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Abstract
Electric Vehicles (EVs) are rapidly gaining popularity, but with the transition from
Internal Combustion Engine Vehicles (ICEVs) to EVs comes a learning curve for new
users. Through internal surveys, Volvo has discovered a dissatisfaction amongst
some of their users when it comes to the range of their EVs. Range in EVs is
influenced by both driver behaviour and external factors. Volvo’s existing Range
Assistant interface is designed to help users understand and optimise their energy
consumption, and potentially alleviating range anxiety. However, some users find
the interface difficult to interpret, leading to frustration and confusion.

This project therefore aims to identify potential knowledge gaps amongst EV users
regarding range estimation and energy consumption. Using a user-centred design
approach, questionnaires and usability tests were conducted iteratively to explore
user needs and challenges. Based on the findings from the iterations, a list of 10
design recommendations to improve range assistance interfaces has been established.
These recommendations cover aspects such as information visualisation, feedback,
and coaching, offering guidance for enhancing user trust and understanding in EV
range estimation interfaces.

Keywords: EV, range, Range Assistant, energy-efficient driving, UX, design recom-
mendations.
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1
Introduction & Background

The scope of this project is to better understand Electric Vehicle (EV) users knowl-
edge gaps of how different contexts and driving behaviours impact the estimated
range, and how this might affect the use and planning when driving EVs. Addition-
ally, this project aims to provide a set of recommendations and a prototype concept
that increases EV users’ understanding of range, to fulfil their needs and increase
their trust in EV range estimations.

1.1 Context
EVs are getting more popular and the sales are increasing [2], [3], largely because
of the better greenhouse effects they have on the environment [4], [5] compared to
a traditional Internal Combustion Engine Vehicle (ICEV). Even though sales are
going up, there is a worry that it might not be fast enough to meet climate targets
[4] in reducing global emissions. We should therefore encourage the transition from
ICEVs to EVs in hopes to achieve the climate goals.

Aside from the differences in environmental impact, ICEVs and EVs are different
when it comes to driving range - as in the distance that can be travelled on a full
battery charge versus a full tank. One of the most common concerns when tran-
sitioning from a ICEV to an EV is the shorter range available [4], [5]. To help
customers, Volvo provides a range calculator (called Range Lab) on their website
[6] which provides information about the range for their car models. The calculator
provides explanations detailing how some common factors, such as outdoor tempera-
ture, might affect the range, see Figure 1.1. To be able to produce these calculations
Volvo is performing internal range tests similar to a test called World Harmonised
Light Vehicle Test Procedure (WLTP), which nowadays is the global standard for
testing vehicles [7]. A WLTP-test is used to determine the consumption and emis-
sions of both EVs and ICEVs. A WLTP-test cycle is a series of starts, accelerations,
and stops carried out in a controlled environment [7], [8]. The test cycle is carried
out in 23 degrees Celsius [7] and runs over 30 minutes [8].

1.2 Volvo Cars
Volvo Cars is a branch of Volvo, a car company from Gothenburg. Volvo Cars
produced their first car, called ÖV4, in 1927 [9]. According to Volvo, their mission

1



1. Introduction & Background

Figure 1.1: Volvo Cars’ Range Lab found on Volvo’s website [6]

is to make life easier, better and safer for everyone. For example, it was in 1959 that
the Volvo engineer Nils Bohlin introduced the three-point belt. Volvo decided not
to claim the lone rights to use the belt, making a groundbreaking step in safety for
all. It is said that over one million lives have been saved with the three-point belt
[9], befitting their motto of:

“For life. We want to provide you with the freedom to move in a personal,
sustainable and safe way.” [10]

Volvo released their first production ready fully electric vehicle in 2019 and has the
ambition to become a fully electric company by year 2040 [10]. Today, six models
are available to the public, EX90, ES90, EM90, EX40, EX30, and EC40, and more
are on the way. Volvo cars can be found all around the world and are sold in more
than 100 countries.

1.3 Electric Vehicles (EVs)
The general idea for any car is to convert one kind of energy into another; stored
energy gets converted into kinetic energy. The difference between an ICEV and
an EV is the way and the kind of energy the motor converts. An ICEV uses a
gas or a liquid, for example petrol, which goes through a chemical reaction inside
the engine to create heat. The heat expands the gases which makes parts of the
engine move, which in turn makes the wheels turn. An EV uses electrochemical
energy stored in a battery (usually a lithium-ion battery) and sends the energy to

2



1. Introduction & Background

an electric engine which turns the wheels. Since no combustion is taking place in
the electric engine, an EV has no obvious emissions [11] and is therefore perceived
better for the environment.

