four topics that relate to aligning EV
consumption and household electricity production.

Relying on People to Align

A tendency in our findings seems to indicate that ideology
alone is not enough to overcome aligning EV consumption
with household electricity production, at least when relying
on them taking an initiative to align themselves. It was clear
from both observations and interviews that most household
members thought that it was a good idea to align EV
consumption and electricity production. However, in reality,
practicality and monetary reasoning were two reasons for
why it was not worth going through the hassle of postponing
charging, i.e., the amount money they could earn or save was
not enough to make them actually align consumption and
production. This tendency also has a strong link to the type
of electricity export scheme the household had, which is
exemplified by H4 that was on an export scheme that paid of
poorly which had actually made them invest in an EV to use
some of the produced electricity. Many studies in HCI also
find similar results. For example, Kjeldskov et al. [28] and
Jensen et al. [24] both find that it can be difficult to make
people change their consumption patterns by themselves
without considerable motivation such earning or saving
money.
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In a similar study to ours, Bourgeois et al. [7], has a related
discussion and concludes that householders need increased
visibility of green electricity and personalized management
to make smarter decisions. Thus, another line of enquiry
could also be how smart-agents can assist these households
to align charging EV’s and home-produced electricity by
automating some of the decision making like explored in
similar studies with heating [1,2,23,60]. Some of these
studies also suggest that other household members with less
interest in alignment and rational energy decision making
may adapt these smart agents into everyday life if it is
convenient and comfortable to do so [2,23].

Electricity Production and Mobility

It was clear that challenges such as the EV actually being
available in the household for charging made it difficult for
householders to align charging with the production of
electricity from PVs. Firstly, EVs were often away from
home during the day where most of the electricity was
produced and secondly, the preferred charging time was at
night when no electricity was produced. Using home-
produced electricity from PVs during the daytime might,
therefore, seem difficult and might, be utilized more
efficiently on other household appliances.  Similarly,
Bourgeois et al. [7] find that household mobility is a
challenge for consuming household-produced electricity
from PVs. Our findings reveal that several households
actually saw a potential to charge the EV during the few
hours of production time when they came home from work,
although they suggested that technology was probably
needed to support it due to convenience. For PVs, it might be
interesting to investigate this further to see if aligning can be
done in smaller intervals.

Charging an EV was mostly done at night and according to
our households takes a considerable amount of time (almost
all night). Even though this might not seem like an optimal
choice when considering self-supply of electricity, it
potentially solves another difficult challenge in sustainable
HCI which is moving consumption away from peak hours on
the grid. As other research looking at household appliances
points out (e.g., [40]), consuming electricity during the night
might actually contribute to lowing load on the grid. In
contrast to PVs, the one household with a wind turbine did
not have the same problems as the wind often is stronger
during the night where the car is at home. Although seasonal
weather changes play a role in electricity generation it would
seem like wind turbines, that could perhaps complement PVs
during the night, are prime candidates for supporting EV
mobility and aligning charging with electricity production.
However, we argue that further investigation into how
household mobility patterns can be supported better through
different electricity production technologies.

Supporting the Engaged and Tinkering Householder

While many studies illustrate that eco-feedback rarely leads
to changed behaviour that is sustained over a long time [43],
our study shows that engagement, tinkering with technology,



and ‘micro-management’ of energy become imminent for
some householders when they start to produce their own
energy. This finding is aligned with studies conducted by
Zapico et al. [62] and Simm et al. [49] that highlights that
people are more likely to use technologies, such as eco-
feedback, in everyday life if they are already committed and
involved themselves in sustainable issues. Hence, the
participating householders that engaged themselves with
using, improving and tinkering with the technology resemble
Strengers’ Resource Man [51,52] - an ideal, rational energy
consumer empowered by information and functional tools.

We agree with the critique that the design of eco-feedback
and forecasting [20,28,36] can be limiting in instigating
desired change in energy-consuming practices [11,53].
However, based on the findings in this study, we also see a
potential of better our understandings of what ‘triggers’ this
engagement in the Resource Man and looking for ways to
better support this through our design efforts. The ‘resource
men’ in our study found little assistance in the tools they had
at hand. However, their engagement seemed to be carried by
a burning curiosity to explore and tinker ‘first movers’
technology. Hence, this engagement resembles the bricolage
[57] and maker [56] movement. We believe support for such
practices is an interesting a line of enquiry for HCI
researchers to engage in as it is a fairly unexplored topic in
sustainable HCIL.

Spatial Alignment of Consumption

An interesting observation we found while interviewing the
households was that they were restricted in charging when
they were not at home. They had the option of charging out,
but this was disliked by many due to extra fees on electricity.
From a self-sufficient perspective being away from home can
indeed seem like a restriction which also is reflected in the
literature. Pierce [42] talks about the term shifting
consumption, as being in time and place. However, looking
through the HCI literature aligning consumption in time has
had a strong focus (e.g., [8,16,24,28,46,49]), however,
moving consumption in place seems to have received little
attention. Nonetheless, we believe that the question of
aligning consumption in place becomes highly relevant in
relation to mobility and charging the EV. We argue that this
is indeed a challenge that will need the attention from HCI
researchers and practitioners.

An observation we did during our interviews was that
householders that needed to charge out sometimes borrowed
electricity from others to avoid fees on public chargers.
Research in HCI has for many years been interested in the
sharing resources, for example in transportation, such as cars
and rides (e.g., [17,35,50]). Further, many see sharing as one
of the future economies (e.g., [6,21]) However, sharing could
also be applied to other resources, for example, electricity. A
different perspective on aligning in place could, therefore, be
to enable and support sharing amongst householders with
self-sufficient electricity. This could potentially enable
sharing in place although it is not their own produced power.
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We encourage other researchers in this field to pursue this
line of thought.

CONCLUSIONS

In this paper, we have presented a study of households'
potential to align electric vehicle charging with electricity
production. Through a mixed-methods study with interviews
and informal technology tours with five Danish households,
we identified five themes that describe current household
structures such as motivation, routines, and technologies.
Our findings reveal that although some members of the
households find the concept of aligning very interesting and
were motivated by it, aligning electricity production and
charging is challenged by mobility patterns, charging
routines and household attitudes.

To inspire further research in HCI with aligning electric
vehicle charging and household produced electricity, we
have discussed our findings. Drawing on current research in
sustainable HCI we have discussed that even though
potential exist for aligning EV consumption with produced
electricity we currently see challenges such as lack of
motivation for householders to align by themselves. Further,
due to the mobile nature of EVs we also discuss how mobility
patterns, spatiality, and individual household roles could
pose a challenge for aligning We further discuss future
directions for HCI research building on the discussion points
mentioned above.

Our study has some limitations. Firstly, it should be noted
that we only recruited one household with a wind turbine
(H4). This is primarily due to the fact that this is still a rather
unique combination in Denmark. Further investigation into
this technology might, therefore, be interesting to pursue in
further studies. Secondly, we would also like to point out that
some of our households might have been early adopters of
PV, Wind turbines, and EVs. We realise that this might
influence how the different household members perceive and
use the technologies.
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6.2 Investigating EV Driving as Meaningful Practice
Rikke Hagensby Jensen, Michael K. Svangren, Mikael B. Skov, Jesper Kjeldskov

Abstract: Studies show that people find meanings such as freedom and independence
in driving. However, the transition towards electric vehicles (EV’s) challenges these
meanings as they present different driving experiences such as shorter driving range
and missing supportive infrastructures. This suggests that people find other meaning
in EV driving. This paper presents a qualitative study with 11 Danish participants who
reflect on their experiences of driving EV’s in everyday life. As driving is embedded in
many practices along with being a practice in itself, we draw on social practice theory
as a frame-work to unfold how participants make use of technology to make EV
driving a meaningful and desirable practice. We report on how participants facilitate
their driving practices using interactive technology and charging infrastructure. We
discuss these findings under three headings with ideas to inspire future HCI research
and design for meaningful, sustainable EV driving practice.
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ABSTRACT

Studies show that people find meanings such as freedom and
independence in driving. However, the transition towards
electric vehicles (EV’s) challenges these meanings as they
present different driving experiences such as shorter driving
range and missing supportive infrastructures. This suggests
that people find other meaning in EV driving. This paper
presents a qualitative study with 11 Danish participants who
reflect on their experiences of driving EV’s in everyday life.
As driving is embedded in many practices along with being a
practice in itself, we draw on social practice theory as a frame-
work to unfold how participants make use of technology to
make EV driving a meaningful and desirable practice. We
report on how participants facilitate their driving practices
using interactive technology and charging infrastructure.
We discuss these findings under three headings with ideas
to inspire future HCI research and design for meaningful,
sustainable EV driving practice.
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1 INTRODUCTION

The car is massively important in today’s society. Although
many transport alternatives exist, the car remains the most
widely adopted means of mobility across more than 947 mil-
lion vehicles worldwide, accounting for approximately 70
per cent of all journeys [1]. The act of efficiently moving
between places has become crucial to access our surround-
ings, such as going to work, on holidays, or simply getting
the groceries. Further, owning and driving cars have been
associated with shared expectations, e.g. a high degree of
personal freedom, comfort, and independence [28, 53].

In recent years, the increasing adoption of electric vehicles
(EVs) has challenged the traditional use and understanding
of the car. Studies show adoption barriers such as shorter
driving range and missing supportive infrastructures. To-
wards this end, HCI research has studied how to design
interfaces to reduce drivers worrying about battery deple-
tion (e.g. [26, 34, 36, 37]). However, few HCI studies have
investigated actual use in peoples everyday lives and how
people find meaning in electric driving. These studies have
studied the EV as a mobile household appliance and how it
is integrated into existing households [5, 58]. Despite this
research, a limited amount of research exists, which invest-
igates actual driving experiences with EV’s in everyday life.

In this paper, we extend HCI research on EV’s with an em-
pirical understanding of how and why EV owners find mean-
ing in driving practices and if charging with own-produced
electricity influences desirable driving experiences. We re-
port from a study of 11 EV drivers (five households with
own-produced electricity) where we conducted informal con-
versational technology tours and semi-structured interviews.
We use social practice theory as an analytic lens, guided by
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questions such as what role digital technology plays in shap-
ing EV driving, what kind of expectations people embed into
their EV driving practices, and how people adjust driving an
EV compared to the traditional fossil-fuelled car.

We present findings in four themes of Joyful Electric Driv-
ing, Transitioning into EV Driving, Planning through Inter-
active Technologies, and (Un)Sustainable Driving Expecta-
tions. Findings indicate that EV driving is an enjoyable and
meaningful practice and that planning and technology sup-
port is essential aspects in shifting to EV driving. Finally,
experiences of EV driving indicate increased driving activity.
We discuss these findings under three headings with ideas
that may inspire future HCI research and design for the EV.

2 RELATED WORK

Studying interactions with the car has been a subject of
research in HCI for years. A body of literature exists on
studies describing the driving situation and how to ensure the
driver eyes on the road. This research predominantly focuses
on using various technologies in the car and how this affects
the driving situation. Several papers have presented results
related to the above, for example on interacting with existing
in-car car technology (e.g. [6, 20, 35]), novel interfaces (e.g.
[10, 30, 38, 39]), and how drivers appropriate interactive
technologies (e.g. [2, 26]).

In HCI research, we have seen a shift in how people use
the car that is closely related to the development of tech-
nology. One of these shifts is the use of connected features
of the car. Many cars today are shipped with an internet
connection, which means that people can interact with the
car both from the inside and the outside using other mobile
devices (e.g. [7, 42, 62, 63]). Chiesa et al. ([7]) demonstrate
ideas for collaborative parking utilising connectedness. Os-
tergren ([42]) suggest a system for social music experiences
by tuning into music experiences of cars nearby.

HCI studies are also investigating different ways of using
cars. Studies of traditional car ownership have found that
usage of cars indicate that people find meaning in a high de-
gree of freedom and independence that they provide instead
of practical values such as saving time [28, 53]. However,
today, there are many alternatives to traditional car usage,
e.g. car and ride-sharing that allow for the car to be accessed
as a service. Studies of such services indicate that people
find meaning in other qualities. For example, in a study of
car sharing, Shaheen et al. found that people found meaning
in social and environmental aspects of car use [48].

HCI Research on Electric Vehicles

Following HCI discourses on sustainability, we have seen
an interest in electric vehicles (EV’s) in later years. A signi-
ficant number of HCI studies on EV’s have focused on the
challenges and opportunities in adopting and driving these,
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as they form a new kind of driving experience compared
to a fossil-fuelled car [26, 34, 36]. To this end, several stud-
ies investigate range-related issues such as range anxiety
where drivers worry about the depletion of the battery be-
fore they reach their destination [26]. As such, this work
has resulted in more design-oriented research addressing
challenges related to range anxiety and lack of feedback (e.g.
[26, 36, 37, 57]). As examples, Jung et al. [26] explore the
impact of displayed uncertainty in the car’s instrumental
estimates of range, while Landau [34] focuses on creating an
interface that makes up for the lack of feedback in EVs, for
example, the lack of sound or vibration, or knowing when
the EV is ready to drive.

In contrast to design-oriented research, empirical studies
that investigate how people find meaning in the use of EV’s,
have received less attention within HCI. Most HCI research
in this area has addressed how and why owners use EV’s and
how they appropriate these in their daily lives. This work
suggests that people own and drive EV’s for reasons such as
becoming more sustainable [5, 14, 58] and interests in novel
technology [59]. Bourgeois et al. [5], for instance, investig-
ated the feasibility of self-sustaining electrical mobility and
provided an understanding of owning and integrating EV’s
into household routines. The authors found that utilising
own-produced electricity, and the feeling of being sustain-
able was a reason for owning and driving an EV. Svangren
et al. [59], investigated connected cars and the use of digital
technology. They found that some challenges related to EV
driving, like range anxiety, are mitigated through the use of
digital ecologies. However, despite the above research, there
is still a gap in exploring actual EV driving and how people
find meaning in the experience through use of technology.

Sustainable Change and Social Practice Theory

In later years, we have seen a growing interest in the HCI
research community to engage in the design of digital tech-
nology and sustainable change. In this line of work, different
theoretical frameworks have been applied to both understand
and discover means to design interventions for sustainable
change [9]. In particular, suggestions to use practice-oriented
methods [32] have been advocated within sustainable HCI
studies to better account for the social values and norms influ-
encing how resources are consumed [11, 22, 31, 44]. As most
resource consumption is interwoven in mundane routines
people perform in everyday life (e.g. cleaning, cooking, heat-
ing, and driving), practice theory highlights that changes to
such routines are shaped by what people find meaningful
and desirable. Therefore, designing meaningful and desir-
able experiences of interactions with technology may shape
practice [19], and thus influence resource consumption.
While social practice theories originate from social sci-
ence, we also see a growing research interest in HCI that
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focuses on understanding why early adopters desire to use
and interact with new digital technology. Commonly, these
studies aim to help uncover both the sustainable benefits
and pitfalls of new digital technology use. Strengers [56],
for example, use social practice theory to understand the
influence of eco-feedback design in everyday life to help
frame alternative design directions for HCL. Pink et al. [45]
explore heating practices through sensory ethnography as
an approach to inform future sustainable design for heating.
Hasselqvist et al. [18] use social practice theory to study three
families’ experiences of car-free living, while Ganglbauer
et al. [15] investigate food practices from a social practice
theory perspective, to suggest design strategies of related
practices to influence more sustainable food waste practices.

Practice as a Framework. To help frame practices and un-
derstand how they change, Shove and colleagues provide
a concise framework of social practice change [50]. In this
work, the authors argue that practices change when elements
(competences, materials, and meanings) of practice is mixed
in different ways. Importantly, Shove [49] also argues that
desired social-shared expectations, which people associate
with performing a practice, contribute to or undermine sus-
tainability outcomes. This is exemplified by Jensen et al’s
[23] empirical investigation that draws on the concept of
‘desiderata’ and social practice theory to uncover the energy
impacts of peoples’ desires to use smart home technology.
Kent et al. [28] also investigated traditional car practices
and found that the shift to more sustainable transportation
forms, is undermined by social expectations of driving, such
as flexibility, freedom, autonomy, and comfort.

3 STUDY DESIGN

This paper aims to investigate peoples’ use and experiences
of driving an electric car. At the same time, the paper ex-
plores if and how own-produced electricity influence desir-
able driving experiences. In contrast to previous studies in
this area [5, 14, 58], the purpose of this study is to unfold how
early adopters of such perceived sustainable technologies
adjust practices to make the EV a meaningful and desirable
means of transportation when they can charge their car with
own-produced electricity. Moreover, we aim to uncover the
kinds of energy implications EV driving practice may have
in everyday life. To this end, we use social practice theory
as a lens [50], and are guided by questions such as what role
technology and infrastructures play in shaping EV driving
(materials), what kind of meanings and expectations people
embed into their EV driving practices (meanings), and how
people adjust driving an EV compared to a traditional fossil-
fuelled car (competences). In the following, we describe in
detail; the background of EVs in Denmark, an overview of
participating households, data collection, and analysis.
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Electric Vehicles in Denmark

The reported research in this paper is part of a larger research
project investigating future sustainable scenarios for energy
and transportation systems in Denmark. Actors in the Dan-
ish energy sector envision householders to play a significant
role in the transition into a more sustainable energy future.
The scenario of electric vehicles that can be charged at home
by electricity produced from small wind turbines and solar
panels is often promoted as a step towards a more sustain-
able future in this vision. Using this argument, the Danish
government has introduced economic incentives to promote
households to invest in these technologies by, for instance,
reducing registration tax on EVs compared to fossil-fuelled
cars. These incentives have led to an increased Danish EV
fleet, with sales increasing from 0.25 per cent of total car
sales at the beginning of 2017 to 3 per cent at the beginning
of 2019 [12]. Yet, while EVs can be charged at home, public
available charging infrastructure is also starting to emerge
from a range of private companies. Most commonly, these
public charging stations require a subscription to the partic-
ular provider. However, there is no standard for EV charging
spots. Sometimes, charging spots are marked for EVs with
a symbol or a sign to signal that only they can park there.
However, in many cases, they are just regular parking lots
with a charger next to it.

Participants

Five households (11 people) participated in this study. Each
household also produced electricity from their own solar
panels or wind turbines. Participants were between the age
of 16 and 72. All participants were driving at least one of
the household’s EVs. All participants had a drivers licence
except Adam (Household A) who were currently acquiring
his. A demographic overview can be found in Table 1. The
participants from each household are referred to in the table
by anonymised pseudonyms (e.g., Kirsty) and household
number (e.g., A). In the following, we will describe each of
the five households in depth.

Household A. The household owns a Tesla, a Renault Flu-
ence, and a Mahindra Reva. They mainly drive in the Tesla
(50.000 km a year) and Renault (20.000 km a year). The Reva
was bought for Adam, who plans to drive to school when he
gets his driver licences. Today, Adam uses the bus or an Air
Wheel (a small electric one-wheeled scooter). The household
drives more after getting the Tesla, as driving sometimes
replaces flying on holiday. Jim also started to drive the Tesla
for business trips instead of flying. The household owns
solar panels that produce 18.000 kWh of electricity a year.
However, the household uses three times as much electricity
yearly. Two-thirds of this is used to charge their three EVs.
The family drives around 70.000 km a year.
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H Name Age Adults Occupation Living area EV Model
(Children)

A Kirsty, Jim, Adam  46,47,16 3 (2) Nurse, Rural Tesla M. S,
Assoc. Prof., Renault Fluence,
Student Mahindra Reva

B Ina, Jeffery 70, 72 2 Both Retired City (winter) and BMW I3

Rural (summer)

C Irene, Franky 50, 48 2(3) Healthcare Helper, City Tesla M. S
Early Retirement

D Clara, Tony 53,52 2(3) Retail Assistant, Rural VW E-Golf
Military Consultant

E Isabel, Jett 34,38 2(2) Regional Clerk, Rural Tesla M. S
Consultant

Table 1: Description of participant households.

Household B. The household bought the new hybrid car
last year. Before this, they used to have an older EV model.
The new car has an electric motor, and a backup petrol gen-
erator that can produce electricity to run the motor in the
case it runs out of electricity. The electric car-range is about
150 km and 150 km for gasoline. The adults spend most of
their summer in their rural summerhouse where they have
solar panels as the only source of electricity. In the winter
they live in their city flat, where they have a power charging
set up. They drive around 17.000 km a year, and this has not
changed with their new model. In the summer months, they
use about half of their produced electricity for their car.

Household C. The household owns a Tesla that drives 40.000
km a year and a fossil-fuelled Mustang that drives 20.000 km
ayear. The Tesla is the preferred car because they believe this
is the most economical choice for driving. Before they got
the Tesla, they would drive about 30.000 in their former cars.
The children also use buses, mopeds and bikes for transport
purposes as they do not have a driver licence. The household
has solar panels. The family produce 7200 kWh of electricity
a year, which is about the same amount they use yearly.

Household D. The family owns two cars; an E-golf and a
fossil-fuelled Audi. Tony also has a fossil-fuelled motorbike,
while the children use bikes. They drive around 30.000 km a
year in the E-Golf, about 10.000 km in the Audi and 8.000 km
on the motorbike. The children bike every day to school or
take the bus if the weather is terrible. As the only household,
the family produce between 25.000 and 30.000 kWh a year
from an 11 kW wind turbine. The electricity, they do not use
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themselves, is sold at a flat rate of 0.78 DKK (0.14 USD) per
kWh. From 2021 they have to transfer to dynamic trading
conditions, meaning they might have to pay money to sell
electricity due to high amounts of wind energy in Denmark.

Household E. This household owns two cars; a Tesla and a
20-year-old fossil-fuelled Golf. They drive around 30.000 km
a year in the Tesla and 10.000 km in the Golf. Occasionally,
they take a train or bike to work. The family owns solar
panels that produce 4.000 kWh a year, which covers ordinary
household energy-consuming activities. They use about an
extra 6.000 kWh for charging their only EV.

Data Collection

In order to get an understanding of why households desire
to electrify car transportation, we conducted an in-depth
qualitative study with early adopters that already embed
electric cars in their everyday life and also produce micro-
generated electricity. To this end, we designed our study to
consist of four steps; an informal, conversational techno-
logy tours, individual interviews, group interviews and a
debriefing session between two researchers.

Informal Conversational Technology Tours. To get an
understanding of the access to and use of different techno-
logies, we conducted informal, conversational technology
tours [3] with each of the households. Here, we asked parti-
cipants to show us their EVs and what technology they used
for charging it. We asked them to give examples of how they
used technologies individually and in collaboration. The pur-
pose of the technology tours was twofold. Firstly, we wanted
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to get a richer and more concrete understanding of how the
individual households used their cars. Secondly, we wanted
the participants to be able to speak more openly about tech-
nology and reveal possible tacit knowledge. This approach
resulted in many participants not only demonstrating but
also sometimes wanting us to try out their technology so we
could get first-hand experiences.

Individual and Joint Interviews. Following the techno-
logy tours, we conducted individual and joint semi-structured
[33] interviews with all participating household members.
The purpose of the individual interviews was to reveal indi-
vidual opinions, such as competences and meanings for the
technologies touched upon in the technology tours. For ex-
ample, we asked them individually about motivation towards
owning and driving the EV, individual routines involved in
driving and charging it, along with individual driving pat-
terns.

We conducted joint semi-structured interview sessions
with all participating household members. The purpose of
this session was to understand shared social values and
practices and to reveal possible tensions between house-
hold members. Here we asked more general questions about
the structure of the households, the driving patterns as a
household, and common motives for driving an EV. These
sessions would sometimes result in discussions between our
participants about their reflections on the "most correct” way
of doing things.

Two researchers participated in the data collection ses-
sions. Right after each visit to the households, the research-
ers had a debriefing sessions [61]. The purpose of this ses-
sion was to support "the research team to discuss and work
through the successes, issues, and challenges encountered” [61].
These debriefing sessions facilitated the process of sharing
thoughts and reflections on the researchers’ observations
and impressions that were not verbalised by the participants.
The debriefing sessions were audio-recorded.

Data Analysis

We took notes, pictures, and recorded audio with consent dur-
ing the technology tours. All interviews were documented
through researcher notes and audio recordings. A total of
ten and a half hours of audio were transcribed for analysis
by two of the authors.

We coded the transcriptions accordingly. We identified
broad themes using inductive coding [46, 47]. Next, we used
the three elements of social practice theory as a lens to guide
the thematic analysis (materials, competencies, and mean-
ings). The analysis resulted in four themes. As part of the
analysis, participants were given a pseudonym (see Table 1).
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4 FINDINGS

Our findings highlight different aspects of how EV driving
is experienced as meaningful practice, focussing specifically
on driving and adaptation of the EV into household routines.
Drawing on our analysis, we structured the findings into
four overall themes; Joyful Electric Driving, Transitioning
into EV Driving, Planning through Interactive Technologies,
and (Un)Sustainable Driving.

Joyful Electric Driving

The first theme describes how participants find joy in driving
their EV compared to the vehicle they owned before. Further,
the theme describes how expectations of playfulness and new
sensory experiences of coolness shape how the EV becomes
infused in driving practices.

Playful Technology. The households were generally char-
acterised by a high level of interest in technology. All the
participants reflected that many of the technologies related
to the EV gave them a feeling of driving a car of the future,
which in turn added a layer of comfort. Because of this added
comfort, most participants thought that driving non-electric
cars felt like a step down technologically. They used words
as "feels like a step backwards", "old fashioned" and "inconveni-
ent". This, for example, was reflected by Jim in household A
that owned three EVs;

"For the Tesla, one doesn’t even have to control it

[...] That completely convinced me that there was

no reason why our car shouldn’t be electric in the

future because it seemed technically superior - I

like that" - Jim (A)
Playfulness was also associated with getting to know a tech-
nologically advanced car, which resulted in time being spent
on exploring and playing around different features. We found
that many of the participants were very interested in techno-
logy (at least one on every household), thus figuring out how
the EVs worked or could be modified became a hobby for
many of them. This meant time spent acquiring competen-
cies to incorporate these technologies into everyday life was
seen as enjoyable as the participants found these amusing
and fun to play around with. Jeffery exemplifies this;

"I have to admit that I was a little tempted by all

that technology and there is also a lot of it in this

car. Yes, I think it’s fun, and I like the principles.

[..] Anyway, that’s how it is with toys, so when I

then got the car in my hands I played with it" -

Jeffery (B).
The combination of playful EVs technology and using electri-
city from the solar panels or wind turbines each household
owned, meant it became highly engaging to integrate the EV
into overall household activities;
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"So the technology I think is very interesting, that
is, something that is as annoying as the f***ing
wind can be turned in to something useful. It fas-
cinates me, and then, of course, I am also very
aware that it is environmentally correct that I do
not have to burn off gasoline or oil. It fascinates
me tremendously!" - Tony (D)

Under the technology tours, we saw several homemade
devices meant to support charging when the car was at home,
which made us ask if this also applied while driving. We
found that sharing knowledge through digital technology
with other people owning an EV were quite important for
these participants. One aspect of this was sharing experi-
ences and useful advice through social media and forums
on everything from charging infrastructure to how to hack
software in the cars;

"The forums [Facebook], and the social aspects
are quite important to us. We share experiences on
everything from unavailable chargers to advice on
how to polish our Tesla with people who also own
an EV. Once every now and then we also arrange
hackathons through them where we tinker with
our cars. We share both our success and frustra-
tion" - Jett (E)

Sensory Experiences and Coolness. Another aspect mak-
ing EV driving a joyful experience was related to the creation
of new sensory experiences through the new technologies
found in these cars. The new sensory experiences added to
expectations of comfort and pleasure of the time spent in the
car. These expectations also further enhanced the feeling of
being in a "cocoon of the car" because "you just drive silently
- no noise, no diesel noise, there is only noise from the road" -
Jim (A). Because of this, driving the EV was popular in these
households, which meant it became the preferred means
of transport in their daily activities. As a result, who drove
the EV would often be up for debate, as it was an attractive
alternative to those who also had a fossil-fuelled car;

"It’s my wife that drives the EV to work because
she has to drive the furthest, then I will, sadly,
have to suffice with the other one. However, I'm
changing jobs soon, so I'll get the EV, that’s how
it is, it’s the rule. But I'm certainly not going to
complain about that" - Jett (E).

We further found that all households experienced substitut-
ing driving a fossil-fuelled car with an EV had made speed
less relevant. A slower speed was foremost to save range,
however enjoying the drive also became important;

"When I take the diesel, I find myself rushing to my

goal constantly thinking about when to overtake
the car in front of me. It’s very stressful. However,
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when I drive the EV, I slow down, thinking about

how I drive and I enjoy the trip. It’s sort of this zen

thing" - Tony (D)
Another aspect the participants reflected upon was the exper-
ience of feeling cool owning and driving an EV. Part of this
was related to the uniqueness of the technology. For instance,
electric cars do not feature a gearbox as conventional cars.
Many also offer different forms of autonomous driving, and
interactive applications making it possible to interact with
the cars through other devices. We also found that coolness
was associated with having a special car that few people
own, making the EV something cool and desirable to show
to friends and family. Adam, the older son in household A,
for example, thought that having his own electric car was;

"Iconic in some ways because it is a special, little

car. I have some friends who have seen it, and they

think it’s cool” - Adam (A)
Especially for the Tesla owners, the feeling of uniqueness,
was partly due to how Tesla’s ecology of technologies worked
together. This uniqueness contributed to making the EV cool
to own;

"There has been talk of a Jaguar and a BMW. And
then we looked into these Teslas — you cannot say
anything other than it’s a brilliant car and it’s just
an even bigger idea" - Franky (C)

Transitioning into EV Driving

In this section, we describe how participants transitioned
into EV driving from previously owned vehicles. Although
there were many aspects related to this (e.g., getting used to
driving with regenerative breaking), we found that planning
for available driving range was the most important aspect
of this transition.

Planning Household Charging. As participants reflected
on questions about driving range, most of them described
they had been through an adaption period to accommodate
charging their EV. One aspect was experiencing a limited
driving range and the consequences of forgetting to charge;

"Yes, we’ve tried sometimes that I, for example,

forgot to charge. Yes, then there is nothing you can

do. I can’t just ride down to the petrol station and

pick up a dunk of gas. You'll just have to wait it

out" - Kirsty (A)
In the beginning, some households experienced they had to
compromise on comfort features. They would, for instance,
turn heaters and wipers off during the winter months in
their old EV to save range to make it home. Household B
expressed their early experiences with EVs as; "not suitable
for Danish winter weather" - Ina (B). However, when asked
about how to overcome the limited range, most households
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agreed that many of the issues could be mitigated through
planning and new routines. As such, it quickly became a
new routine to plug in the car when arriving home and plan
charging points while driving, to ensure they were ready for
driving when needed;

"We are used to all the cars are parked and ready

for charging during the night, and that they are

ready to drive in the morning. When we come

home, we just plug it in" - Adam (A)
Because it had become routine to charge at home it also en-
hanced the expectation that the car was always fully charged
when leaving home. This could sometimes lead to problems
for households switching between EVs and fossil-fuelled cars:
"She ended up running of petrol because, whoops, it had not
been refuelled like with the Fluence that is freshly charged
every morning” - Jim (A). However, the participants saw this
availability of electricity as flexibility and convenience when
compared to fuelling at gas stations, which compensated the
inflexible time aspect of charging the electric car;

"Finding time to charge is not a problem for me. I
would say that I on average spend one minute a
day with charging activities — and yes that’s even
a high estimate. I just have to plug it right in and
out. How long do you think people spend on a gas
station in a month?" - Jim (A)

Charging Away from the Household. Available charging
infrastructure outside the households, both public and private,
was regarded as a useful means to reduce experiencing the
EV’s limited driving range. When away from home, many
participants explained they would plan holidays by finding
hotels where they could charge the car when arriving at
the hotel. As electricity is available in many places, all the
participants also spoke of the convenience of being able to
charge their car in other peoples’ homes.

"When I visit my son, the first thing I do, is to put
the car in the socket. It’s become quite expensive
for him to have us come by for a coffee” - Jeffery
(B)
One challenge of having to charge in different households
was the non-standardised charging infrastructure (e.g. differ-
ent sockets and power availability). This meant not all cars
were able to charge in all charging outlets with a standard
plug. In household D, Tony was well prepared for the differ-
ent situations. He had various cables and extension cords, so
he was always able to charge when away from home.

"I've become more used to it. It is very much ha-
bitual that I have to think a bit about where I
go and the electricity options. Therefore, I bring
different adaptors. Most often, if we have to visit
the family or the likes, we can just charge the car
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there. I don’t think there’s anyone who would say
no if you bring an adaptor” - Tony (D)

Having to wait to charge in the middle of a drive at available
public charging stations was not regarded as an inconveni-
ence by these participants. This was mainly because these
stops had been planned beforehand, and often in combina-
tion with a bathroom or coffee break. Some participants even
regarded the charging time as additional time to do desirable
activities, not normally fitting into busy family life;

"I like to read a book, and I never have the time
elsewhere because I always have so many projects.
But now I have the time for it, and then I sit there
for an hour, and I read a book. I really just use this
time to disconnects, and I think of it as my relax
or leisure time" - Irene (C)

Some participants experienced that charging was free at
their workplace; "they have a free charge for the staff’s elec-
tric car, so if they come in the morning they plug the EV in
and then it is finished when they go home in the afternoon”
- Ina (B). This option was often considered if the EV was
discharged and no public charger was nearby; "And I was
thinking about a parking garage near where I work - there’s an
outlet with grounding outside.” - Irene (C). Tony did not have
the option to charge at work, and his EV’s range was not suf-
ficient to drive both ways. Therefore, he had an agreement
with a friend to charge at his house, near his workplace. To
compensate for the electricity he used, he kept track of the
consumption using a measuring device;

"I have to charge while at work because otherwise,
I can’t make it back. I have an agreement with a
friend that lives just by my workplace. It fits very
well with my driving patterns" - Tony (D)

Planning through Interactive Technologies

We found that participants used various digital applications
to help them plan their drives. Being able to plan a drive
influenced how limited range and scattered charging infra-
structure was disregarded as a major inconvenience. There-
fore, participants expressed that planning through digital
technologies had become a major part of their routines. The
use of digital technology, however, depended on the kind of
drive they needed planning for: mundane driving for every-
day purposes or extraordinary, longer, and more uncertain
drives. Tony, for example, differentiated between the two;

"For everyday mundane driving, I don’t care. I just
drive and charge when I get home and check the
EV feedback when it’s done. Almost like a regular
car. I want to say that it’s a habit. And if we are
going to have that extraordinary trip, then I sit
down with this [a smartphone app] and say, okay
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we should do that and that and then we have to
adjust the drive a bit to charge” - Tony (D)

Mundane driving. We found the most common use of par-
ticipants EVs was for mundane purposes such as going to
work, getting groceries, and driving kids to events. For these
purposes, planning was minimal, and something that had
become routine quite fast. Mainly two technologies were
used to support charging for such drives; feedback displays
providing information about charging status and remain-
ing charging time, and charging timers that provided an
opportunity to schedule charging;

"Usually, when we come home, we just plug it

in. It has become a routine, I don’t have to plan.

However, I have an app that warns me if I forget,

because you learn very fast how very annoying it

is, if you have to go to work and it doesn’t have

the range" - Franky (C)
Both feedback and timer functions were accessed through an
app on their smartphone or the EV display. Clara described
a typical scenario;

"I often use the charging feedback I get from the
EV to see how much time it takes to charge just
enough to make it to the grocery store. If I can see
that it will just be 15 minutes I'll wait, and I won’t
have to take our secondary car” - Clara (D).

Timers were often used to ensure that the EV would be ready
for the next day because charging was usually done a night
when the EV was not being driven. Timing functionality
could in most EVs be accessed through the EV display or
an accompanying app. Isabel expressed how they used the
timing function to ensure optimal conditions for their car;

"I use the timer in the car to make sure it stops
charging just before I leave in the morning. In an
EV you really want to stop charging right before
you drive as the battery will be warm and the car
brakes work much better" - Isabel (E)

Extraordinary driving. Extraordinary driving, like going
for longer drives or going to an unknown place, required
more planning. For these purposes charging away from home
on publicly available charging infrastructure was often re-
quired. However, the participant spoke of several challenges
beside ensuring available range, emphasising the necessity
for planning extraordinary trips. For example, in Denmark,
most public charging stations require a subscription, and
subscriptions do not work across providers, meaning plan-
ning also entails finding the right chargers. At the same time,
a charger can be unavailable either because it is broken, it
is being used by another EV, or because the parking space
where the charger is located is blocked by other fossil-fuelled
vehicles. Especially the latter scenario annoyed Tony;
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"I saw that some people just park in dedicated
parking spots meant for EVs. That really, really
annoys me. If I come to a spot and a diesel car is
parked there, I simply can’t accept it. If I'm there
and can’t get to my destination because I need to
charge, then I get upset. You don’t see me park at
their gas station" - Tony (D)

Although it was possible to avoid the above challenges through
ad-hoc use of technology while driving, the preferred way
of overcoming these challenges was to plan ahead of a drive.
Most often, participants adjusted a driving route accord-
ing to where chargers were available by using various apps
providing such information. Some households (Tesla owners)
could plan a trip in their car or on the smartphone using the
vendor app for dedicated Tesla chargers. However, all house-
holds were using a variety of applications to complement
each other. Examples include; applications with different
functionality developed by charging infrastructure providers
(restricted to chargers of that particular provider), or open
applications giving an overview of different providers;

"We have different apps for all sorts of situations
— this one gives me an overview of public char-
gers available to me, this one gives me access to
Tesla chargers, and this one gives me an over-
view of chargers that private persons borrow out"
- Franky (C).

Going for longer drives to unfamiliar places was not for
everyone. Although the majority of participants could ex-
plain in detail how they would plan a trip, not all members
of the households felt comfortable going on long drives. This
was primarily due to inexperience with the technologies used
for planning, although they might feel comfortable driving
the EV. For example, for everyday purposes Clara would
often use their EV, but would take their other car (diesel)
when going for a long trip alone;

"I don’t feel comfortable driving for longer trips
alone because what if I run out of range? Then
I have to find a charging spot, and I'm not as
experienced as Tony planning that. I would much
rather just take the Diesel. At least I know how
the gas station works" - Clara (D)

(Un)Sustainable Driving Expectations

For many participants, sustainability was considered an im-
portant aspect of buying an EV. This argumentation was
strengthened as all households owned facilities capable of
producing electricity (solar panels and wind turbines). How-
ever, we also found the EV driving experience resulted in
unsustainable driving practices like increased driving be-
cause it was more pleasant than their former car.
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Driving on Sunshine. As participants were in a unique
situation of being suppliers of their own electricity, it also
influenced how they thought about driving their EVs. Motiv-
ation to plan and drive on electricity households produced
themselves was both rooted in sustainable and more rational
concerns. To most participants, driving on their own pro-
duced electricity was an important alternative; "I think that
one should use it while it is being produced, but I also think it
makes sense from a bigger perspective" - Jim (A). This further
provided many householders with a unique experience of
being sustainable and self-sufficient;

"That you drive on the sun - that feeling is fant-
astic!" - Ina (B)

Rational reasons for driving on household produced electri-
city could also be observed. For households owning solar
panels, saving money was also important. However, having
to plan daily charging was seen as difficult because EVs were
used during the day when electricity production was the
highest. However, for household D that owned a wind tur-
bine capable of delivering electricity both during the day and
at night, charging was more effortless but still seen quite
important as it was a cheap way to utilise the turbine’s capa-
city for powering the car. As such, the incentives to charge
the EV was also rooted in monetary reasoning; "After we got
the electric car, and started to drive more in it, and we have
become better at using the EV, we have become more proficient
and better at using electricity for ourselves” - Tony (D).

Increasing Driving Activities. As opposed to saving range
and charging on self-produced electricity, most of the par-
ticipant expressed that driving the EV had served more un-
sustainable routines by driving more. The families reflected
that not only did they invest in sustainable technology, but
for many of them, it was also an economic investment. How-
ever, one consequence of this investment meant that driving
activities had increased. For example, in Household A, the de-
cision to invest in a Tesla, an expensive car to buy compared
to other makes, where partly reasoned by the possibility of
free charging. These factors, combined with that they had
started to take the EV on holidays to Norway and Germany
instead of flying, meant an increase in driving activities;

"In fact, we use mostly cars, that is, our driving has
increased. We don’t have to go down and fill it up
at the petrol station, so we think it is not so terribly
harmful to the environment if we charge a little
extra or if we drive a little more in the car. So we
drive more in the car, there is no doubt about that.
Also, we’ve started to take it on holiday instead of
flying it’s much more comfortable" - Kirsty (A)

This notion of increased driving combined with the advances
in the technology found in many of the EVs also influenced
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the participants’ expectations of comfort. Indirectly, this
led to an increase in electricity consumption. For example,
because they could get access to the car’s functions from
devices such as a smartphone, some participants utilised
electricity consuming features such as pre-heating on cold
mornings to heat the car, so it was nice and comfortable
when driving.

I set it to heat consistently at a certain time in
weekdays, but that is probably also because we
are running on flat rate so now we don’t save
money on limiting pre-heating. [...] pre-heating
the cabin simply means that you do not come out
to a cold car, which is terrible and wastes range if
it has to be done while driving. - Jim (A)

5 DISCUSSION

The findings in this study contribute to understandings of
the kinds of aspirations and expectations people associate
with everyday electrified driving activities. In the following,
we discuss what implications these findings have for HCI re-
searchers and designers attempting to understand and design
for EV related driving activities and supporting services.

Towards Sustainable Desirable Driving

As Shove and colleagues argue [49-51] social shared mean-
ingful experiences shape how people embed (or reject) de-
signed ’things’ (including digitally supported sustainable
technology such as EVs) in everyday practices. Shove [49]
also argue that expectations, e.g. the 3Cs (comfort, conveni-
ence and cleanliness), play an essential role in how people use
a designed technology and what they expect it to do, which
also have significant energy consumption effects. Kent [28]
has also highlighted that expectations of flexibility, freedom,
autonomy, and comfort are desirable social shared expecta-
tions influencing how people make use of the car as a means
for transport.

Our study shows that expectations continue to play an
important role when people embed the EVs into driving prac-
tices, despite the many regarded concerns and uncertainties
associated with driving EVs [26, 34, 36]. Our findings illus-
trate how participants adapted expectations they associated
with driving in their EVs. At the same time, our findings
highlight such expectations shape how people embed tech-
nologies regarded as sustainable (Evs and own-produced
energy technologies) in electric driving practices, beyond
the desire of "driving on sunshine". For instance, hedonic
sensory experiences of joyfulness, enhanced comfort, and
coolness might actually undermine the possible sustainable
benefits of these technologies. These findings are in line with
similar studies investigating sustainable smart home tech-
nologies [17, 23] illustrating that expectations of desirable
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experiences of embedding advanced digital technologies into
everyday practices, may undermine the sustainable benefits
because they are actually used more. Based on the findings
in this study, we argue a need to better account for such
expectations in future designs of sustainable driving. One
suggestion would be to look at other meaningful forms of
sustainable mobility, e.g. car or ride-sharing [29, 60].
Another interesting direction could be to explore the feel-
ing of slowing down when driving the electric car - an exper-
ience highlighted by several participants in our study. We
believe such experiences relate to the notion of slow travel
[8], which may be used as a means to envision other desirable
experiences surrounding sustainable travel beyond "going
green" visions. The qualities of slowness reflect related vis-
ions of slow technology [16], e.g. slowness with personal
data [41], slow energy [27, 43], and slow living in the smart
home [24] used to promote less energy-intensive activities.
Thus, we believe slow mobility for sustainable driving to be
a ripe area for HCI researchers and designers to engage in.

Towards Playful Tinkering

Studies have shown that it is usually one person in the house-
hold that is the driving force for bringing new technologies
into the household [21, 40], which generate new forms of
household work and play [23, 54, 55, 58]. Our findings in
this study also highlight this particular tendency. The parti-
cipants in our study experienced the EV as a playful and cool
technology, which resulted in time being spent on explor-
ing and playing around its different features. Moreover, the
time spent on these tinkering activities was not experienced
as inconvenient. In particular, the participants experienced
the interplay of the EV and energy-producing technologies
playful and found tinkering with different technologies to
make them fit household needs as amusing and fun. We be-
lieve the notion of playful tinkering and time spent acquiring
competencies to incorporate new technologies into everyday
life is an area often disregarded when exploring sustainable
interaction designs. Therefore, in order to better understand
how possible sustainable futures can be practised, we believe
HCI designers can obtain inspiration from the way that these
early adopters of such technology improvise and tinker with
new technology.

Supporting EV Driving through Digital Ecologies

Besides the car itself, using various technologies to plan
a ride was considered important in the practice of mean-
ingful EV driving. The participants described technologies
such as feedback displays and timers to support charging
the car, while various apps were used to gain an overview
and access charging infrastructure in sequence when going
on long drives. Combining different interactive technologies
to support a particular practice is not new to HCL The most
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common term for such systems of technologies is digital
ecologies (e.g. [4, 13, 26, 52]). Towards cars in general, di-
gital ecologies have proven useful to serve a range of novel
types of mobility, for example, ride-sharing where digital
platforms can support switching between different modes of
transportation [60]. Further, it has been indicated that digital
ecologies are important means for supporting people inter-
acting with the EV itself as a digital device [59]. Along these
lines, we especially see digital ecologies as a mean towards
supporting adopters of EVs to navigate the many different
available charging providers. We see an opportunity for both
researchers and designers to draw inspiration in the way
that people combine applications to access charging infra-
structure as a meaningful whole instead of fragments. In this
process, frameworks that identify interaction (e.g. [25, 52])
could be used to analyse existing digital ecologies.

6 CONCLUSIONS

In this paper, we have presented a study of practices sur-
rounding driving electric vehicles. Through a qualitative
study of interviews and informal conversational technology
tours with five Danish households, we identified themes that
describe how participants experience driving their EV. Our
findings reveal EV driving as an enjoyable and meaningful
practice and that planning- and technology support is im-
portant aspects in transitioning to EV driving. Finally, the
experience of the EV also led to increased driving activity
compared to their former car.

To inspire HCI future research and design on EVs, we
discussed three headings with ideas to inspire future HCI re-
search and design for meaningful EV driving practice. Firstly,
we discussed which implications the EV as new technology
have on peoples’ experiences and use to become more sus-
tainable. Secondly, we discussed how technology-interested
people could provide further inspiration for research and
design with EVs in HCI. Lastly, we discussed the importance
of the role of a digital ecology, supporting EV driving.

Our study has some limitations. Firstly, the recruited house-
holds were early adopters of EVs, and many of them had a
high degree of technology literacy. We realise this may influ-
ence how they understand and use their cars. Secondly, car
use and opinions vary across geographical locations, and so,
carrying out a similar study in a different location, such as
another country, might yield different results.
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6.3 The Connected Car: An Empirical Study of Electric Cars as
Mobile Digital Devices

Michael K. Svangren, Mikael B. Skov, and Jesper Kjeldskov

Abstract: The amount of interactive digital technology in cars is increasing rapidly,
and many new cars are shipped with connectivity. As a result, a new platform has
emerged that holds potentials to facilitate many new and different interactions, both
inside and outside the car. Within the area of HCI for cars, the focus has
predominantly been on interactions with in-vehicle systems and applications of
technology that is enabled through connectivity. However, we still lack in-depth
empirical studies that provide details of the connected car, its use, opinions towards it,
and how it integrates into people’s everyday lives. We report from a qualitative study
of 13 households with connected electric cars. We present our findings in 3 themes of
interaction through connectivity, updating and upgrading car software, and security
and privacy. We further discuss our findings in 3 themes that might inform and inspire
further mobile HCI research with the connected car.
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The Connected Car: An Empirical Study of Electric Cars as
Mobile Digital Devices
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ABSTRACT Previous mobile HCI research involving cars and in-vehicle
The amount of interactive digital technology in cars is interaction has largely investigated and studied interaction
increasing rapidly, and many new cars are shipped with with different kinds of in-vehicle systems and how different
connectivity. As a result, a new platform has emerged that interaction styles and modalities impact the primary task of
holds potentials to facilitate many new and different driving (e.g. [3,7,12,15,18]). Thus, a key concern has been
interactions, both inside and outside the car. Within the area how to minimize effects of interaction while driving. As an
of HCI for cars, the focus has predominantly been on example, Jensen et al. [15] found that GPS systems highly
interactions with in-vehicle systems and applications of affect driving behavior e.g. speeding, and require visual
technology that is enabled through connectivity. However, attention while driving.

we still lack in-depth empirical studies that provide details of
the connected car, its use, opinions towards it, and how it
integrates into people’s everyday lives. We report from a
qualitative study of 13 households with connected electric
cars. We present our findings in 3 themes of interaction
through connectivity, updating and upgrading car sofiware,
and security and privacy. We further discuss our findings in
3 themes that might inform and inspire further mobile HCI
research with the connected car.

While HCI research has mainly focused on interaction with
in-vehicle systems, we are currently witnessing a growing
interest in connected cars — that is cars that are connected to
the Internet. Such connectivity provides new means and
opportunities for interaction, e.g. communication between
drivers using crowd-sourced data to find available parking
spaces [9], or for creating social music experiences by tuning
into the music of nearby cars [35]. Also, the automobile
industry promotes solutions and technologies for the

Author Keywords connected car, for example in Apple Carplay [1] or Android
Connected car; electric car; connectivity; mobile devices Auto [13], or car manufacturer apps like Nissan Carwings
ACM Classification Keywords [33] and Volkswagen Car-Net [44]. Despite these attempts
H.5.m. Information interfaces and presentation (e.g. HCI): and solutions, however, we lack systematic studies that
Miscellaneous; provide detailed understandings of connected cars, and how

they are used and embedded into the everyday lives of
people. Such insights into connected cars can be used to
inform new technologies and services, and are useful not
only for researchers but also for automobile designers.

INTRODUCTION

Today, we interact with and use several digital technologies
while driving, to control car settings, e.g. climate control,
cruise control, or safety systems. In addition, we use other

interactive digital systems in the car (sometimes also while In this paper, we contribute to mobile HCI research with a
driving), for example, mobile phones, GPS navigation systematic empirical study of connected cars. We report
systems, or entertainment systems for playing music or from a qualitative study of 13 households with connected
video. While some of these technologies are prohibited by electric cars where we conducted semi-structured interviews
law, e.g. texting on mobile phones while driving, it is quite and informal conversational technology tours. We are guided
evident that contemporary cars have become platforms for by questions such as how connected cars are being used, how
digital technology interaction, and several cars are further users interact with them through different devices, and what
connected to the Internet enabling new kinds of interaction. users’ opinions are towards owning and using them. Our
findings provide a detailed understanding of the connected
Permission to make digital‘or hard cop?es of all or pat? of this worl$ for car, and show that it in many ways is being used and
personal or classroom use is granted without fee provided that copies are . . .. . . .
not made or distributed for profit or commercial advantage and that copies percelved as a _mObll‘? dlgltal device in concert with other
bear this notice and the full citation on the first page. Copyrights for connected mobile devices, such as smartphones and laptops.
components of this work owned by others than ACM must be honored. We present our findings in 3 themes of interaction through
Abstracting with credit is permitted. To copy otherwise, or republish, to connectivity, updating and upgrading car software, and

security and privacy. Furthermore, we discuss these findings
under three headings with ideas that might inspire further
MobileHCI '17, September 04-07, 2017, Vienna, Austria © 2017 mobile HCI research and design for the connected car.

Association for Computing Machinery. ACM ISBN 978-1-4503-5075-
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RELATED WORK

Interacting with digital technologies in the car is familiar to
most people. Drivers and passengers use various digital
interfaces in the car, but also through other devices with the
latest advances in connectivity. In the following sections, we
will unfold prior research with cars. Firstly, we describe
mobile HCI research with in-car interaction. Secondly, we
discuss the definitions and understanding of connected cars,
and finally, we describe applications and mobile HCI
research enabled through connectivity.

Interacting with Technology in the Car

Over the last years, we have witnessed a considerable
amount research studies on in-car interaction with a strong
focus on investigating the impact of using technologies in
cars, and how this affects driving and driving performance.
This research has primarily considered how to ensure that the
driver's primary task of driving is maintained while
interacting with technology and, in particular, reducing
cognitive and mental load while driving to ensure and
support the drivers’ primary task of keeping their eyes on the
road. Several papers have presented research into existing
technologies (e.g. [7,15,24]), novel interfaces (e.g.
[12,18,29,30]), and driver appropriate interaction types and
techniques (e.g. [3,16]). As an example, Leshed et al. [24]
studied in an ethnographically-informed study how drivers
engage and disengage with the environment while driving
cars using GPS navigation systems. Demonstrating novel
interfaces, Matviienko et al. [30] present a prototype ambient
light as an alternative to graphical GPS displays, and Ecker
et al. [12] challenge deeply nested menu structures often
found in regular displays. Studying interaction types, Bach
et al. [3] compare tactile, touch and gesture-based interaction
for in-vehicle systems. Many of these studies focus on how,
and to what extend, drivers’ interactions with technology
affects their driving, e.g. the primary driving task
performance or eye glance behavior.

More recently, researchers have been faced with the
opportunities and challenges of electric cars and autonomous
vehicles. These vehicles present a challenge as they form a
new kind of driving experience compared to the traditional
car experience [8,22]. For electric vehicles, there has been a
strong focus on drivers worrying about the depletion of the
battery, which is often referred to as range anxiety [17]. As
such, this has resulted in research addressing these
challenges (e.g. [17,22,25,26,40]). As an example, Jung et al.
explore impact of displayed uncertainty in instrumental
estimates of range [17], while Landau focuses on creating an
interface that makes up for the lack of feedback in electric
cars, for example, the lack of sound or vibration, or knowing
when the car is ready to drive [22]. Autonomous vehicles and
especially partly automated driving [8] has also come into
focus in the later years. HCI research studies in autonomous
vehicles have looked into trust in relation to handing over
control to the car [23,31,37], or user interface considerations
for the changing requirements from drivers [11,14].
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The Connected Car

Connectivity in cars has existed for several years It was first
used for voice calls and safety systems, but more recently we
have seen more advanced features such as Internet access
through cars equipped with modems [10].

Several definitions and understandings on connected cars
have been suggested over the past years (e.g. [10,19,42]).
Early research, such as Kleberger et al. [19] mentions that
the connected car can be seen as a set of characteristics of the
in-vehicle network of sensors and devices, the portal to the
manufacturer, and the link between them. A more recent
definition provided by the United States’ Department of
Transportation [42] further include that the connected car has
“connectivity amongst and between cars or vehicles,
infrastructure, and wireless devices to enable safety,
mobility, environmental benefits, and continuous real-time
connectivity to all system users”. Extending these definitions
and characteristics, Coppola and Morisio [10] add that the
connected car is equipped with modern applications, capable
of interacting with other smart devices, and capable of
accessing the Internet and its services at any time. It seems
that the above definitions are accumulative, that is, as cars
develop and get increasingly advanced, new definitions and
understandings emerge that adds to or extends previous
definitions. Summarized, it appears that presently the
connected car is being perceived as a vehicle with integrated
Internet connected technology, providing new opportunities.

Applications Enabled through Connectivity

Mobile HCI research on connected cars has mostly focused
on specific applications or prototypes, and evaluation of
these applications or prototypes. There has been much less
interest for understanding car drivers, passengers, and their
needs and interaction with their connected cars. For example,
some studies (e.g. [34,41]) investigate how to complement
the car’s functionality through connectivity. Tulusan et al.
[41] demonstrate a mobile app that monitors and provides
real-time eco-feedback for drivers. Research involving
multi-device interaction and cars has also explored
collaborative interfaces (e.g. [9,35,38,45,46]). Wang et al.
[45] present different design ideas intended to improve
communication and safety between drivers, and Chiesa et al.
[9] illustrate ideas for the sharing of information to create
systems for collaborative parking. Finally, Ostergren [35]
shows a music system for social experiences by tuning into
the music of nearby cars.

In addition to HCI research studies, the computing and
automotive industry are currently exploring solutions and
systems for connected cars (e.g. Apple’s Carplay [1] and
Google’s Android Auto [13]) or remote controlling car
features, such as temperature controls, through car
manufacturer apps (e.g. Nissan’s Carwings [33] and
Volkswagen’s Car-Net [44]). However, there still seems to
be a lack of focus on understanding how people is using the
services in relation to their cars.



H1 H2 H3 H4 H5 H6 H7 HS8 H9 H10 | H11 | H12 | H13
Adults
(children) 2(3) 2 2(2) 2(2) 2 (1) 2 (3) 2 (3) 2 2(2) 2 (1) 2 (3) 2 2(2)
Age of Adults 42,40 | 56,53 | 55,52 | 52,56 | 35,33 | 34,32 | 39,33 | 52,51 | 38,44 | 57,57 | 52,44 | 59,53 | 50,45
Connected F-Irl?;ac,e Leaf | E-Golf | Leaf | Tesla | E-NV Leaf Leaf Tf:;af' Tesla | Tesla | E-Golf | Leaf
car (Owned) (2,5) 4 (2) (1) (1) (1/2) (1) (2) ) (1) 3) (1) 3)
(Ey%a'j:'y‘;mEters 50.000 | 9.000 [45.000[45.000[35.000| 2.500 |20.000 |15.000|44.000|60.000 |30.000 |20.000 |20.000
Second non No Yes Yes Yes Yes Yes No No No Yes Yes No No
connected car
Living area Rural | Rural City Rural City Rural City City City City Rural City City
Table 1: Overview of the participating h holds. All h holds had 2 adult members and ten of the households had children

living at home. The households included five different brands of electric cars including Nissan Leaf (6), Tesla (5), E-Golf (2), E-NV
(1), and Renault Fluence (1).

STUDY

So far, mobile HCI research with cars has primarily had a
focus on interaction with in-vehicle systems. Many specific
systems and technologies that use connectivity are suggested
in the literature, and several commercial products are already
being used. However, no HCI studies provide detailed, in-
depth empirical insights into the use of the connected car,
how technologies connected to the car are being used, and
how they integrate into in the everyday lives of people. In
this paper, we address this gap and contribute to mobile HCI
research with cars by reporting from an empirical study of 13
Danish families with connected cars.

Participants

We recruited 13 households to participate in our study with
a total of 26 adult residents. From these households, 19 adult
participants were interviewed. All households owned at least
one electric car. We chose electric cars as inclusion criteria
as these vehicles highly integrate connectedness. The 19
participants in the households were between 32 and 59 years
old (M=47). Ten households had up to three children living
at home, and the remaining three households either had no
children or no children living at home. All households were
distributed across Denmark in smaller towns or cities (N=8)
or in rural areas (N=5) as illustrated in Table 1. Six
households were exclusively electric cars households (two of
them had two connected cars) while the remaining seven
households were hybrid households owning both an electric
car and a fossil fueled car. Two households had an electric
car that was rented (H6, H13). Adults in all households were
in permanent jobs, except H2, where the wife had retired and
H11 where both adults were part time employed. They were
all middle-class households and were living in single-family
houses.

As illustrated in Table 1, the participating households drove
between 2.500 km and 60.000 km per year in their electric
car. Five households drove between 10.000 and 30.000
kilometers a year, and six households drove 30.000

89

kilometers a year, where one of them, drove just above
60.000 kilometers a year (H10). Two of them drove fewer
kilometers per year since they primarily drove their electric
car during summer (H2) and because they had a leased
electric car with a yearly kilometer maximum (H6).

We recruited our participants through online forums aimed
at electric car owners (e.g. Facebook groups for different
electric car models). Our recruitment was part of another
research study where we developed and deployed a survey
for connected car owners (advertised through the online
forums). As part of the survey, we asked if the car owners if
they were willing to participate in this study. The criterion
for participation was that they owned at least one electric car
that was connected. Of 204 survey answers, 165 agreed to
participate in this study and we chose the included 13
households from the following criteria: (i) different car
models, (ii) different living areas (e.g. rural or metropolitan
areas), (iii) different composition of the households (e.g.
couples with/ without children), (iv), how long they have had
their car, (v) participant age, and (vi) with and without a
secondary non-connected car.

Data Collection and Analysis

Data collection was based on qualitative, semi-structured
interviews, combined with explorative interviews [21] in the
beginning to focus our study. We requested that all (adult)
household members participated in the interviews, which
were the case in six households. In the remaining seven, we
interviewed only one person (the primary electric car driver).
Before each interview, we prompted each household by
email with questions about their specific car model and
driving behaviour. For example, we asked owners if they
could describe their driving patterns for the last three months.
The purpose of this approach was to make them reflect about
functionality and interactions related to their car, which
would enable us to get richer data.

We conducted informal, conversational technology tours at
each household before the actual interview [6]. Here we



asked the participants to show us their car(s), and show
examples of how they used it, and how they didn’t use it. The
purpose of the technology tour was twofold. Firstly, we
wanted the participants to speak more openly about their cars
by revealing possible tacit knowledge. Secondly, we wanted
to be able to get a richer and concrete understanding of their
cars and technology around their cars. This sometimes
resulted in that the participants wanted us to try their cars
(H1, H3, H5-H7), or show us how certain technologies, such
as apps and charging infrastructure, integrated with the car.
We took notes during the technology tour for later analysis.

We conducted our interviews in two rounds, inspired by Yin
[47]. The goal of the first interview round was exploration
where we included “what”, “how” or “where” questions. The
focus was on exploring the domain and learning about the
usage and features of the cars. The goal of the second round
was explanation, where we could follow up on findings from
the first round by including “why” questions. The focus was
on explaining these findings in depth.

The first interview round had a broad focus, and we didn’t
apply a specific interview guide, but rather we used an initial
set of themes to guide our questions. An example of a theme
was “devices”, where we asked specific questions about
which devices people used, how they used them and in which
contexts. The interviews were audio-recorded. A total of nine
hours of audio was transcribed and coded for thematic
analysis by two of the authors. This was done in three steps.
Firstly, we familiarized ourselves with the data by reading
the transcribed interviews several times and identified
suggestions for codes (e.g. “security”). Secondly, we added
specific codes to interview quotes (e.g. the code “privacy”
for this quote “I’m not sure exactly what or when data is
collected”). Thirdly, we created themes using affinity
diagramming [5], where quotes were put on a bulletin board
and reorganized into themes over several iterations.
Unsurprisingly, during the interviews, the participants also
talked about issues related to their electric car, such as range
estimation or charging. However, these were excluded from
our analysis as our focus was on connectivity related topics.
As aresult of this, three themes emerged; interaction through
connectivity, updating and upgrading car software, and
security and privacy.

The second interview round aimed at explaining the themes
we uncovered in the first interview round further. We used
the themes to form a more detailed interview guide for a
semi-structured interview. Examples of questions asked in
this round were why they used a certain device in a particular
way and why it was important to them. The interviews were
recorded on audio, with supplementary notes. We collected
a total of ten hours of audio recordings and several researcher
notes. These were transcribed and coded similarly to the first
round of analysis. However, in the second round, we
grounded our analysis in the themes we found from the first
round of interviews.
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FINDINGS

Unsurprisingly, during the interviews, our participants
mentioned and talked about various issues not related to
connectivity, which confirms previous research related to
cars, like range estimation, charging, in-car interaction and
driver distractions. However, we also identified themes that
emerged specifically because of their connected car.

Our findings showed that our participants perceived their car
as being different from cars with no connectivity. This
perception was also evident for the seven households with
both car types. Households referred to their electric car as a
digital device and used words and phrases like “computer on
wheels”, “gadget”, “mobile computer”, “device”, “Internet
of Things” . Interestingly many of them saw their electric
cars as an ever-changing product that would get or receive
new functionality over time, as articulated by one
participant: “You really feel that the manufacturer of our car
is more a software company than a traditional car company,
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because they release the sofiware incrementally and often”.

In the following, we describe three themes that illustrate a set
of aspects of the connected car that was important to our
participants, namely (i) interaction through connectivity, (ii)
updating and upgrading car sofiware, and finally (iii)
security and privacy. We have anonymized our households,
and we refer to them as HI-HI3 (as in Table 1).
Occasionally, we refer to the number of households behind
an observation, for example, (3/13) would mean three out of
thirteen households or (2/5) refers to two out of five Tesla
owners.

Interaction Through Connectivity

Our study showed that all participants interacted with their
connected cars through mobile devices. To many
participants, connectivity was a primary motivation for using
their car. Some would talk about the car as being in an eco-
system of devices that could interact together, and that was
why they were more interested in using it. For instance, H4:
“When I get into my car, the whole thing is synced, and it
Jjust seems well integrated with my other devices, that is why
1 like it so much. For example, I can get statistics on my
phone or my laptop and the infotainment system is synced
with the audiobook I am playing on my phone”.
Additionally, some would even argue that connectivity was
essential in their decisions to buy the car and further
perceived it as a gadget:

HI1: “It is really cool that the car can do all this stuff, that is
one of the primary reasons why I bought the car. It wasn’t
cheap, but then again, gadgets aren’t cheap”.

Most of them used smartphone or tablet apps to interact with
their car (11/13), while a few of them used their desktop or
laptop computers, but it was apparent that the convenience
and availability of smartphone technology were preferred, as
stated by H4: “I mostly use the car app for my smartphone,
because it’s faster and I can do more things there than on my
laptop”. A single household (H10), had installed an app on



a smart watch that allowed them to watch the status (e.g.
battery power) of the car. Although the use of it was limited,
they liked using several devices and didn’t like being
restricted by device types: “I have installed the app on my
smart watch. It allows me to get a quick glimpse of the status
of the car and I can get notifications such as when the car
has a full charge. Sometimes I find myself limited by the
smart watch app so I often end up just using my smartphone.
However, I find it very important that the car has an app for
most platforms and I like that I have several possibilities and
that I'm not restricted to one type of device”.

Smartphones were often used to interact with the car to get
data or information on things like battery level, mileage, the
car’s physical location, or electricity charging status. For
example, it was quite noticeable that many participants
occasionally checked the battery level of the car from their
smartphone while being away from the car, and sometimes
the car also notified or informed household members on, for
example, charging levels, and several participants found this
very useful:

H11: “We travel a lot, and when we sit at a café while the
car is being charged, the car will contact us on the phone
when it has sufficient battery power for the remaining
Jjourney and that makes the whole system smarter”.

Some households (6/13) were aware of various aspects of
their electricity consumption and checked information about
their car so that they could do calculations such as current
kilometer prices. They further explained that they had often
done that in their old car by checking the dashboard,
however, that required them to be in the car. It was more
practical for them get information on their phone any time
they liked.

Controlling the Car Remotely

Besides checking information and data about the cars, most
of our participants (11/13) also used their smartphone as
remote controls of functionality or features in the car. Often
remote controlling was done out of convenience. We
identified several scenarios where remote controlling using
smartphone (or tablet) apps was quite convenient and
practical, in particular for controlling the temperature in the
car, or for controlling battery charging. We discovered (like
several previous research studies) that battery charging is an
important aspect of owning and driving electric cars. Our
households would often use their smartphone to handle such
aspects, such as remotely controlling the charging of the
battery instead of going to their car:

H7: “We have just got a new app for our electric car, and
occasionally we use this app for battery charging while
sitting in our living room”.

Interestingly, in one of the households, the person that was
using the car less frequently (from H5) was able to control
and initiate the battery charging if occasionally forgotten:
“Sometimes I will start the battery charging if he (the
husband) has forgotten to charge the car”. Further, some
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participants used the app to control charging if they had
specific needs, for example, charging beyond recommended
values as illustrated by H4:

H4: “Electric cars should normally not go below 20% of
battery, but they should also not go above 80%. Accordingly,
I have my car configured for that. However, if I need to go
for a long drive, I sometimes use the app to override the 80%
rule”.

Another common use of remote controlling was to control
heating or cooling of the car remotely, and several of the
participants would, in fact, use this before entering the car,
as stated by H12: “During winter when I return to the airport
from a trip, I'll put on heating in the car with my app as soon
as I leave the aircraft, so the car is nice and warm when I get
into it” or articulated by H1: “I don’t use the app for many
purposes, but the heating control in the car is cool. I use it
very often during winter”. Further, they mentioned that they
used remote controlling as a mean to personalize the cars
temperature settings. Besides the pleasure of getting into a
warm or cool car, several of them mentioned that this was
quite important for electric cars as it naturally requires a lot
of electricity to either heat or cool the car, and when parked
somewhere, their cars were often connected to a charging
station and thus this would not use the battery to cool or heat:

H4: “I always use the app preheating my car in the morning
from my phone. I think this practical because it’s already in
the charger and then I won’t waste any energy that should
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have been used for driving”.

The five Tesla households found that the Tesla app was quite
sophisticated regarding functionality, and all of them
currently used or had tried to use advanced remote
functionality for thing like unlocking their car or they had
even tried to start the car remotely because they had forgotten
their key at home. However, the app also had some unused
functionality because Tesla owners couldn’t see the point, as
exemplified by H1: “I use most of the app’s features.
However, it also has some functionality, such as, flashing its
lights or honking the horn. I've only use them for showing off’
because it’s something you do when you are in the car”.

Manufacturer and Third Party Applications

We identified a difference between the car brands regarding
smartphone interaction and apps. One brand (Tesla) included
an open platform where third parties could develop
applications versus closed platforms where only the car
brand themselves could develop applications. For the latter,
all electric cars came with a brand-specific application where
our participants typically accessed data or remote control as
illustrated in the previous section. However, some of the
Tesla owners mentioned third party apps that could be
downloaded and used in connection with their Tesla as Tesla
provides an application programming interface (API) for
third-party developers. A few of them (2/5) had experiences
using such third-party applications.



H1: “I bought this app developed by some local teenager
where I can get more detailed charging statistics and
functionalities, which is practical as we only charge one car
at a time at our house”,

H1 had experimented with several different apps, and used
these them to plan charging times, and to learn about specific
charging patterns, which could not be done from the
originally supplied app.

The non-Tesla car owners did not have access to third-party
applications and therefore only used the manufacturer app
that came with the car (8/13). Some of the non-Tesla owners
were frustrated with the lack of opportunities to use third-
party applications. For example, H3 knew that their car
workshop could retrieve data from car components such as
the battery, but it annoyed him that he could not access this
data through an app and H4 argued that it would be nice to
transfer planned routes from his smartphone to his car.

H1 had two electric cars, but were unable to interact with one
of them remotely (a Renault Fluence) because the company
that supplied the connectivity to their car had gone bankrupt.
Therefore they were restricted to in-car systems interaction,
as H1 explained: “We can’t actually use it (the app) since the
company servers are no longer running”. It resulted in them
feeling restricted compared to their other connected car. This
led to further questions for all the participants about if they
had experienced any moments that resulted in apps that
didn’t work which interestingly, had occurred to everyone.
This led to them being frustrated because they would lose
functionality as they did not have any means to solving the
problem:

H2: “Well, sometimes my app doesn’t work, that is annoying
because then you lose all the functionality you know.
Furthermore, you haven’t got any chance of fixing it
yourself. The only thing you can do is to contact the
manufacturer”.

Updating and Upgrading Car Software

As part of the electric car being perceived as a digital device,
most households (10/13) knew that software was, or could
be, updated in their cars. Interestingly, some participants
related updates with their phone, and some of the problems
related to it. For example, as said by H1: “I always keep my
car updated, I think it is more secure that way, like my phone
or my laptop, you don’t want a security issue that could
compromise your safety”, and as articulated by H6: “I know
that some have had some issues with security in the past,
however, honestly, I don’t think about updating my car, 1
guess it is probably as important as your phone, after all it
is connected to the Internet. However, it is just easier and
more visible to do on the phone, because unlike my car, it
Jjust prompts me when an update is available”. Interestingly,
one of the participants did not care for updating, because they
didn’t feel comfortable doing it:

H2: “I don’t know if it is possible and I wouldn’t really feel
comfortable about updating the software in my car myself. I
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don 't think I have the competencies to do it, I'm not that good
with a computer, so I will probably just go to the repair
shop”.

Most participants would often link an update to getting new
functionality. Particularly the Tesla owners (5/5) were quite
aware what new features they received in the latest software
update. However, some also knew or were aware of future
updates that had fixes or security corrections:

H9: “You get the update notification directly on the screen
of the car, so I'm quite aware of new updates, you don’t get
that with our Leaf, and I'm actually not sure if I can update
it myself”.

Three of our Tesla owners enjoyed the driving assistance
feature and how it got better with software updates. One of
them (H10) experienced that their car got increasingly better
at driving by itself (autopilot) through software updates.
Others (H9) had experienced navigation improvements:
“Our cars navigation system has recently been updated, and
it is much better now, before, it used to crash so I would have
to reset the system”.

The regular updates for Tesla owners were free of charge.
However, they could also upgrade the car software with new
additional features, for example, the Tesla autopilot, which
cost money. All our Tesla households had bought the
autopilot upgrade (two of them after a limited trial period),
and this was somewhat expensive (3700 USD). Other
households, such as the six Leaf and two E-Golf owners
received software updates less frequently compared to
Teslas, and in general they were less aware of what the
software updates included, H9 stated: “I think the repair
workshop updates the car but we are actually never told, so
1 don’t know when or if they update the car”. Finally, three
households had no personal experiences with software
updates for their cars, and they were, in fact, unsure or
skeptical of if this was even possible, as articulated by one of
the households:

H6: “I don’t think the car ever gets the sofiware updated. 1
can’t say if there have been some minor updates because I
haven't experienced them”.

The households were rather different regarding how often,
and when, they would update their electric cars. H1 normally
updated as soon as possible due to interest in new features,
while H2 had chosen to deselect service on the car, which
meant that they didn’t receive official updates. In general,
software update frequency seemed to be influenced by two
aspects for our participants. The first was ease of updating.
The Tesla owners could update easily according to their
perception, where they could use the app (or from the car)
while others had to take their car to the repair workshop. H9
articulated: “I am pretty sure that I have to take the car to
the repair workshop to get an update, but I haven't tried it
vet”. The second aspects relate to new features or
functionality. Some of the households were more positive
towards updates if they received new functionality, and it



was easy for them to d. As expressed by H11: “I love that I
can update my car, it’s really simple just clicking the update
button, it makes me do it every time. Then it can suddenly
drive or park by itself, makes me look forward to the next
update”.

Installing Updates

Households mentioned two ways that software updates could
be installed, namely wirelessly or manually. Again, these
two ways were closely related to car model. Updating the car
software wirelessly involves receiving updates through an
Internet connection, and this was only relevant for our Tesla
participants. Three of five Tesla households said that these
updates prompted them (through the app or in the car) and
that updating would typically take up to 1.5 hours where the
car would be unavailable. Not surprisingly, they all preferred
to update the car software during the night or at other times
when they did not use the car, as explained by H1: “We can’t
drive it while it’s updating, but it is not a problem because
normally we install software updates for the car during the
evening or night where we don’t use the car”. In contrast, the
manual updates for the other cars took place either at their
repair workshop in connection with regular car maintenance
or some would do it themselves manually (8/13) as explained
by one of the households:

H3: “I have to visit the repair workshop to get the latest
updates. I have learned this because I know the mechanic at
the workshop. Then the car will be unavailable for several
hours. However, I can do some updating myself such as
updating the GPS system, but then I must use memory cards
to transfer data. I don’t think it is worth the hassle”.

HI even tried to make an unofficial and personal update to
the software system in their Fluence. They modified the
entertainment system as it was no longer working due to lack
of network connection as the company behind went
bankrupt. Five other households, some of the Leaf and Tesla
households, had considered making similar installing
modifications such as upgrading the in-car navigation
systems. But they all articulated concerns and perceived it as
expensive, and were afraid to lose benefits. As exemplified
by H5: “You can install sofiware, it’s just running Ubuntu.
However, it’s probably hard without voiding the warranty or
losing some benefits like free charging, and I'm not willing
to take that chance”.

Surprise and Frustration

We found that the software updates sometimes caused
participants to be frustrated or surprised, for example, when
they experienced modified car behavior. For example, HS
articulated that the car autopilot suddenly changed behavior
after a software update, where the autopilot radar identified
oncoming traffic at a further distance than previously, which
caused the car to automatically activate the brakes earlier.
This change surprised them, and took some time to get used
to. They also mentioned that their interactive dashboard
would suddenly turn off:
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HS5: “The dashboard would occasionally freeze, which meant
that we could not see how fast we were going or see the status
of the car. We had to pull over and restart the cars computer
to make it work again. That was annoying and a bit scary,
but I think they fixed it now”.

Sometimes software updates would even remove existing
functionality or features, which not only caused participants
to be surprised but also caused them to be irritated or
frustrated. As an example, H2 experienced a software update
for their Leaf, where a feature for competing with other Leaf
owners on mileage was removed, as articulated:

H2: “I think they removed a feature where I could compete
with other car drivers on how many kilometers I could go on
one single charge. I am quite displeased with this because 1
used that feature quite often”.

Security and Privacy

It was clear to most of the participants that in some cases
there were security issues when interacting with their car
through other devices. Many participants reflected on
possible security issues of other digital devices (9/13). H1
articulated it in this way “I think the car is safe enough and
I'm not sure that you can hack it, but you could of course
control some of its features by hacking the phone”. Also,
four of the six Nissan Leaf owners had heard of attempts of
hacking their car model through exploiting insecure
smartphone apps. H4 and H9 mentioned an error in the Leaf
software system that allowed hackers to control basic
functions such as the climate control or charging — H9:
“Nissan had some problems a while ago with their
CARWINGS app, where you could control some car models
by entering the serial number in its windshield”. While this
was already fixed in an update (which they’ve had to go to
the repair shop to get), H4 said that this was one of the things
that made them question security and quality of the software:

H4: “It makes me question the safety and security of their
systems, it’s not like I wouldn’t use the car, but I would
probably think twice before using the app”.

While some trust went into using the different apps from car
manufacturers, Tesla driving households were more careful
with which third party apps they downloaded and used due
to the more open platform. While most cars only allow basic
functions to be accessed and remotely controlled, like
climate control and charging, Tesla allows controlling more
advanced functionality through its API. Two Tesla
households had experience with such third-party apps, but
these apps required that their credentials, used for logging
into the car were entered. H1 and H9 expressed concerns of
having such information in several places, and that it requires
trust in those who develops the apps, as stated by H9: “T
certainly don't like that my credentials are stored in several
places, and I try to restrict the number of apps 1 use, because
vou never know if the developer knows anything about
security”.



Privacy Concerns

Almost all households (12/13) were aware that the different
car manufacturers actively collected and used data.
However, many had limited knowledge on what and when
data was collected, and for which purposes it was used, as
articulated by H12: “I'm not sure exactly what or when data
is collected, but I know must be quite a lot, because I think it
is used improve the cars”. H1 and H5 knew that data was
used for updating software such as their Tesla’s autopilot
driving capabilities, while H3 expressed that they knew the
car manufacturer was collecting data about their battery.
However, it was still unclear to them, which data was
collected. This resulted in frustration because they didn’t
know what the car maker could use those data for. We found,
that some of the frustrations and uncertainties were due to
lack of details in the car, that is, what manufacturers used
data for, as expressed by H6: “There is a prompt that says
that it is synchronizing data, but I am not actually sure what
it does, I just press OK. It’s invisible to me. They could be
using my data for anything without my knowledge”.
However, whether or not the car was sending or receiving
data was perceived as unclear. Even though they had
uncertainties about which collected data, all households
found the thought of supplying data to the car manufacturers
acceptable if the data was used for appropriate purposes (e.g.
statistics or improvements), and was anonymized. They also
expressed positive attitudes towards sharing data as this
could benefit them, as mentioned by Hl: “I think it’s
perfectly fine that our data is used, for example, for
predicting traffic flow. When you want some functionality,
it’s only fair that you contribute”.

Several households (6/13) were concerned with sharing of
certain kinds of data like location information because such
data could be used for other purposes, as explained by H12:
“I think it’s fine that my data is included in various statistics.
However, I don’t want them to track me or my segment to
predict my habits and then sell those data to others”. Some
of them also agreed that location data could be used against
them. H1, H5, and H11 mentioned that they would be
unhappy if data about their location were handed over to
others or even worse stolen:

H11: “I would be unhappy if location data could be handed
over to, for example, the police. They could use that to give
me a fine. I don’t think it’s any of their business. It would be
even worse if a thief got hold of them, then he could use it to
see when 1 left my house.”

H11 had thought about this scenario a couple of times and
were concerned with the implications. However, upon
further reflection H11 said: “Well, having all these data can
also be positive. The same functionality could be used to
protect my car. If stolen, I can just find it, because I can see
where it is!”.

Many households were already using car location to track
and monitor each other in their daily routines, and they also
reflected upon privacy issues. For example, in H1 and HS5,
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they sometimes used the app to track when the other person
in the household got off work and where they were. H5
explained that tracking location for them acted as a security
mechanism in knowing where the other one was and that
he/she was okay. H4 imposed stricter tracking rules of each
other, and they argued that they never used the tracking
feature because it was wrong to track each other. However,
we didn’t observe any occurrences of households trying to
prevent data being collected, and there seemed to be a
consensus that they had other devices that could be tracked,
as articulated by H12: “You can also track a phone. And you
could argue that it is more interesting to track a phone than
a car because that’s always on me”. One participant (H3)
had quite strong opinions about collecting data and suggested
that if data collection was optional, it could solve the
problem: “It’s my car. I've paid for it. I think it’s fine to
supply data, but I want to be able to turn it off like I can on
my phone”.

DISCUSSION

Our study of connected cars revealed the three themes of
interaction through other devices, updating and upgrading
car software, and security and privacy. Our findings
illustrated that to our participants the car is considered a
device integrated into a larger eco-system of devices. In fact,
sometimes the car was even being described as something
like existing connected platforms such as the smartphone
which have had the attention of the mobile HCI community
for many years.

We believe that the findings from our study constitute a
contribution to mobile HCI research on cars as connected
devices. In extension of this contribution, we will in the
following outline some considerations that might inform and
inspire further research.

Supporting Continuous and Collaborative Interaction

It was clear that the car and related devices hold a lot of
personalized information and settings unique to most users
or households. However, what made the individual car even
more personalized, was that many of the participants had an
eco-system of devices and apps that they frequently used to
interact with their car. For the connected car, the mobile
phone serves a clear purpose of accessing information and
data about the car, for example, battery level. We believe that
existing systems could be further improved. However, we
also see possibilities for other types of interaction such as
continuous interaction [39] supporting migrating or
synchronizing data between cars and devices.

Continuous interaction could integrate into car devices
inspired by the functionality found in many devices today as
for instance, Apples continuity [2], where activities can be
continued from one device to another. Such functionality
enables documents to be available on the phone, but also the
tablet or the laptop. Furthermore, when we buy a new device,
we have the option to import our settings, contacts, and
applications, so that we can continue our interaction as it was
the same device. We see the car as a similar device capable



of continuous interaction, which is also indicated by users in
a study by Raptis et al. [36]. For example, when we plan a
trip on the phone, we can access that trip on the car’s onboard
navigation computer, the devices are synchronized. Further,
we also see the possibility of synchronizing data between
cars. For example, when owners buy a new car and instantly
has access to his apps, services, driving data, and settings,
just as if he was driving in his old car. Such scenarios are also
relevant in new markets with car sharing, where drivers do
not necessarily own a specific car. Further research could
look into this area by exploring different possibilities for
continuous interaction and perhaps find inspiration in multi-
device interaction frameworks (e.g. [39]).

Our findings also indicated that our participants used several
of the car’s features for collaboration. We found that some
used the build in features to support different practices in the
home. For example, in one household the location of the
spouse was used so cooking could start. In another household
monitoring battery levels allowed the spouse that did not
have the car to start charging if forgotten. We see
collaborative interaction as being useful in various situations,
such as household members that support remembering
various tasks. Besides the cars’ built-in features for
collaboration, we also identified cases where participants
would use apps that required that other users would report in
data about things like traffic jams at the charging point. We
see opportunities for further collaborative use and studies of
the car both in-vehicle and with other devices inspired by
current literature that is also exploring these challenges (e.g.
[9,35,45]). We believe that there are further possibilities for
collaborative interaction in driving situations that can assist
drivers, such as passengers helping the driver or even drivers
helping other drivers. Furthermore, we see a possibility for
enhancing the experience of more novel technologies, such
as autonomous vehicles in situations that does not require
full driver attention.

Managing Changing Functionality

Our study revealed that Tesla owners had a high awareness
towards updates and had experienced it several times. It also
revealed that sometimes they would get updates, that altered
the behavior slightly. For example, one of our Tesla owners
had experienced unexpected behavior from the autopilot so
that functionality also had to be slightly relearned. However,
the car is an advanced piece of technology, where the
functionality of its components is often considered critical to
reducing crashes. Studies in HCI has already addressed this
area, arguing that changing software without informing the
user challenges their mental model (e.g. [3,15,27]). This
presents a challenge because altering software to do
something different could increase the driver’s mental
workload, and therefore could pose a safety risk. Another
dimension is how much change users are willing to accept,
which is also indicated by Lyrra and Koskinen [27].
Research into this area could investigate how updating the
car could have an effect on the user, possible restriction,
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ways to inform the user about system changes, and if specific
contexts are relevant to this.

It seems that visibility of updates was important to our
participants. For example, Tesla owners would look forward
to updating wirelessly and knew that they would receive
additional functionality. Some of our non-Tesla driving
households knew of updates but were unsure how got them
and what functionality had changed. The only way for them
to get an update was at the repair shop to get an official
manufacturer upgrade. Surprisingly, most participants only
thought about updates as getting functionality. Thinking
straightly in functionality can be a problem because updates
are also important for getting the latest safety and security
features [32,43]. A simple solution to this problem is to
install updates automatically. However, research has shown
that this is not always the proper solution for every user, for
example, the ones that want control [43]. Research into how
to distribute software and which interfaces and information
should present updates presents a challenge that we believe
will need exploration.

Facilitating Security

Many of our participants didn’t think of their car as
something that could be compromised or hacked.
Surprisingly, they could reflect on it after they showed us
how smartphones and computers were a part of their
interaction with the car. To some of the participants, the idea
of a compromised car was very real, and it would seem like
it was most apparent to the owners of car models with more
advanced features. While it hadn’t happened directly to any
of the households, they had heard of incidents where phone
apps were exploited, which made it possible to hack cars.
Awareness towards digital security is not a new phenomenon
in HCI (e.g. security on the Internet), it is important to
consider how to create a secure environment for novices or
users with less technical knowledge.

With an increasing amount of data is transferred, it is perhaps
also important to consider needed data for the manufacturer
which is not only important in relation to more technical
aspects such as bandwidth and storage but also trust from the
users. One of our participants was quite skeptical about the
data he could see and knew that there must be more data than
he could get from the various displays, which frustrated him
to overcome such issues. Further research is needed in this
area, however, as a starting point researchers could look at
the car and compare it to HCI research of other connected
mobile devices, such as smartphones.

We found that households were aware of manufacturers
actively collecting data and using it for various purposes,
such as making new updates. The general tendency was that
manufacturers collecting data were acceptable. However,
many of the households were unsure exactly what data was
collected, and to some this caused frustration. While many
of the households trusted manufacturers not misusing data,
some of them agreed that some types of data, if leaked, would
be harmful. Similar concerns from users are also represented



in the literature concerning other devices (e.g. [4,20,28])
where users sometimes want to hide data such as location.
The solution, however, as suggested by one of our
participants, could be to simply have options, like
occasionally hiding their location, which is also supported by
Mancini et al. [28]. We propose that researchers look further
into such issues, and more importantly, what needs to be
controlled by the user and what can be collected
automatically. However, to achieve this, a deeper
understanding is needed of issues such as trust, and how
different contexts are sensitive to people and collecting data
from the car.

CONCLUSIONS

We have presented an empirical study of 13 households with
connected electric vehicles. We explored the car from the
perspective of it being a connected, mobile digital device.
We conducted interviews with participants, and through
thematic analysis we identified three themes of interaction
through connectivity, updating and upgrading car software,
and security and privacy, which described the use and
importance of different devices in relation to connectivity
and the car. We found that owners would often interact with
their car through other devices, such as smartphone apps.
Further our findings described how the car could get new
functionality through updating and upgrading its software.
Finally, our participants were sometimes frustrated by safety
and privacy issues, such as which data sent to the
manufacturer. To inspire and inform further research in
mobile HCI with the connected car, we have discussed our
findings under the three headings of supporting continuous
and  collaborative  interaction, —managing changing
Sfunctionality, and facilitating security. We have discussed
that mobile HCI research could consider research into how
continuous and collaborative interactions can be supported
in different contexts. Further, we discussed implications of
changing functionality through updates and how research
could consider mental load and trust to explore it. Finally, we
discussed research into security and privacy and how mobile
HCI research could begin to explore cars for inspiration in
other mobile device research.

Our study has some limitations. Firstly, while all recruited
households had at least two persons that lived in their own
houses, we acknowledge that other types of compositions or
housing, for example, singles or living in apartments, might
have had an impact on the results of our study. Secondly, the
recruited participants were early adopters of car technology
and emerging technology in general. Again, this might
influence how the perceive and use both their cars and the
related devices when interacting with the car. Finally, we
realize that many modern non-electric vehicles are also
connected. Studies of these vehicles are therefore needed to
reveal more domain specific areas.
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ABSTRACT

Ride-sharing can potentially address transportation
challenges such as traffic congestion and air pollution by
letting drivers share their cars unused capacity with a number
of passengers. However, even though multiple ride-sharing
services exist and HCI research has investigated various
aspects of their use, we still have limited knowledge on
how passengers use ride-sharing services to plan their trips.
In this paper, we study how passengers use existing services
to support the activity of planning a trip. We report from a
qualitative study where we participated in 5 rides and
conducted interviews with 19 passengers about their use
and opinions towards ride-sharing services. We found that
planning a ride involves comparing individual preferences
across a number of services which enabled participants to
support finding a trip and handle challenges such as privacy
and trust. Further, we discuss these findings and their
implications for future HCI research in ride-sharing.

Author Keywords
Ride-sharing; transportation; mobility;
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INTRODUCTION

Ride-sharing is often suggested as an immediate minimal
cost solution to address challenges such as increased air
pollution or traffic congestion by tapping into the significant
amount of unused capacity in transportation networks
[5,17,44]. From a personal perspective, ride-sharing provides
passengers and drivers with the opportunity to split travel
costs such as gas, toll, or parking fees [15], but despite such
benefits, ride-sharers still face a number of challenges. For
passengers, one of these challenges is planning rides,
especially if ride-sharing is only part of their full trip and
other types of transportation has to be considered [15].
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Several online services have emerged over the last years
supporting trip planning and ride-sharing, for example,
UberPool [42], GoMore [16], and BlaBlaCar [2]. These
services provide new opportunities such as ride-matching
through the use of platforms such as the web, smart phone
applications, and social networking, thus making it more
accessible and attractive for individual travelers.

HCI research has studied different aspects of ride-sharing,
such as, technical solutions supporting efficient ride
matching or passenger-transfer algorithms (e.g., [9,10]), but
also studies that investigate the value ride-sharing bring to
different groups of people such as the elderly [30,39] or low
resource populations [14]. Also, research into subjective
meanings and use have exposed reasons why people do not
use ride-sharing such as data privacy problems and lack of
trust between drivers and passengers (e.g., [7,11,23]).
However, even though several services exist and HCI
research has provided valuable insights into how and why
people ride-share through them, we still have a limited
understanding how ride-sharing services are used, with
respect to, how passengers exactly plan rides, which rides
they consider using, if efficiency is important, and if other
services and devices support ride-share planning.

In this paper, we extend previous work with an empirical
understanding of how passengers use existing ride-sharing
services and technologies to support planning of their trips.
We are studying the use of existing services (e.g., social
platforms and dedicated ride-sharing services) and why and
how they use them. We present our results from a mixed
methods study, where we participated in 5 rides and
interviewed a total of 19 passengers. One of our primary
findings of this study was that participants did not only use
ride-sharing services to plan their rides. Surprisingly, they
planned their rides across a number of services (e.g., multiple
ride-sharing and transportation services) which enabled them
to handle some of the challenges mentioned in the literature
such as ride coordination, trust, and privacy. We present our
findings in six themes that describe passengers’
considerations towards planning a ride and the use of
services to support it. Furthermore, we discuss these findings
under three headings of facilitating partial and detour ride-
sharing, passenger trust and privacy, and finally, facilitating
interaction with multiple services. We discuss the
implications of our research and how we can use them to
inform and inspire HCI research and design of systems and
services that support ride-sharing.



RELATED WORK

In the following sub-sections, we will unfold literature
focusing on ride-sharing with cars. First, we explain the
overall concept of ride-sharing and secondly, we describe
HCI literature with ride-sharing focusing on passenger
planning of trips.

Ride-Sharing History and Characteristics

As part of the growing "sharing-economy", ride-sharing refer
to a mode of transportation in which individual travelers
share a vehicle for a trip and split travel costs such as gas,
toll, and parking fees with each other [15]. While several
terms or concepts exist for this sharing of rides, such as car-
pooling, hitchhiking, or peer-to-peer shared rides, we will in
this paper use ride-sharing as concept to describe this. We
will also like to emphasize that ride-sharing services are
different from taxi-like services, such as Uber or Lyft, that
likewise offer to transport people for a fee [9]. Despite this
difference, we found that the word ride-sharing is often used
for systems that have a more taxi-like nature.

Ride-sharing can be categorized in terms of two organizing
strategies namely unorganized and organized ride-sharing
[15]. Unorganized ride-sharing is ad-hoc (e.g., hitchhiking)
and does often not scale well [15]. Organized ride-sharing,
on the other hand, relies on agencies that provide ride-
matching opportunities for participants. While unorganized
ride-sharing has existed for many years, the more organized
forms of ride-sharing were introduced by the U.S.
government with the purpose to conserve fuel during WWII.
However, ride-sharing became quite popular in the 70’s [28],
where people organized rides through communities using
slip-boxes and bill-boards to exchange offers or requests
[15,18]. However, for many years, ride-sharing was static in
the sense that is, rides had to be arranged some time in
advance beforehand, which wasn’t very flexible or easy
compared to private car usage [1].

Furuhata et al. [15] identified four types of ride-sharing
patterns; i) identical (driver and passenger origin and
destination is the same), ii) inclusive (passenger origin and
destination is on the drivers route), iii) partial (the offered
ride is only part of the passengers trip), and iv) detour (the
driver has to take a detour in order to pick up the passenger).
However, as Furuhata et al. further argue that many existing
ride-sharing services fail to take into account that these ride-
patterns exist and thus, matching drivers as if they are
identical.

A key characteristic of contemporary organized ride-sharing
is the widespread utilization of Internet-based digital
services and platforms that allows ad-hoc planning and
booking of rides [1,15]. With the latest breakthroughs in
digital technology, we are seeing more and more services,
that allows for a more dynamic way of organizing rides with
very short notice or en-route, through common mobile
technologies such as smart phones [1]. Several commercial
examples of ride-sharing applications or services exist. For
example, the services UBERPool [42], LyftCarpool [26] and
BlaBlaCar [2].
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Ride-Matching Optimization

Arguing that effective and efficient technology optimization
is needed for people to adopt ride-sharing, a substantial
amount of research addresses how to improve planning of
ride-sharing from a technical perspective. Here we find
several suggestions for algorithms that attempt to provide
real-time sharing of rides. There have been suggestions for
algorithms and systems where passengers can be matched
with short notice or even en route (e.g., [9,10,43,44,46]). For
example, Zhang et al. [46] present their service coRide,
based on an algorithm which intends to reduce total mileage
and gas consumption by matching passengers en-route and
Cici et al. [9] presents a scalable online ride-sharing system
for short notice booking. Further, Coltlin et al. [10] proposed
a multi-hop heuristics that allows passengers plan transfers
to match several rides in order to cover their full trip.

Ride-Sharing Experiences and Attitudes

Several papers argue that subjective meanings are important
in mobility, e.g. Kaizer [20], or Steg [38], or Ziegler et al.
[47]. As a result, HCI research has also focused on
challenges and opportunities when creating future ride-
sharing services. A number of HCI studies has investigated
how various groups of people use ride-sharing services and
the associated benefits and challenges [14,27,29,30,33,39].

Research shows that ride-sharing especially can benefit
disadvantaged populations such as unemployed people, low
resource people, or people from low socioeconomic status
neighborhoods [13]. As examples, Dillahunt et al. [14]
investigated how people with low income living in
transportation scarce environments could benefit from using
ride-sharing. They found that people with low income
benefited from rich social interaction with drivers and other
passengers. Likewise, Meurer et al. explored ride-sharing
opportunities and obstacles for elderly and found that for this
particular group of people, independence of mobility and
decisional autonomy was considered important [29].

As technology has become an integrated part of ride-sharing
and people use it to support arranging their rides, several
studies have found challenges towards the adoption of it. For
example, several studies indicate that trust in the driver and
fellow passengers are important in the ride-sharing process
but can be obscured through technology (e.g.,
[4,7,11,32,41]). For example, Morse et al. found that users
were reluctant towards carpooling involving unknown
drivers or passengers. They suggest a CarLoop interface that
matches passengers and drivers that lives close together [32].
Other challenges towards ride-sharing that has been
highlighted is sufficient users [24,34], monetary transaction
concerns [13,21], privacy protection [23,40], and safety
[8,41]. As an example, Dillahunt and Malone [13] found that
even though there are social and monetary benefits for the
users, the use of technology to achieve it (e.g., using mobile
phones to pay) make people reluctant due to the fear of
misuse of their personal information.

Even though several challenges exist towards ride-sharing,
some research points in the direction of the opportunity to



overcome them by integrating systems, such as social
platforms, together with ride-sharing (e.g., [4,6,35]). As an
example, Brereton et al. [6] suggests that integrating social
platforms could also have a positive impact on trust between
drivers and passengers along with the ability to support more
agile ride-sharing.

STUDY

HCI studies on ride-sharing have revealed challenges that
make passengers hesitate to ride with others such as trust and
privacy. Despite these challenges, we know that ride-sharing
services are being used by people to support planning of
trips. However, we lack empirical studies that reveal how
passengers are using these existing services to plan their trips
and how it relates to the challenges and opportunities
mentioned in the literature.

We have investigated the activity of planning trips through a
mixed-methods study consisting of three phases. In the first
phase, we participated in 5 rides and informally interviewed
passengers about their experiences and use of ride-sharing
services. In the second phase, we observed and conducted
explorative in-situ interviews with 5 participants centered
around planning a ride. In the last phase, we conducted semi-
structured interviews with 10 passengers where we asked
participants specific questions informed about the prior two
parts.

Phase 1: Ride Participation and Interviews

We initiated our study with participation in five rides to get
a feeling of the planning and booking but also to get an
understanding of the ride itself — both seen from driver and
passenger perspectives. The lead researcher of this paper
participated in these rides.

We booked the rides through two popular services used in
Denmark; GoMore [16] and Facebook. GoMore provides a
fully integrated service [15] that allows users to manage rides
(e.g., searching, different preferences for rides, and ratings)
along with handling payments that are paid up front before a
ride begins. The service is available as a web page and as a
smartphone app (iOS and Android). GoMore charges a
percentage (12,5%) of the passenger price to facilitate the
service. Facebook is a social network with millions of users
and several FB groups deals with ride-sharing and actively
advertises ride opportunities. Facebook as a ride-sharing
service is community driven [15] and organized through
different groups where users post available rides. No ride
management is offered and payment is negotiated
individually, and usually handled after the ride is completed.

The lead researcher of this paper participated in all five rides
where three were organized through the ride-sharing service
GoMore and two rides through Facebook (see Table 1). We
booked rides of one to three hours duration where the ride
would have at least one other passenger (besides the lead
researcher) and one driver. The driver and passengers were
notified of the purpose of our participation beforehand for
ethical reasons, but also practical reasons such as, avoiding
that they would refuse participation. During the rides, the
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researcher engaged in conversation with the other passengers
(and occasionally the driver) about ride-sharing, how they
found this particular ride, how often they would ride-share
etc. The rides and interviews were exploratory by nature and
no specific interview guide was used. Rides were
documented through researcher notes.

D ien  Serviee  CISSSNOSES ey e
R1 1h GoMore F (32) M (39)
R2 2h30m  GoMore F (28), M (32) M (28)
R3 1h30m  Facebook F (30), M (29) M (35)
R4 1h Facebook F (18), F (19), M (27) M (42)
R5 3h GoMore F (24) F (31)

Table 1: Ride participation overview

Phase 2: Ride Planning Sessions

In order to achieve an in-depth and direct understanding of
the ride-sharing planning and booking process, we asked
each of the passengers from the previous ride participation if
it would be possible for us to observe and interview them the
next time they booked a shared ride. Five of them, R1:F(32),
R2:(M32), R3:(F30), R4:(F18), and R4:(F19), agreed to
participate. Each of them contacted us by email a number of
days before they were to book their next shared ride, and we
arranged for us to come and observe this booking. These
observations were held at the homes of the five participants,
and the observations and interviews took between 30 minutes
to 1 hour and were arranged as informal conversational
technology tours [3] for two reasons. Firstly, we wanted the
participants to speak and reflect more openly on how they
planned their trips and thereby also revealing any tacit
knowledge. Secondly, we wanted to be able to get a richer
and concrete understanding of which considerations they had
when planning a shared ride and we observed the actual
planning and booking and asked questions during this
process. We audio recorded the conversations and interviews
and also took notes for later analysis.

Phase 3: Semi-structured Interviews with Passengers
As a final approach to collect data and knowledge about the
planning of ride-sharing, we recruited ten participants (six
females) independent of the two prior parts for elaborating
semi-structured interviews [22]. We selected participants
from the following inclusion criteria: 1) gender, 2) ride
frequency, and 3) occupation. Participants were recruited by
contacting them directly on Facebook groups on ride-sharing
and from GoMore communities. An overview of the
participants can be found in Table 2.

We constructed an interview-guide based on the knowledge
that we gained from the first two interviews of this study.
Because we wanted to investigate ride-sharing in its real-life
context, we based our interview guides on Yins [45] question
forms (how, what, where, why). As an example, we included
questions about “what” services were used, and “how” and
“where” they were used. Additionally, we added questions



about “why” a specific service was used for a purpose. Six
interviews were held at the participants’ homes or at their
workplaces, while the rest of them were conducted through
Skype as a video call [31]. The interviews lasted between 30
minutes and 1.5 hours.

Gender Average Prefen_-red

ID (Age) monthlyrides  S€fVic®  QOccupation
P1 F (27) 2-3 Facebook Sales ass.
P2 F (24) 5 Facebook Student
P3 F (19) 8 Facebook Student
P4 M (30) 1 GoMore Physician
P5 F (26) 1 Facebook Student
P6 F (26) 3 Facebook Designer
P7 F (25) 3 GoMore Student
P8 M (27) 1 GoMore Consultant
P9 M (25) 1 GoMore  Game developer
P10 M (29) 2 GoMore Student

Table 2: Overview of interview participants

Data Collection and Analysis

Data collection during the three phases was done using an
approach where one phase would inform the next. In the first
phase, the participating researcher took notes. The second
and third phase was recorded on audio and documented
through researcher notes. In the three phases, a total of
fourteen hours of audio and several researcher notes was
collected and further transcribed and coded separately for
thematic analysis by two of the authors.

The data from the three phases were transcribed and
processed in a similar manner. Firstly, we familiarized
ourselves with the data by reading the transcriptions several
times and identifying suggestions for codes (e.g., “driver
negotiation”). Secondly, we added specific codes to
interview quotes (e.g., the code “driver negotiation” for this
quote “I usually ask the driver if he can drive me to or close
to my destination”). Thirdly, we created themes using
affinity diagramming [5], where quotes were put on a large
whiteboard and organized into themes over several
iterations. After analyzing the data from the first phase, an
initial set of themes emerged which served as a point of
reference for the second phase. The analysis of the second
phase resulted in a set of six themes (similar to those in our
findings section) describing how ride-sharing services are
part of passenger’s trip planning. Finally, the outcome of the
third phase was a richer understanding, however, it didn't
raise new themes.

FINDINGS

In the following sections, we will describe passengers’
considerations towards planning a ride. We present our
findings in 6 themes: 1) finding rides based on price, time,
and place, ii) ride pick-up and drop-off negotiation, iii) using
public transportation to reduce uncertainty, iv) Ad-hoc
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Handling of the Unforeseen, v) using social media to plan
conversation topics, and vi) driver reliability and privacy.
All date presented have been anonymized. We distinguish
between quotes belonging to the participation in rides and
planning sessions (R) and semi-structured interviews (P). We
further refer to them by index, for example, P1 means the
semi-structured interview with passenger 1. Occasionally,
we refer to the number of participants or observations, for
example, (3/10) refers to three of ten interviews and (2/5)
refers to two of five rides.

Finding Rides Based on Price, Time, and Place

All participants planned shared rides based on preferences on
price, time, and place, and in fact in that particular order of
importance. Most important during the planning of a future
shared ride was the price. Some participants were university
students and inexpensive rides were highly important to them
as argued by one participant "I'm a student and I don't have
a lot of money, so finding an inexpensive ride is important to
me" (P3). Other participants perceived alternative public
transportation (particularly train rides) as unnecessarily
expensive, but also complicated in terms of economical cost
"I never travel by train, I hate it. You can never figure out
how much your trip will cost" (P4).

But planning a shared ride for our participants was a rather
complicated process and involved using different and
sometimes more digital online services. Several of them
(8/10) liked the type of administration free service that
Facebook provided. When booking through Facebook, they
often found that prices would be cheaper, e.g. due to the fact
that no administration fee would be charged as when booking
a ride with GoMore. One participant expressed that even
though the administration fee was negligible (12.5% of the
total price), she would still use Facebook: "I usually choose
a ride on Facebook because it's cheaper due to the extra fee
on GoMore. I know it's not a lot cheaper but the more you
save the more you earn” (P3). Others didn't express a clear
preference, and they did not mind the administration fee on
GoMore, as it provided them with extra benefits such as
advanced search functionality that would make them find a
specific ride faster: “Facebook might be cheaper at first
glance. However, it might be easier to find a ride on
GoMore, because the service saves me time and you know,
time is money” (P6).

During our participation in the ride planning sessions, we
observed an interesting degree of internalization of price
knowledge. We found two approaches to judging fair prices.
Firstly, we found an element of routine price judgment. A
few participants (4/10) had an expertise from frequent ride-
sharing and had over time learned the prices of familiar rides
and they would use this knowledge in the planning process
and in the selection of a ride. Several times, we had to ask
them to clarify, why they exactly chose one ride over the
other. This was clearer with the regular users of the ride-
sharing services: “I know roughly, usually within US 81, how
much the price of the ride will cost, I've learned that on
GoMore, so if I see an overly expensive ride in either service



I'm not going to take that” (P2). Secondly, we found an
approach where participants would compare prices across
services every time (6/10). For most, comparing price was
interesting and finding the cheapest price was a game.
However, in one case (P6) we found that difference in trips
would impact price judgement. P6 compared prices every
time she planned a ride because she would often take rides to

different parts of the country: “I don't travel to a lot of

different places and therefore it makes sense to me to
compare prices on both ride-sharing and public
transportation. For example, if I'm going to somewhere far
away, it might be cheaper to take ride-sharing, but if I'm just
going to the airport, with available public transportation it's
sometimes cheaper to take the bus. However, you never
know, because it'll also depend on the time of the day and the
number of people traveling” (P6).

Price was not the only factor when planning a shared ride and
choosing a particular ride. Unsurprisingly, it was quite clear
that finding rides that fitted with their point of origin and
their destination was crucial: “Planning a ride is always
connected with some effort because I have to compare each
individual ride to my actual start and end point” (P10). As a
consequence, we found that price was being perceived in
different ways. For example, while everyone could talk about
price as money, some of our participants also mentioned that
the time and place for a ride also would have an impact on
the total cost of the trip, especially when considering further
transportation. Most participants (7/10) said that leveraging
time and place against price was an important consideration
to them for the total cost of their trip: "Time and place is
definitely important to me, if I can see that I can get closer
to my destination on a ride that's a little more expensive, I’ll
choose it, that's a no-brainer, then I don’t have to use public
transportation for getting there" (P2).

Occasionally our participants were unable to find a suitable
candidate for a shared trip, e.g. because it was too expensive
or no trips for a particular destination, and to compensate for
missing rides on one service, we found that participants
would combine more services. But perhaps more significant,
participants did not see the individual online services as
distinct, because rides would occasionally be shared across
several services. Interestingly, we noticed that one of our
participants as a deliberate strategy, would combine the
services and use the search functionality on GoMore to find
aride and then book it through Facebook avoiding the fee: "/
don't see it as two services. I combine them. I check for a ride
on GoMore because it has better search functionality. Then
1 go book it on Facebook if it is available there also" (P7).
However, we found that occasionally participants would be
forced to compromise on the price, time or place of the ride
if none were available: "Sometimes a cheap ride just isn't
available on a particular service, that sucks, then I have the
choice of waiting for the right one to come up or to choose a
more expensive, I usually end up taking the latter, but I don’t

like it" (P4).
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Ride Pick-Up and Drop-Off Negotiation

Surprisingly, some participants (7/10) was using the ride-
sharing services to negotiate with drivers about taking
detours. As the ride-sharing services would sometimes lack
available rides in certain areas (e.g., rural areas or suburbs).
We found two strategies for coping with this which involved
drivers to take detours; passenger ride requests and ride-
negotiations.

As the first approach, we found that in contrast to drivers
posting available rides online, for our participants, a strategy
was to take the initiative and use the community features of
Facebook to request rides. One participant explained: "If no
rides can be found, you can also put in a request for a ride
on Facebook, like 'Hi, I'm seeking a ride for Aarhus on
Friday, can anyone pick me up at a specific place'.
Sometimes it works but you cannot count on it." (P4). This
strategy would sometimes have a positive effect and drivers
would contact them with available rides.

A second approach was to negotiate pick-up and drop-off
locations with drivers when a ride was booked. Even though
we did not see it during the observations, interestingly, in the
interviews, we found that as another strategy to get around
the lack of rides, some participants would actively try to
negotiate with the driver to take a detour after booking a ride:
"Usually you cannot get to the suburbs of a city or to rural
areas unless you're extremely lucky. However, sometimes
you can negotiate it with the driver” (P8) and "I usually ask
the driver if he can drive me to or close to my destination.
I'm paying for it, why shouldn’t I try to make it a little easier
for myself” (P1).

To support negotiating with the driver, participants (6/10)
explained that they preferred to use Facebook rather than
GoMore for negotiating detours. To them, Facebook was
perceived as an easier service to convince the driver to drop
off or pick up participants at certain locations due to its
messaging system. One participant had experiences trying to
negotiate through GoMore:

“Sometimes I use the Facebook messaging system to
negotiate with drivers about where I can get dropped off; 1
think it is way easier and faster than GoMore. I have tried
writing to a driver on GoMore once about another drop-off
point, but I never received an answer. When I got in the car
with him, he told me that he didn’t want to drop me off there.
That was a complete waste of time. (P10)

Interestingly, some of the negotiating participants (3/10)
avoided GoMore for negotiating the ride even though the
service implements a messaging system. We found that it
was perceived as being less attractive because it was
perceived as a stricter or more official service: "I don'’t
negotiate with the driver through GoMore, it is not because
you cannot do it, it has a messenger system, but I don't know
if they are recording the conversation or anything, then I
prefer Facebook, just writing them or sending an SMS" (P4).



It wasn't all participants who wanted to negotiate detours
(3/10). Even though some of the participants would use
Facebook for negotiating about drop off-points we also
found that three of our interviewed participants perceived
negotiating as a violation against traditional ride-sharing
practices: "I don’t feel comfortable asking the driver to drive
me somewhere, it's his car and after all he is doing me a
favor of providing me a ride" (P9). However, all of the
interviewed participants had experienced the driver asking
them during the ride if they wanted to be dropped off
somewhere specific which was perceived as alright, for
instance: “I have been asked several times about if [ wanted
to be driven home. The drivers are usually really sweet, but
it depends on the situation and the number of passengers. It
is really nice if it is night time to be dropped off somewhere
safe rather than walking or taking the bus” (P2). We also
experienced being asked if we wanted to get dropped off by
two of the drivers in the rides that we participated in.

Using Public Transportation to Reduce Uncertainty

To most participants (9/10), a ride was only covered a partial
amount of their trip and was sometimes connected with some
uncertainty. During the ride participations, we asked
passengers where they were heading. In all ride
participations, we were heading to the same town, however
with different destinations. We asked how they would get
there when they were dropped off. Some were picked up by
relatives, some walked, but the majority would use public
transportation to continue their trip. This also seemed to
agree with our following interviews and almost all
participants (9/10) agreed that unless they could get a detour,
they would normally use public transportation as a mean to
cover the last distance of their trip. We noticed that planning
the full trip (both ride and additional transportation) was a
task, that required taking into account different services, ride
options and preferences:

“Planning a ride is always connected with some effort,
because I have to compare my preferences to the different
ride opportunities” (P10)

"It can be difficult to plan a ride. So yeah, you have to
compare the different transportation services. You have to

leverage the different rides to your own preferences and if

the ride doesn’t cover the full ride you also have to find a bus
or another ride without waiting ages" (R4)

Some participants (6/10) expressed that planning a full trip
was connected with some uncertainty because of the
availability of rides. However, this wasn't concerned with
one-way rides, but rather return rides that couldn't be booked
because there weren't any available: “Normally I take a ride
with the same driver (to work), then I know that I can return
home. However, sometimes when going on a longer trip I
have to wait with booking a return ride because rides are
usually not available before at the last minute” (P3). While
some would wait and book at the last minute (2/10), others
preferred to have a plan (4/10), handled this by using public
transportation services to complement the ride-sharing when
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booking the complete trip instead of only one way:
“Sometimes, while I'm booking a GoMore ride, I book a bus
home right away through the public transportation portal,
because then I don’t have to go through the hassle of finding
a last-minute ride later” (P4).

In contrast to longer trips, we found shorter common trips
such as commuting was easier to plan. One participant used
ride-sharing for commuting every week (P3), she said that
she used the same driver and that was easy to plan because
work is usually within a fixed time frame (e.g., 8 hours a
day). However, in some cases we found some shorter trips
were still a problem, especially when the time frame was
unknown. We found that participants would be reluctant
towards planning a ride in the last minute because they were
uncertain if rides were available: "Normally on shorter trips
1 can book a ride home right away, but it depends on the
purpose of the trip. For example, if I'm going to a concert
that I don't know when will end, it's difficult to plan a ride
beforehand. Then I'll just take a bus with frequent
departures. 1 don't want to book a ride in the last minute
because you never know if something is available in your
area" (P7).

To solve this uncertainty one participant argued that ride-
sharing services should have a proactive recommendation
service:

“Last week we visited this small theatre just outside of town.
We ended up taking a bus back home because we didn’t want
to go through the overhead of booking a ride. It annoys me
because I could see a lot of cars outside the theatre and 1
thought to myself, my smartphone can remind me to do things
and know where I am and what I am up to through Googles
services. Why can’t GoMore then match me up with a driver
automatically. I mean, I can’t be that hard to figure out that
I’'m about to go home” (P9).

Ad-hoc Handling of the Unforeseen

All participants (10/10) preferred to plan a trip beforehand,
however, we also found that some planning was better
handled ad-hoc as ride-sharing sometimes had unforeseen
elements. Most planning could and was preferred to be done
beforehand (e.g., booking a ride, choosing public
transportation): "I'm the kind of person that needs to know
exactly how I will get there. It just makes me feel more
relaxed” (P5). However, we also found that ad-hoc
arrangements had to be considered, especially because ride-
sharing isn't scheduled like with public transportation (e.g.,
no scheduled arrival times). This meant that if participants
needed to take a bus when their ride was over, finding an
exact departure time was done ad-hoc (i.e., finding departure
times) by using their mobile phones:

“I always plan my trip from home, and I know which bus to
take when I arrive. However, I can’t decide on a specific
departure because you never know how long the ride will be.
For example, you can be stuck in a traffic jam or the driver
needs to go to a gas station. Therefore, I always plan a time-



buffer and check public transportation services as the last
thing before I get out of the car” (P8)

We found that participants had different devices to support
them using the ride-sharing or public transportation services.
We observed that passengers would often bring their mobile
phone on the rides and we could see that some of them
browsed available rides for their way home, while others
would use their computer for booking rides, likewise some
would use different apps for checking available rides or
public transportation. Using different devices for planning a
ride was more a matter of context to users. For example, to
gain an overview and comparing different ride options
participants would often use their laptop: “I booked on the
computer. I'm very conscious about it because I think it gives
a better overview on a browser with more tabs open when
you need to compare public transportation to GoMore and
perhaps also Google Maps” (R3). On the other hand,
smartphones were often used in an ad-hoc manner for last
minute bookings outside or when in need of a ride:

“Often, I end up using the mobile phone (the GoMore
application) to know how to get home while I'm on the way
to my destination or for last minute bookings when public
transportation isn’t an option. The app is more convenient
for me, it doesn’t give me the same overview and I cannot
compare prices as easily, but normally I am just interested
in finding a further ride quickly” (P2)

Using Social Media to Plan Conversation Topics

All participants liked to engage in conversation during the
rides and some (6/10) tried to support this by planning
conversation topics beforehand. In the rides we participated
in, we found it interesting that most of the people in the car
were engaged in conversation and it seemed like they had
spent time prior to the ride finding new topics to talk about.
We followed up on these observations in the following
interviews and most interviewed participants agreed that
having a conversation in the car was more pleasant than
silence: "I think conversation is important when you ride-
share, it makes the whole situation of you getting into a
stranger’s car a little more pleasant" (P4). While GoMore
gave passengers the opportunity to choose a silent ride,
people not talking or working was perceived as unnatural and
more appropriate on a bus or train where there was a more
natural atmosphere:

“I have experienced that people get into the car and put on
their headphones which effectively excludes them from all
conversation. If it was me, I would just take public
transportation. That is just not natural to me. You wouldn’t
get into your friends’ car and do that. You have the option to
select it on GoMore and that’s fine, then I can use it to avoid
it” (P6).

While participants agreed that conversation in the car felt
natural, we also found that conversations could become
shallow: "It's mostly questions such as 'where are you
heading?' or 'what do you do for a living?', you know, the
same questions, sometimes they can be a little shallow" (R4).
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To support conversation, some of our fellow passengers
admitted that they sometimes used the information available
on Facebook as conversation starters. This was also the case
for the participants that we interviewed:

“I've experienced several times, that people use social

platforms to find conversation starters before they
participate in a ride, for instance, this one time during a ride,
a girl that had prepared questions from looking me up on
Facebook. She asked me about my job as a furniture designer
before I had told her about it, which was made the
conversation more interesting”’ (P6)

Complementing ride-sharing services could benefit both
passengers and drivers. In some cases, drivers had a hard
time knowing which passengers to pick up and vice versa
because pick-ups would often happen in crowded places. We
found the solution to be quite simple. Passengers would
cluster before a pick-up and sometimes drivers would have
some prior knowledge about the passengers and how they
looked. In our ride participation, we experienced that fellow
passengers would approach us before a ride and know our
identity. We found that this information was obtained on
Facebook as an addition to what GoMore could provide them
with:  “I sometimes experience that other passengers
approach me while waiting on a lift. They have checked out
my profile picture on Facebook even though I have booked
through GoMore. That is sort of nice because [ feel that by
clustering we are doing the driver a favor” (P7). In a similar
manner, some drivers would check out how the passengers
looked so they would know who to pick up: “Sometimes the
drivers have checked out our pictures on Facebook because
the one on GoMore isn’t really useful. It's practical, then he
doesn’t have to drive around public places looking for
strangers” (P6). We also found this to be true through our
observations even though we didn’t interview any drivers.
We noted that in two of the rides that we participated in the
drivers had information such as how we looked and our
occupancy.

Driver Reliability and Privacy

We found that most (8/10) of the participants had trust issues
towards drivers which were materialized as concerns about
reliability and privacy. In the interviews, the participants
initially expressed that they had no challenges towards
trusting both drivers and passengers: "I have no problem with
riding with strangers, I assume they are here for the same
reason as I am” (P2). However, our observations indicated
that they would use some time looking at driver profiles and
ratings. When confronted with these observations our
participants were able to articulate the reason for them and
interestingly, it turned out that our participants had learned
to use the ride-sharing services as a mean to help them make
this choice: “I actually end up using a lot of time looking at
driver profiles matching the different options. It creates a

feeling of trust. Things like number of passengers in the car

and ratings of the driver is important to me” (P6).



One thing we found very important to our participants was
that they wanted to have a prior knowledge about who the
driver and the car before choosing a ride. This was to ensure
that the driver could be trusted (e.g., if the driver was actually
the person on the profile pictures). Several of them
mentioned that this was especially important to them because
they had prior negative experiences. We found that both
Facebook and GoMore was used for gaining knowledge
about the driver. We found that GoMore seemed to be the
preferred service for choosing a ride with respect to the
driver and car. GoMore would be used to get information
about driver ratings, car type and the number of additional
passengers, which was important to our participants
especially if they needed to book a long ride. To one
participant, booking a ride in a large car was especially
important, because she had experienced several times that
the car would be filled with people: "I need to know the car
type and the number of other passengers. I've been in a small,
filled car several times, that's fine if you are going on short
trips, however, I frequently go on longer rides and a fully
booked car is just not comfortable enough and there's no
room for luggage" (P5).

Even though ride-sharing was considered as a mean for
social interaction to many of our participants we found that
there were certain data or information that was perceived
private. Somewhat more interested in keeping the
arrangements of fixed destination because they wanted to
keep some privacy. However, it seemed that this was mainly
a matter of judging the situation and the driver’s intentions:
“Some time ago I was riding with this male driver. After he
dropped off the other passengers he started asking me all of
these creepy questions. When he asked me where I wanted to
be dropped off I just found a place. I didn’t want him to know
where I lived. He even texted me afterwards, but it is easy to
decline someone over the phone, it's more real if they know
where you live” (P7).

To our participants, there was a clear distinction between
driver information on Facebook and GoMore. We found that
verifying the driver was real could be a challenge on
Facebook: “You only know the driver from his profile
picture(s). You don't know which car he drives in. You don’t
have the extra security that the GoMore service offers you”
(P9). GoMore, on the other hand, had detailed information
such as driver reviews, car, and passenger information.
Interestingly we found that some participants (7/10) were
using multiple services together to complement each other.
For example, sometimes rides offered on Gomore were
shared on Facebook. One participant said that when she
found a ride on Facebook, checking it would always involve
checking GoMore: “I very much like the fact that you can
see information about people on GoMore., You can find their
profile. It gives me a sense of safety. I can see that they are
‘real’ people and I can kind of see who they are by looking
at their Facebook pictures” (P6).

We found that options or statistics such as driver reviews,
type of car, number of passengers was considered when
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choosing a ride. For instance, if the driver looked suspicious,
picking a ride that had more than one passenger would make
them feel safer: “This is going to sound discriminating, but
besides looking at ratings I usually look at a person’s profile
picture. If there are no other passengers and if the guy looks
creepy, he’s out!” (P1). To some of the participants (7/10)
the choice of a reliable driver was important. We found that
they had actually tried to book a ride through Facebook and
then have the driver cancel at the last minute. It turned out
that Facebook was perceived less reliable when choosing a
ride because of the lack of information about driver statistics
and information about the car. Especially the lack of ratings
on Facebook was experienced as a problem: “You don’t have
the same security on Facebook that you have on GoMore,
because they don 't offer any ratings. So, in the end, you don’t
know if the driver will actually show up” (P1).

DISCUSSION

Our study indicated many of the same challenges found in
the literature (e.g., price [14] and trust [32]). However, we
didn't see any particular signs of reluctance for engaging in
ride-sharing. A significant finding towards this, was the fact
that participants wasn't confined to single services or
devices, but used many of them interchangeable or to
complement each other, which indicate a interesting synergy.
We believe that the findings from our study constitute a
contribution to HCI. However, in extension, we will in the
following sub-sections outline considerations that might
inform and inspire further HCI research on ride-sharing.

Facilitating Detour and Partial Rides

Our findings indicated that ride-sharing services had support
for planning rides. However, our observations and interviews
also indicated that a ride often cannot be seen in isolation.
For all participants, identical ride-sharing was the most
uncommon type of ride-sharing. Instead we found two other
types of ride-sharing; partial (the passenger must arrange
additional transportation before or/and after the ride) and
detour (the driver has to take a detour to pick up the
passenger). As a consequence, we found an additional
complexity where the participants used resources to support
plan their full ride. For example, some used resources on
finding additional transportation or by negotiating with
drivers. This is also backed up by Furuhata et al. [15] who
argues that most services today only support identical ride-
sharing.

Previous work on ride-sharing has had a strong focus on the
creation of new and more efficient systems. An obvious
question is which type of ride-sharing service is better in
supporting the users. We argue that both services that we
studied have their values. Facebook groups were valuable for
informal ride-sharing with no fees and for negotiating with
drivers. In contrast, GoMore more advanced search features
supports quickly finding rides that matches passenger
preferences such as driver and car type, which was perceived
as contributing to a greater feeling of trust. In the case of both
services, we also found drawbacks and reasons to not using
them. However, even though there are arguments for and



against each system, the real value to our participants could
be found in the combination of them to support the activity
of planning. It seems like supporting the users in different
types of ride-sharing can be a valuable addition to most
services and further, to get more people to ride-share.

Supporting Passenger Trust and Privacy

Research on technology use in ride-sharing have found that
the passenger’s trust becomes an issue when they don't know
the driver or passengers beforehand (e.g., [14,40]). We also
found that our participants were reluctant to give too much
information about themselves while participating in rides,
but on the other hand, they liked to have some prior
knowledge about the other passengers and drivers. In a study
by Tahmasseby et al. [40] where they implemented and
studied a carpooling service, they found reluctance to
participate in ride-sharing from drivers that didn't want to
share too much information about themselves to find
passengers. Interestingly, we found the opposite thing,
passengers did not want to share information about
themselves with drivers which compared to our findings
seems like a paradox. However, research have suggested that
the use of social media could overcome this barrier and
ensure trust amongst ride-sharers [4]. We partially agree as
we found that social media alone wasn't enough to ensure
trust (e.g., is the driver profile fake). We therefore suggest
that social media could be used to complement existing ride-
sharing services with driver verification.

As we found, our participants often had concerns about the
reliability of the ride-sharing services, such as availability of
rides and if drivers would show up. Reliability of ride-
sharing and ensuring that rides are available is also indicated
as an issue in a number of papers (e.g., [1,15]). However,
even though at first glance, this might seem as a challenge
related to the users of the services (e.g., that there are not
enough drivers), we found that our participants solved these
issues by looking at the availability of rides across services
(not only ride-sharing but also public transportation).
Further, our findings indicated that it wasn't just providers of
rides that could announce rides, but passengers could
actively request rides or negotiate with drivers. Considering
this, is seems that reliable ride-sharing could be considered
in a larger context where planning a ride relies on passenger
initiatives along with the use of several different types of
services, complementing each other.

Interaction with Multiple Services

Studies have indicated a positive impact of combining
multiple services in ride-sharing (e.g. social platforms [4,6]).
Our study similarly indicated that social platforms such as
Facebook can complement dedicated ride-sharing services
and vice versa. However, our study also revealed that
booking a ride was seen by participants as rather complex
because it involved interaction with multiple different
services and different contexts. For example, some used
several services (e.g. ride-sharing, social platforms, and
public transportation) to complement each other for cost
matching and others moved between the service and device
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that fitted a particular context best, such as the laptop running
at home for better overview and a smart phone while on the
road. We believe that multi-device interaction is an
important opportunity for the propagation of ride-sharing
services and should be approached with the focus on users
and contexts rather than specific applications, which is also
discussed by Dearman and Pierce [12]. Moreover, we believe
that such interactions can be approached from a designers’
perspective by, for example, exploring different possibilities
for interaction with an outset in the literature multi-device
interaction literature.

Multi-device interaction in HCI is an area that has seen a lot
of interest in recent years. For example, Lucero et al. [25]
show how multiple mobile phones can be used in
collaboration, and Nielsen et al. [33] shows how the screens
of smart phones and tablets can be stitched together to make
up a larger screen. We think that such examples can be used
to explore new interaction possibilities. We have also seen
suggestions for frameworks that explains different types of
multi-device interaction. Such research can provide an
opportunity to systematically explore how different types of
multi-device interaction can support ride-sharing (e.g.
[19,36]). For example, the “4C framework™ [37] that
illustrates 4 types of interaction with multiple devices. Using
the 4C framework to explain our work, we have already seen
examples of continuous interaction (where users move from
one system or device to another). However, more
importantly, we can also use the framework in future
research to explain and explore new opportunities such as
complementary or collaborative interaction. In a ride-sharing
context, it becomes especially relevant when we do not only
consider ride-sharing services but also the integration with
public transportation services distributed over several
services, devices, and contexts.

CONCLUSIONS

In this paper, we presented an empirical study of 19
passengers of ride-sharing and their use of ride-sharing
services to plan their trips. Through analysis of a mixed-
methods study with 5 ride participations, 5 planning
observations and 10 semi-structured interviews we identified
six themes that describe how ride-sharing passengers are
planning their trips and which preferences they have for a
specific ride. Our findings describe how our participants
didn't only use individual services to plan their rides.
Surprisingly, they planned their rides across a number of
ride-sharing services which enabled them to handle some of
the challenges they had in planning their rides such as finding
aride with the right price and with a trusted driver. To inspire
further research in HCI with ride-sharing, we have discussed
our findings under three headings of facilitating detour and
partial rides, supporting passenger trust and privacy, and
interaction with multiple services. We have discussed the
implications of our findings and suggested that HCI research
consider multi-device interaction as an important addition to
ride-sharing services.



While we believe that our study provides insights into how
passengers use ride-sharing platforms, we also acknowledge
that driver experiences would be valuable to provide
different perspectives on topics such as multi-device
interaction. We therefore suggest further work investigating
these dynamics, for example, how drivers and passengers
engage in collaborative ride-sharing.
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6.5 Investigating the Use of an Online Peer-to-Peer Car S
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Abstract. Online peer-to-peer car sharing services are increasingly being used for
enabling people to share cars between them. However, our body of knowledge about
peer-to-peer car sharing is still limited in terms of understanding actual use and which
opportunities and challenges present for those who use them. In this paper, we
investigate peer-to-peer car sharing between car-owners and car-borrowers as
facilitated by the Australian car sharing service Car Next Door. We conducted a study
with 6 car-owners and 10 car-borrowers. Our findings, outlined in four themes,
suggest that P2P car sharing fuels different goals for both borrowers and owners. While
it is complementing traditional means of transportation car sharing is also in itself a
mean of mobility, for example, for recreational purposes. Further, the sharing service
plays a central role in supporting the users to make it more convenient to share cars,
for example, by letting borrowers find and book cars instantly reducing resources
needed to borrow a car. We further discuss our findings and relate it to existing
literature providing opportunities and challenges for future research and design on car
sharing in HCL.
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Abstract. Online peer-to-peer car sharing services are increasingly being used
for enabling people to share cars between them. However, our body of
knowledge about peer-to-peer car sharing is still limited in terms of under-
standing actual use and which opportunities and challenges present for those
who use them. In this paper, we investigate peer-to-peer car sharing between
car-owners and car-borrowers as facilitated by the Australian car sharing service
Car Next Door. We conducted a study with 6 car-owners and 10 car-borrowers.
Our findings, outlined in four themes, suggest that P2P car sharing fuels dif-
ferent goals for both borrowers and owners. While it is complementing tradi-
tional means of transportation car sharing is also in itself a mean of mobility, for
example, for recreational purposes. Further, the sharing service plays a central
role in supporting the users to make it more convenient to share cars, for
example, by letting borrowers find and book cars instantly reducing resources
needed to borrow a car. We further discuss our findings and relate it to existing
literature providing opportunities and challenges for future research and design
on car sharing in HCL

Keywords: Car sharing - Sharing economy - Mobility

1 Introduction

Car sharing services enable new and promising ways for car-owners to share their cars
with drivers who do not own one [21]. At the individual level car sharing offers the car-
owners an opportunity to make money on their car and car-borrowers can get a car at a
cheaper price than owning one. On a societal level car sharing offer to reduce the
number of privately owned cars on the road [21, 34, 43]. Car sharing, which is a part of
the sharing economy, has in the recent decade become increasingly popular [1].
Observers argue that this development is largely a result of the mediation or digital-
ization of sharing marketplaces [4, 20, 24, 39].

In HCI research, the sharing economy has sparked an interest in recent years [12].
A number of mobility-related studies focus on applications such as sharing rides and
carpooling, modes of transportation where people can ride together (e.g., [11, 33, 46]).
These studies highlight important aspects such as motivational factors towards making
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people participate in the sharing economy but also challenges such as the lack of trust
in fellow sharers (e.g., [12, 36, 45]). Within HCI, car sharing has received little
attention. Although areas such as social sciences have provided valuable insights into
the use of car sharing, such as highlighting differences between owning and sharing
cars (e.g., [9, 15, 32]), we still lack HCI insights into how emerging services are
actually used.

Inspired by similar studies on other sharing economy platforms such as ride-sharing
and accommodation, in this paper, we extend previous work in HCI on the sharing
economy with an empirical understanding of a specific type of car sharing where cars
are shared between car-owners and car-borrowers (P2P car sharing). As such, we
investigate how and why people share cars, in which situations they share it, how they
reflect on their own mobility, and what role the sharing services have. The research
presented in this paper is based on a qualitative study with 6 car-owners and 10 car-
borrowers that use the Australian peer-to-peer car sharing service Car Next Door [8].
Our findings, presented in four themes, suggest that car sharing services provide
opportunities for both borrowers and owners of cars. On one hand, specific charac-
teristics of these systems provide important support to create efficiency for example by
reducing time spent when booking cars. As a result, car sharing is seen as a viable
option to many other means of transportation and not just for shorter trips. On the other
hand, our findings also suggest challenges exist such as the feeling of alienation for
borrowers and owners when face-to-face communication is reduced. This led to a
decrease in trust and as a consequence, coping strategies were used such as leaving
personal objects to make borrowers take better care of the cars. Finally, we discuss our
findings and implications that our findings have for future HCI research and design on
car sharing and how it scales up in sharing economy in general.

2 Related Work

Although the sharing economy in general has gained an increased interest in the HCI
community in the last 5 years [12], there is still a lack of research on car sharing. In the
following two sections, we firstly unfold sharing economy in HCI, and secondly give
an overview of the literature on car sharing.

2.1 The Sharing Economy

The sharing economy (with common synonyms such as collaborative consumption [4]
and peer economy [3]) that focus on access to goods rather than ownership is becoming
an increasingly larger part of our daily lives with an estimated global revenue of
approximately 18.6 billion dollars in 2017 [38]. Sharing economy can potentially
address the problem of finite resources or shared commons also described by [22] and
[5]. Although sharing is not a new concept, observers tend to agree that recent
development is largely a result of the mediation of the traditional sharing marketplaces
to reach a wider population [4, 24]. As the sharing economy has evolved it now
includes many different markets a definition has become a matter of interpretation and
is not only restricted to sharing between people. As pointed out by Huurne et al. [24],
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the sharing economy today remains an umbrella term because it does not refer to a
specific market but to different ones which include B2B, B2C and, P2P.

2.2 The Sharing Economy in HCI Research

An increasing amount of research in HCI involving sharing economy that focuses on
the digitalization of marketplaces used for sharing. Towards this end, HCI studies focus
on finding reasons for the participation in sharing like motivational factors such as
sustainability concerns [30, 37], belief in the commons [11, 37], and social relation-
ships between participants [11, 33, 46]. On the other hand, some HCI studies raise
concerns and report on issues such as privacy and the lack of trust between strangers
online (e.g., [10, 11, 30, 46]). Towards this end, some studies also report on challenges
such as discrimination and exclusion (e.g., [10, 25, 33]).

A number of studies focus on existing applications within the sharing economy.
Dillahunt and Malone [10] studied how sharing economy applications (e.g., Lyft,
Airbnb, and TaskRabbit) can benefit unemployed or financially constrained people.
They found a large potential in the disadvantaged communities, although digital lit-
eracy, privacy and security were seen as major concerns [10]. A number of papers
investigate more specific applications in sharing economy. Towards this end, several
papers exist on ride-sharing and car-pooling (e.g., [7, 11, 18, 33, 46]). Towards this
end, Svangren et al. [46], provides empirical understandings of ride-sharing through
GoMore and Facebook. They find that searching for and booking rides can be a
complex task that involves leveraging several preferences and combining transportation
options. A number of papers also exist on accommodation (e.g., [25, 26, 30, 36]). As an
example, Qiu et al. [36] studied the role of how reviews impact trust in Airbnb and find
that people’s accommodation choices are highly subjective to information such as user
reviews.

2.3 Car Sharing

Many years of HCI research have provided insightful knowledge about different
aspects of the car, however surprisingly, car sharing in HCI, has received little atten-
tion. In this section, we will include literature from other areas to illustrate important
findings on car sharing.

Car Sharing Overview. Car sharing refers to the concept of sharing cars between
groups of people. In the literature, the term “car sharing” is often mistakenly used to
describe a number of other sharing concepts [14]. However, in car sharing, it is the car
itself is shared and is therefore different from other sharing schemes like ride-sharing or
carpooling where it is a ride that is shared [14]. The first historical examples of car
sharing describe informal and unorganized groups, typically in small communities such
as between friends and family [35]. According to Shaheen et al. [43], one of the first
attempts of a more organized form of car sharing was a small scale initiative started in
Switzerland in 1948, by individuals that could not afford to purchase a car. Organized
car sharing has evolved since then, especially since the introduction of the internet,
which has sparked many different digital cars sharing services that today serves more
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than 7 million users worldwide [1]. Car sharing can seem similar to other businesses
like car renting, however, although similarities exist, there are differences such as car
sharing typically grants access to cars independent of the time of the day (e.g., users
does not rely on office hours to get the keys) [43].

Car sharing as a concept is broad and covers several types of businesses [40], for
example, while peer-to-peer (P2P) businesses facilitates sharing between car-owners
and car-borrowers (e.g., the company Car Next Door [8]) other businesses fall into the
category of business-to-consumer (B2C) where car-borrowers are borrowing cars
directly from companies (e.g., the companies GoGet [19] or Zipcar [48]). Opportunities
and challenges exist for each business. The P2P business potentially allows for a much
greater spatial distribution of cars which potentially is anywhere car-owners live [42].
However, because people own the cars, they must also be returned to their original
location after they have been borrowed, a model usually referred to as the traditional or
round-trip car sharing which does not always fit into the travel patterns of the borrowers
[27]. The B2C business relies on companies managing cars, however, to do this, the
cars are often confined to fixed parking spaces or hubs spread across the city. The B2C
business allows for different car sharing models such as free-floating car sharing where
cars can be returned to any available spot owned by the car-sharing company [16]. The
free-floating model has been adopted by several car sharing companies, however,
although it is considered more flexible for borrowers it presents more organization
overhead for the facilitating company, such as keeping track of cars [2, 31].

Car Sharing. Much of the existing research on car sharing focus on the ways it
confronts the use of the private car [28]. Investigating the viability and usage of car
sharing Duncan [15] finds that sharing cars requires a conscious decision and is often
planned in advance. Further, the decision to car share depends on how the fixed cost of
ownership is leveraged against the variable cost of sharing and because of this shared
cars are used more consciously, for example, instead of a second car for the household
[43]. Studies also reveal that car sharing is only part of an ecosystem of transportation
options used by sharers. Small-distance trips that are not mundane are often in favor
when choosing car sharing over other options [9, 32]. Motivation towards car sharing
has also drawn interest. On one hand, instrumental or practical reasons such as saving
money weigh heavily on the choice to car share rather than owning a car [15, 34].
However, on the other hand, some studies show that people who car share are also
focused on more intrinsic reasons such as environmental consciousness and value
initiatives such as carbon offsetting [9]. Most of the studies conducted focus on B2C
car sharing with fewer studies specifically focusing on P2P car sharing. However, while
the B2C car sharing has potentials such as cost reduction and efficiency, P2P has other
qualities. Conducting expert interviews with experts on P2P car sharing, Shaheen et al.
[42] found that besides monetary and environmental motivation to engage in car
sharing, providing others with mobility was seen as important to P2P sharers and face-
to-face communication in P2P car sharing was seen as important to create trust amongst
participants. Studies also find that P2P car sharing has the potential to support wider car
accessibility over traditional car sharing [21, 41, 42] and further improve intercon-
nectivity between other modes of transportation [41].
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Research within the computing literature tends to focus on more technical aspects of
car sharing. For example, suggestions to improve access control systems [13] or
demand modelling [23] for free floating car sharing. However, although car sharing is
represented in the computing literature, there is still a lack of HCI studies on car sharing
focusing on real-world applications and use of systems which have already been
investigated in a number of other contexts within sharing economy (e.g., ride sharing
and accommodation).

3 Empirical Study

Although research in many areas has focused on different aspects of car sharing, there
is still a lack of HCI research that studies actual applications and provide insights about
actual use. Responding to this gap, we have investigated digital car sharing services
through a study of people using the service Car Next Door. In this section, we first
describe the context of Car Next Door. Secondly, we describe our study method
consisting of a three-step approach (gathering initial experiences, conducting inter-
views and walk through, and participant observations). Lastly, we describe data inte-
gration and analysis.

3.1 Study Context

Extending previous work on the sharing economy, in this paper, we present a study of
how people from Brisbane, Australia use the P2P sharing service Car Next Door
(CND) [8], and how they experience sharing cars. CND was chosen based on their
status as one of the few P2P car sharing services in Australia and at the same time have
a significant number of users and rentals.

CND is represented in many of the larger cities in Australia, although still a young
company with a five-year-old history. The service started in Sydney in 2013, with 20
cars and 60 borrowers. In 2014, they expanded and included Melbourne and in 2017
Brisbane. By 2018 they count over 60.000 members, 1550 cars, and 2000 trips weekly
across Australia. CND offers their service through an application for desktop and on
smartphone on the mobile platforms I0S and Android. CND facilitates sharing
between car-owners and car-borrowers. Cars are spread across town often near the
owner’s addresses. CND uses a traditional car sharing model where cars need to be
returned to the place where they were picked up.

In addition to rational incentives such as offering low borrowing fees and a guar-
anteed income for owners, CND also promotes themselves on more intrinsic values.
For example, they provide a social aspect as they are facilitators of car sharing between
people (P2P), and they provide a sustainable aspect as they are investing in carbon
emission offsetting through reforestation projects throughout Australia. CND has made
a number of choices regarding their platform and includes technological features for
both car-owners and car-borrowers. For example, they make sharing more convenient
by providing instant bookings that requiring less time to get a car. Every car contains a
lockbox for key handover, a GPS for tracking, a toll tag for automatic toll handling, and
a fuel card.
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When borrowing out cars, the service does not require interaction from an owner
such as accepting bookings as these are automatically accepted. Further key handover
is handled via the lockbox which is usually attached to the door of the car. As an extra
security measure, the owner can follow the car’s location through the app, however,
only if the car is returned late. For borrowers, the CND platform offers transparency
regarding user ratings and vehicle type, that is, the borrowed car and its ratings will be
exactly the same as the one described when they book the car. In addition to regular car
borrowing, CND also offers instant borrowing of cars which makes it possible to get a
car with short notice. At the pick-up time, the car can be located through the CND
mobile application where the GPS module provides an exact location of the car. When
the borrower picks up a car, the car keys can be acquired by entering a provided pin
code from the mobile application into the lockbox without face-to-face communication.
Before and after the trip, borrowers are asked to take pictures of the car using the CND
mobile app to document damages made before and after borrowing the car.

3.2 Study Method

In this section, we describe our study approach consisting of three methods. Firstly, we
gathered initial experiences. Secondly, we conducted interviews and walk-throughs
with car-owners and finally, we observed and conducted interviews with car-borrowers.

Gathering Initial Experiences. Initially, we conducted an exploratory investigation
with the purpose of creating interview guides for owners and borrowers for later
interviews. The first author booked and borrowed three cars through the CND mobile
app. Different makes and types of cars located in different places in Brisbane were
selected. For the first booking we borrowed a small size Holden Barina located in the
center of the city, the second was a mid-size Toyota Camry located in the suburbs,
whereas in the last booking we borrowed a large size Mitsubishi Outlander also located
in the suburbs. We borrowed the cars for different periods of time. We borrowed the
first car for two hours to go grocery shopping, the second car for a day to go to the
nearby mountains, and the last car for a five-day period to go on a road trip. The
experiences were documented in researcher notes and images. Most of the documen-
tation was created at the time of the booking, pick-up, and drop-off point as most
interaction occurs at this time. The first author shared his knowledge and notes with the
remaining authors which lead to the creation of two interview guides used for semi-
structured interviews [29] with owners and borrowers. Interview guides were based on
Yins [47] four question forms (how, what, where, why).

Owner Interviews and Recalling Bookings. We explored car sharing from an
owner’s perspective by conducting semi-structured interviews with 6 owners. Through
cooperation with CND we had access to their user email list that contained all users in
and in the near vicinity of Brisbane, Australia. We deployed a questionnaire to all
owners in the area asking if they were willing to participate in interviews. For sampling
purposes, the questionnaire included questions about age, gender, address, number of
cars in the household, number of cars on CND, and the number of times their car(s) had
been borrowed out in the last three months. The questionnaire resulted in 7 candidates
that were sampled based on an even distribution between questionnaire questions.
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Candidates was emailed asking to participate of which 6 participants replied and were
recruited. The six owners were between 26 and 69 years of age (M = 44.3) and equally
distributed between male and females. Three owners lived alone, and three lived in
families consisting of three, four, and six members. Four lived in houses and two in
apartments. Owners had borrowed out their car between three and thirty times in the
last three months and had been members of CND between four and fourteen months.
Three had an additional car and three only had one car. To get a more in-depth
understanding of the booking process from the owners’ perspective, before the inter-
views, we instructed them to write down a short description of their specific actions and
thoughts when receiving a booking such as checking out borrower information,
rescheduling bookings, and checking payments. The owners were then instructed to
bring these descriptions with them to the interviews. If no bookings were received
before the interviews, we asked them to recall the last booking that they received.
Interviews lasted between 45 min and 1 h and were recorded on audio. In addition,
researcher notes were also taken. This resulted in a total of 4,5 h of audio and 8 pages
of researcher notes.

Borrower Interviews and Observation. We explored borrower’s perspectives by
conducting semi-structured interviews with 10 borrowers. With an email list supplied
by CND, we recruited borrowers through a questionnaire deployed to all borrowers in
and in the near vicinity of Brisbane, Australia. The questionnaire was targeted bor-
rowers who had borrowed a car at least once. For sampling purposes, we included
questions about the number of cars borrowed in the last three months, if they owned
another vehicle, and how many times a month they drove a car. The questionnaire
yielded 21 answers from borrowers of which we selected 10 participants based on a
distribution from questionnaire questions. The recruited borrowers (five female) were
between 22 and 59 years of age (M = 40), and all lived in urban areas (e.g., city centers
and suburbs). They had borrowed a car between one and six times within the last three
months and had been a member of the CND service between five and eighteen months.
Seven borrowers lived alone, three lived with their partner or families. Six borrowers
were living in houses and four in apartments.

We asked the borrowers to give a short description of their last booking. We
instructed them to give a short description of actions and thoughts such as looking up
car and owner information, important booking criteria and reasons for borrowing. We
further asked borrowers to bring their mobile phone for the interviews so that they
could show us examples of how they booked a car. Owner interviews lasted between
45 min and 1,5 h and were recorded on audio and in addition researcher notes were
taken. This resulted in 10.5 h of audio recorded and 20 pages of researcher notes.

3.3 Data Integration and Analysis

A total of 15 h of audio and 28 pages of researcher notes was transcribed, anonymized
and coded separately for thematic analysis [6] by two of the authors. Firstly, we
familiarized ourselves with the data by reading the transcriptions several times and
specifically looking for use of the sharing services. We then identified suggestions for
codes (e.g., “convenience”). Secondly, we generated codes to interview quotes (e.g.,
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the code “mundane car sharing” for the quote “Often I just borrow the same car down
at the corner, I know all its quirks and I know the price. Besides I'm just getting the
groceries and there’s a limit towards how much time I'm willing to put into it”).
Thirdly, we generated and reviewed themes using affinity diagramming, where quotes
were put on a bulletin board and reorganized into themes over several iterations. As a
final result of this, a set of four themes emerged.

4 Findings

We found that the car sharing service investigated in this paper (CND) was a significant
contributor towards car sharing for both owners and borrowers of cars in a number of
ways. In the following sections, we outline our findings in four themes describing
opportunities and challenges associated using P2P car sharing. The four themes are;
Fueling Individual Motivation, Supporting Daily Mobility, Facilitating Car Sharing
Purposes, and Socializing P2P Car Sharing Services.

All data presented have been anonymized. We distinguish between owners (O) and
borrowers (B) and refer to each participant by an index like O1 as owner one and BS as
borrower five. Occasionally we refer to the number of participants behind a finding, for
example, (8/10) is eight out of ten borrowers and (4/6) is four out of six owners.

4.1 Fueling Individual Motivation

To some participants, rational motivation such as earning money of their assets was a
motivation for car sharing, and to others. To others, ideological motivation such as
reducing their carbon footprint was in focus. In the following sections, we describe the
individual goals achieved through the platform for both borrowers and owners.

Utilizing Unused Assets and Environmental Awareness. For most owners (5/6) the
primary motivation for car sharing was bound in rational motivation such as utilizing
unused cars, while one owner’s primary motivation was more intrinsic as he felt like he
was helping others. All six of them had at least one car that they used rarely and many
of them found that sharing this car through CND would justify their owner-
ship. Although owners were annoyed with own an unused asset, the car was generally
perceived as necessary because of flexible mobility needs where alternative (public)
transportation means didn’t always suffice. As such, several of the owners (5/6) were
initially attracted to having an extra income from using CND. Some of them (3/6) had
considered alternative solutions like selling their car, however the perceived extra value
of owning a car along with the possibility of losing money kept them from doing
selling it, for example, one owner mentioned that after having purchased a new car,
altered personal living arrangements made the car less needed and used, as he argued
this way:
“I moved here recently from Sydney. And so, because I live and work in the city my car is

basically in my carport just carrying rust. And because it is quite new, I was looking at different
options because I didn’t want to lose money by selling it” (03)
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Most owners (5/6) also articulated a strong environmental awareness and car
sharing made them reflect upon their own behavior and driving needs, for example one
owner that had started cycling instead of taking the car every day: “I mean now that 1
don’t use my car I have started to cycle again, which has made me less depressed
about the world and the problems that cars impose on the environment” (04). Seven
of the ten borrowers also mentioned environmental concerns was something that
motivated them to car share. Further, almost all borrowers (9/10) mentioned, like some
of the owners, that they felt more comfortable giving money to a company that they
perceive as being facilitators of relationships amongst people, which they perceived
CND to be, and not just in it for the business:

“It’s partly price, and partly ethos. I would much rather borrow from a company that I trust is
not just taking my money, and that is very good at one thing and is based on a relationship with
people versus a bigger company that is a business of sharing or renting cars” (B4)

Convenience and Helping Others. Mentioned by both owners and borrowers were
the convenience that CND handled issues that otherwise would add complexity to car
sharing (e.g., finding cars, insurance, communication, and payment). Convenience was
a major motivational factor for the borrowers in relation to car sharing. All ten bor-
rowers articulated that they could not completely live their lives without the use of cars,
because alternative transportation forms such as buses or bikes could only satisfy some
of their needs. Many of them (7/10) lived in the inner city with limited needs for daily
car transportation. Here they had access to many public transportation options and bike
lanes, and as a result, these seven borrowers did not own a car. The three remaining
borrowers were living outside the inner city, however, still near their workplaces and
did therefore not need a car on a daily basis. However, sometimes a car was needed for
going out of the city or driving a long distances where other transportation types were
insufficient. All ten borrowers found car renting using CND convenient as an easy
alternative to get a car when they needed one especially because of cars being dis-
tributed across town, for example:

“... opposed to rental companies where you have to go to a place to pick up the car and do a lot
of paperwork ... with this service, in less than 5 min, I can in most cases, find a car, book it,
and pick it up” (B3)

Community building was also found important for both owners and borrowers
when using car sharing, and many of them felt that they, in fact, helped others from
their community when either renting or renting out a car. In fact, one of the primary
reasons for using a peer-to-peer car sharing service like CND was that sharing was
between people rather than companies owning the cars. Owners stressed a personal
feeling associated with the sentiment of helping those in need, i.e. people without a car.
For example, 02, who were the one with the most borrowing of his car, explained that
he started to car share to help others: “I think that a lot of people is in a financial
position where they can’t afford a car and we are in a position where we can supply
one, that just makes me feel good” (02). Complementing this perspective, five bor-
rowers mentioned that contributing to a community and the feeling of helping other
people were reasons why they sometimes maintained borrowing a car:
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“In my own imagination, I felt good about the fact that I'm contributing, that’s why I keep doing
it, I think. I know that he or she might be an oversee student and probably have the need for her
car at the weekend, but it helped me feel good about myself. 1 felt in that case that I was helping
this person because they were going to get some of my dollars” (B6)

4.2 Supporting Daily Mobility

Both borrowers and owners expressed the need to use many different modes of
mobility to support their daily trips and that it required some degree of flexibility in
order to be able to car share. The following sections we describe the reasons for
choosing car sharing and some of the requirements for being a car sharer.

Transportation Types. We found that borrowers had a number of transportation types
that they mentioned as being available to them and that they had to consider actively
when going on a trip. Often public transportation, biking, or walking would fulfill their
commuting needs for going to work or on smaller trips. However, these transportation
forms were also perceived as impractical when carrying physical items like groceries.
In such situations, the borrowers would consider renting or borrowing a car. As an
alternative, some participants (5/10) mentioned that they had used taxi and ridesharing
services. Although these services were perceived as convenient - the car would come to
them and not vice versa — the borrowers also stressed that this depended on the specific
trip, for example, it wasn’t very well suitable for transporting larger or more personal
pieces of goods:

“It’s a choice depending on the trip. Sometimes I take a taxi or an Uber if I'm in a hurry and

just have to go and see my friends in town. I don’t think it’s very suitable if you want to go
shopping or want to just move some stuff. It’s really only suitable for one-way stuff. For
example, I don’t want to be stuck outside the store, waiting for a cab. Then it’s much more
convenient to get a car” (B10)

Public transportation and taxi services were not seen as a viable alternative for trips
like freighting larger goods, driving long distances, or going doing something
extraordinary. For such purpose borrowers would, therefore, prefer to rent or borrow a
car. In contrast to car sharing, car renting was seen as an expensive alternative even
though some participants would use it from time to time. Most borrowers agreed that
car sharing in some case were more practical over rentals because of price and dis-
tribution of cars instead of having to go to an office. Alternatively, if borrowers needed
to borrow a car and it was beyond walking distance some borrowers (4/10) articulated
that they would combine different transportation types which also meant planning and
comparing them separately on each individual service:

“Sometimes, if you really want a specific car and you need to travel a bit to get it you need to

find other means of transportation to get it. One time I had to take a train and then a bus to get
a car, it was quite tedious because I had to compare departure times manually on each service.
That would have been easier if CND would provide me an overview of the different trans-
portation options instead” (B1)

Flexible Car Ownership. Occasionally owners would need to use their own car which
they all believed required a degree of flexibility. Some (3/6) would book their own car
and block out times on the service well in advance, while others wouldn’t block out
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times unless it was absolutely necessary as they wanted to get as many bookings as
possible. Most owners (5/6) had previously experienced unavailability of their own car
in a situation where they actually needed to use the car. In those situations, they were
forced to arrange other transportation forms. Interestingly, in relation to this, car
sharing actually triggered self-reflection towards own transportation needs. Several of
them (4/6) commuted to work using public transportation, a bike, or walking. Many
owners said that before they began to share their car, they had often taken the car to
work because it was seen as easier or as a subconscious choice than having to deal with
alternative transportation. Joining CND however made them reflect on their actual
needs:

“Car sharing requires a degree of flexibility, that’s just embedded into it. There have been a few
times where we have let the car be rented and haven’t thought about it, it’s not until a few days
before that we think oops, weve got this on and we need two cars, but then I just use a taxi, or
we can just work around it. It’s good because it makes you think about your options” (03)

Also sharing in the household was seen as requiring flexibility which was not
always shared. Some owners (3/6) expressed that they were more interested in sharing
their car than the rest of their household and were motivated by different things.
Owners living with a spouse and children expressed that the other family members
often didn’t share their enthusiasm about car sharing The reason was that even though
the rest of the household thought that sharing was a good idea, they were less interested
in being flexible partly because of the requirement to find another mean of trans-
portation if their car was unavailable: “We have four cars and we could easily make do
with only two, but my wife and I are very different in terms of sharing and flexibility.
She wants a car she can access and drive all the time, whereas I am much more
inclined to work it out, but CND doesn’t help you with it” (02).

4.3 Facilitating Car Sharing Purposes

We found that borrowers used car sharing for many different purposes which can be
categorized as ad-hoc and planned car sharing. In the following sections describe the
specific purposes that car sharing is used for and how it is facilitated by CND.

Ad-Hoc Car Sharing. Borrowers typically rented cars for mundane purposes to
support typical day-to-day transportation needs, e.g., grocery shopping. We saw a clear
preference for getting a cheaper, and also older car, for these purposes. Such trips could
often only be planned ad-hoc and were last-minute bookings. None of these borrowers
exclusively used car sharing for mundane purpose, however, choosing car sharing over
alternative transportation options was mostly associated with convenience and what is
right for the moment: “Now and again I find the kids want to go and do something and
it’s a little bit of a stretch on the bike and the city is not well set up for cycling, and
there are some roads that 1 won't take the kids to ... it’s just sometimes easier to
borrow a car” (B6). Ad-hoc planning and easy access to cars were important in such
situations, and in case no nearby cars were available, they would often consider other
transportation options or means:

“I got called into the hospital one day at 2:30 am, no public transport. I checked Uber, but
there were no Ubers around, so it would be like 30 min. We had patients and I had to get there
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very quickly. I checked Car Next Door and the car that I normally take was available for the
couple of hours that I needed it and I booked it and within seven minutes I had a car and was on
my way to work. I work with humans, they will always come first, and just having that nearby
made a huge difference in my ability to provide care. I came back and dropped the car off and 1
just walked home. It was brilliant” (B5)

Interestingly, we found that borrowing cars for mundane purposes and smaller trips
would often result in borrowers attempting to rent a previously rented car. Several
borrowers (5/10) reported that they had borrowed the same car near to them several
times to save them the time of finding a new one: “Often I just borrow the same car
down at the corner, I know all its quirks and I know the price. Besides I'm just getting
the groceries and there’s a limit towards how much time I'm willing to put into it”
(B10). We found that reasons such as it was close by, were important for choosing car
sharing over other transportation options. However, also important was familiarity with
the car such as its location and its condition, in particular when going for a quick or
short ride. To support these trips, we found that instant bookings were appreciated and
perceived as necessary by the borrowers.

Planned Car Sharing. While mundane mobility needs were prevailing, borrowers
would occasionally rent cars for extraordinary or special experiences, like renting an
exclusive car, going on holidays, or on weekend trips outside the city. Our interviews
revealed that many of these trips were for longer periods of time which indicate more
use of car sharing than borrowers using it primarily for day-to-day trips. Opposed day-
to-day trips, these were often planned well ahead and borrowers would often use the car
sharing service to browse cars because they liked the experience. Several borrowers
(5/10) mentioned that they used car sharing as a way to achieve extraordinary driving
experiences by borrowing a more exclusive car than their own or a car that could
impress others. Interestingly, we found that especially transparency in the service,
where borrowers could see exactly which car they would get, the associated expenses,
and the location was perceived as important for choosing car sharing:

“Yeah, because on CND you always can see which car model you will get, whereas all the
usual car companies will just say this or similar, so you never really know what you will get
most of the time” (B6).

Compared to day-to-day car sharing, borrowers were willing to put more resources
into getting a car for a longer trip and would accept higher prices or going further to
pick it up: “I mean realistically if someone had one of those for hire (a Smart con-
vertible) I would probably go an hour to pick it up. And even if, I don’t know, $250 a
day of something” (B6). Several borrowers (6/10) mentioned that they had or thought
about borrowing a nicer car just for fun and for showing off for friends or family. We
found no preference for car age, as this mode was mostly associated with getting
experiences, which could be from an older car as well as a new one. For example, B1
mentioned that she had arranged to borrow an older convertible with her sons and
going for a trip along the coast. Experiencing cars could also be associated with easing
into car ownership. We found that two of the borrowers (B2, B10) knew that they had
to buy a car in the future and therefore was trying out car models to see which one they
liked the most.
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4.4 Socializing P2P Car Sharing Services

Both borrowers and owners expressed that they were engaged in car sharing and were
considering it actively in their daily lives. For example, to borrowers, the ability to
access a car instantly was important and for owners the ability to not have too much
interaction to borrow out their cars were important. However, the choice from CND to
reduce this overhead from users also resulted in challenges

Efficiency vs. Interacting with People. One reason for many borrowers and owners
using CND was the reduced overhead of not having to think about bookings, who
borrows the car, who borrowed it out, the handling of practical things as payment were
mentioned as a contributor towards using a service. All participants agreed that these
things were best handled through the service and many participants mentioned that the
complexity of handling these issues was too much for them if they were to handle it
themselves, and thus, outsourcing this complexity to the service made car sharing a
viable option for them in their otherwise busy lives: “I think the service is really
important, because without that I would worry too much, for example, about who
borrows my car and if he will damage it its simply too complex, with the CND I know
there’s insurance so there’s no risk in it for me, so in a way you could say that I’ve
outsourced that part” (03). We found that many owners believed that too much
management would simply exclude some borrowers because they would worry them
too much and start looking up borrowers on the internet. For example, one owner
mentioned that getting to know the person who borrows their car would simply start too
many thoughts and be too complex for him and he, therefore, relied on CND to take
care of it:

“My mind is so analytical and if I had to manage every booking myself then I'm going to think
about what will happen if this person crashes my car and this and that. I don’t have time for
that. So, in a way, I'm outsourcing the job to Car Next Door” (03).

Most borrowers (7/10) shared the same opinion as owners. Part of them wanting to
keep communication to a minimum with the owner was to avoid the feeling of guilt and
owner’s reactions, for example if they called about car damage: “The service is critical,
I wouldn’t have started with borrowing if I didn’t know that CND has my back if
something happened. I always call them if there is a problem. Imagine calling the
owner and telling him that his car is broken. I would avoid that conversation because
it’s probably not going to be very pleasant” (B4). Interestingly, and quite opposite, not
all borrowers thought this way. To them (3/10) not having any communication between
owners and borrowers was expressed as alienating and that the only connection
between them was the car and as expressed as somewhat odd because usually them
wanting to put a face on the one they were borrowing from and not only a profile
picture from the app:

“In a way, I would like more interaction with the people that I'm borrowing from. I have some
information about the person, I can find that the app and that is fine, but it is a little bit
alienating. For example, there is this one woman that I'm borrowing from quite a lot, but I have
no connection with the person except via the car, I find that a little odd because I would like to
thank her personally” (B6)
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Cars as Personal Items. To several borrowers (8/10) a borrowed car was a personal
item, important to the people owning them, and therefore they took extra good care of it
compared to rentals:

“It’s interesting you know, I never take particularly good care of rentals, but I always take
extra good care of the cars that I borrow. The fact that it belongs to people makes me want to
take extra good care of it I suppose” (BT)

Interestingly some owners (3/6) tried to facilitate this as they believed that they
needed not only to provide a car but also provide a good experience to borrowers
especially due to the lack of face-to-face communication. Towards the owners had
started to personalize the experience by leaving small items of personal value in the car
to make borrowers feel a little more at home and to make them feel less like a stranger
in someone else’s car. This was seen as a less resource demanding action however still
adding to the borrowing experience. For example, O1 who often left candy and her CD
collection in the car and OS, who often left a personal note and mints from her to the
borrower in the car. Further, personalizing the car was seen as a mechanism to prevent
damage:

“I always leave a little note and some mints in the car and just say, you know, that I hope that
they enjoy our car and have a great trip or whatever. Although CND offers me some security by
offering me insurance for damage, I don’t want the hassle of sorting that out after it’s hap-
pened. They are borrowing something that is a value to our family and if you can humanize that
experience for them you might catch it before by them taking a little bit better care of your car”

(05).

Borrowing a car containing a few personal items were a positive experience and
that a car feels more personal if it contains the owner’s items which could lead to
affection towards the vehicle. For example, borrower mentioned that his son was so
familiar with a particular car both because they had borrowed it several times and
because it contained some personal items familiar to him that he had given it a name:
“Weve borrowed the same car a couple of times, and you know what, my son gave it
the name Bob, because previously we had this car named Bob, and the new one
reminded him of it because we had some of the same items in the car. So, in a way, you
could say it became a part of the family which also made us take better care of it” (B4).

5 Discussion

Our study highlights several interesting aspects of P2P car sharing enabled through the
digital service Car Next Door. For example, individual motivation and synergies
between car sharing and alternative transportation forms can be highlighted as
important.

Adding to these finding, in the following sections, we discuss considerations that
we hope may inform and inspire further HCI research and design on car sharing.
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5.1 Beyond Individual Modes of Transportation

In itself, car sharing provided transportation for many of our participants in their
everyday lives. However, there were also a plethora of situations where car sharing was
not perceived as being practical, for example, travelling the inner city to go to work.
Car sharing has the potential to improve interconnectivity between other modes of
transportation [41] however, a clear challenge is to know how and when to combine it
sequentially with other transportation in order to do so. With regards to this, we think it
is important to consider car sharing as part of a larger transportation ecology used by
people. Ecologies are also suggested by studies of other areas of transportation
available in a larger ecology where users combine the different options to fit their needs
(e.g., [9, 32, 46]). Therefore, when complementing other mobility types car sharing fits
into the daily lives of users and not the other way around. We argue to study car sharing
as part of an ecology further, for example by drawing on inspiration from the literature
describing fundamental interactions in ecologies (e.g., [44]).

One way of designing transportation ecologies could be letting them make an
informed choice from a number of transportation types (e.g., bus, train, and car sharing)
and letting them know when it is opportune to choose car sharing over other types.
Further, going beyond choosing one specific transportation type is the opportunity for
continuous [44] transportation where users can combine different types of mobility to
form a larger trip. The opportunity to not only integrate other transportation types, but
also other modes of car sharing services. We must remember that car sharing, and
especially the type of car sharing we investigate in this paper (round-trip P2P), only
provides one of many alternatives for users. For example, although our participants had
said that they didn’t use any other sharing services, it wasn’t an active choice and they
were definitely open towards open for other types like one-way ride sharing. We argue
that research and design along these lines could be beneficial for the sharing services to
support mobility.

5.2 Supporting Ad-Hoc and Planned Car Sharing

Our insight provides a dimension towards P2P car sharing, that is, ad-hoc trips which
can’t be planned in advance and further for purposes like getting groceries or com-
muting to work. This is different from many studies that suggest that borrowing cars are
associated with smaller trips planned in advance (e.g., [9, 15, 32]), Interestingly, this
describes a new and different dimension than what the literature provides. Ironically
this can seem counterintuitive, that borrowers can borrow a car from an owner with
little planning ahead. We argue that finding can largely be ascribed to the choices made
by CND to make their platform more effective by reducing the amount of coordination
between parties involved in sharing a car. Features increasing efficiency, such as instant
booking, not having to interact with an owner to get the keys, and the large distribution
of cars around town, which the CND platform supports, is closely related to the
purpose of getting a car ad-hoc. However, although we think that designers should
consider these mechanisms if aiming to support ad-hoc P2P car sharing, we see a need
for further research to understand its potential.
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Another insight from our findings is that car sharing often is associated with
booking a car for a short period of time (e.g., [21, 42]). However, our findings also
suggest evidence for car sharing being used for longer trips, that are mostly related to
experiences or recreation. Interestingly, efficiency and planning become less important
for borrowers of cars for these types of purposes. Based on our findings, it seems like
supporting getting a car for experience or recreation requires an amount of transparency
where a borrower can browse cars and get exactly the one wanted. Further, the
experience of browsing through a number of options matching many and diverse cars
available through a P2P platform is equally a part of the experience which reflects in
our participants’ willingness to travel a further distance or pay more to get the car.
Besides this seemingly unique aspect of the design of P2P car sharing over other
service schemes, we argue that this also presents researchers with an opportunity to
inquire such uniqueness of P2P services, one that potentially could be a challenge for
other services (e.g., B2C) where a more uniform car park could be preferred.

5.3 Coping Strategies and Social Car Sharing Services

What happens to trust when face-to-face communication is removed from a service?
We found that borrowers took particularly good care of the cars they borrowed, mainly
because of the feeling that it was a personal item to another person. This was facilitated
by some owners that placed small personal items in the car to ensure a more personal
experience and thus making the borrower take better care of the car. This is interesting
from a trust perspective as it seems that traditional coping strategies (e.g., insurance) is
not quite enough as owners still recognizing that damages happen and wanting to avoid
the whole scenario of having to deal with the insurance. Trust between people is
especially important and is one of the pillars in the sharing economy [4]. Trust is
especially important in car sharing, where the shared object is of high personal value to
many people. Shaheen et al., amongst other mechanisms for ensuring trust in P2P car
sharing and finds that face-to-face communication is perceived as increasing trust and
helping borrowers not damage cars [41]. Towards this end, CND does not provide the
feature of face-to-face communication and we do think that they were quite happy
about this choice as it saved them time. However, this also meant that some owners
employed their own coping strategy to ensure that their car would not get damaged.
Alternative coping strategies towards ensuring trust that the P2P services does not
provide needs further exploration as it could give inspiration for future designs.

Car sharing can be seen as a way of utilizing existing resources which might fuel
motivational desires as a contrast to acquiring new resources. This also goes well in
line with the idea of utilizing the commons [5, 22]. One aspect is peoples’ individual
goals that in our findings both revealed rational (e.g., earning an additional income) and
intrinsic (helping others and socializing) motivation. Rational and intrinsic motivation
has been investigated before in P2P car sharing. As such, Shaheen et al. [42] reports on
borrowers and owners motivation and finds that earning money and convenience as a
key motivational factor and further, although less important, helping others gain access
to a vehicle. Although acknowledging this finding, interestingly, we also found that for
some participants this relationship was flipped around by showing helping others as a
key motivation. We think that this relationship highly reflects and can be attributed the
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nature of P2P sharing which seemingly is one reason why our participants chose CND
as a service along with the fact that P2P car sharing was believed to be creating
relations between people and was thus seen as “less evil” than other car sharing types.
Our results indicate that while some aspects of optimizing a service are valued as a
mean to actually share, other more intrinsic motivational aspects such as maintaining
relationships between people. The aspect of social services can be an interesting
dimension for designers and researchers to explore for reaching people that thinks that
social values are also important. We think that car sharing is ideal to provide a clear and
lucid setting [17] for such investigations, although it might scale up in all aspects of the
sharing economy.

6 Conclusions

This paper has presented a study on the use of P2P car sharing services. Through a
study with 6 owners and 10 borrowers using the service Car Next Door, we identified 4
themes that describe different aspects of car sharing. Our findings reveal that P2P car
sharing is convenient for many participants by allowing them to utilize unused assets
and helping each other out. The service explored is used for different purposes sup-
porting ad-hoc and planned trips which allow users to complement existing trans-
portation options at hand. Lastly, it was seen as convenient that Car Next Door
provides an efficient way to car share by allowing instant bookings and getting the keys
without interacting with an owner. However, the lack of face-to-face communication
was in some cases perceived as alienating along with reducing trust in the people
borrowing although coping strategies were identified.

To inspire HCI future research and design of sharing services we discussed three
themes to serve as an inspiration to researchers and designers of car sharing services.
Firstly, we have discussed that car sharing is part of an ecology of transportation
options and how this perspective can be used in the design of new services. Secondly,
we discuss how ad-hoc and planned car sharing can be supported and considering the
uniqueness of the P2P systems. Thirdly, we argue that P2P services are social car
sharing services where alternative coping strategies are developed to handle trust when
face-to-face communication lacks.

Our study has some limitations. Firstly, we have only recruited participants living
in cities that were already using Car Next Door. We acknowledge that other partici-
pants could have been interesting in our study, for example, those who had deselected
the service or potential users such as disadvantaged populations. Secondly, we have
chosen a peer-to-peer service, however, we do acknowledge that other services exist
different from the one we studied. Thirdly, car use and opinions vary depending on
location, and so, carrying out a similar study in a different location, such as in another
country, could yield different results. Finally, our results provide qualitative insights
which are not generalizable across a wider population. As such, we acknowledge that
other methods are required to provide statistical generalizability.

Acknowledgements. We would like to extend our gratitude to the employees from Car Next
Door who shared their knowledge about their service and car sharing in general.
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