1.4 Range
Range is an indicator on how far an EV can travel on a full battery charge. The
range is shown in numbers of distance, and is the information available to users
on for example Volvo’s range calculator, see Figure 1.1. For drivers, however, it is
usually the estimated range that is more important during a drive. The estimated
range is an estimation of distance that the EV is able to travel on the remaining
battery, shown as distance (for example kilometres). The estimated range is some-
times confused with the battery charge, however, the battery charge is shown as a
percentage number called State of Charge (SoC), similar to how phone batteries are
shown today. Worth to note is that different car brands have different formulas to
calculate range based on different lengths of historic consumption data for example.

The formula to calculate the estimated range can therefore roughly been explained
as follows: [8]

range =
usable battery energy

energy consumption from the battery per distance travelled
(1.1)

1.4.1 Range Anxiety
Range anxiety can be described as a fear of running out of electricity for the battery
before being able to reach an available charging station when driving [12]. This is a
phenomenon associated with drivers’ perception of the available driving range. With
EVs being the future of the automobile industry in terms of reducing the greenhouse
gas emissions [13], there are still some technical challenges like range, charging cost,
and range anxiety that have affected the perception of EVs negatively [14].

1.5 Goals and Challenges
Switching to an EV requires time to adapt, and there is a learning curve for getting
used to the EV [15]. There are new routines for how to plan the day-to-day driving
and charging, especially when going on a longer trip [16]. For new users, it is
important to understand what affects the energy consumption, thus also the range
available, and the range prediction shown in the In-Vehicle Information Systems
(IVIS). Volvo’s EVs have a Range Optimiser (R.O.) in an in-car app called Range
Assistant (R.A.) [17] (see Figure 1.2) which, when activated, optimises the range in
the car by limiting some settings. The R.A. shows the estimated range, consumption,
and three elements affecting range: speed, driving style, and (in-car) climate. During
the drive, these parameters will update according to the current status of the car and
driver behaviour, since the driving styles are different on e.g. highways compared
to in the city.

3



1. Introduction & Background

Figure 1.2: Range Assistant app in a Volvo car [18] with the Compact Modular
Architecture (CMA)-platform

Through internal surveys, Volvo has discovered a dissatisfaction amongst some of
their users when it comes to the range of their EVs. The range is sometimes perceived
to change without providing a satisfactory explanation to the user. According to
some users, although the R.A. provides the driver with real time data, they still
struggle with understanding the information given to them.

With the existing problems in mind, the goal with this project is to better understand
EV users knowledge gap of how different contexts and driving behaviours impact
the estimated EV range, and how this might affect their use and charging needs of
their EVs. This study also aims to provide a recommendation list and a prototype
concept of an improved interface that increases EV users understanding that fulfils
their needs and trust in the range estimation. From this we present the following
research question:

1.5.1 Research Question

What are some of the features that could be improved in the range in-
terfaces on the in-vehicle information systems to better help the driver
understand and trust in the range estimation?

4



1. Introduction & Background

1.6 Delimitations & Expected Contributions
The delimitation factors of this project will include research design, time frame,
population size, and recruitment of participants. As the project is a collaboration
between students at Chalmers and Volvo as a company, a set delimitation is that the
recruitment of participants will be from Volvo EV users only. One of the study’s aims
is to improve the existing interface which is available to the students, therefore the
project will be limited to improving Volvo’s EV interface. However, the requirements
and recommendations for future designs of such interfaces will be applicable outside
of Volvo’s EVs as well. As there is already extensive research regarding safety with
IVIS as well as the general difference and transition between ICEVs and EVs, it was
decided to not focus on road safety and safe driving, but rather use the available
research in the pre-analysis to support the project. Additionally, given the time
constraints of this project, conducting a full literature review of the existing studies
and research regarding the EVs and range is a task that lies outside the scope of
this project.

Figure 1.3: Position of the Dashboard Integration Module (DIM) (1) and Centre
Stack Display (CSD) (2) in the EV

Through the master’s thesis, contributions to the research field are expected within
several areas. Firstly, a set of design recommendations for creating a range esti-
mation and assistance-interface in the IVIS, with the purpose of improving drivers’
understanding of range, and thus also improve their trust in the estimated range,
will be provided. Secondly, a prototype concept of what such an interface could
look like will also be provided. It should be kept in mind that this will only be a

5



1. Introduction & Background

preliminary concept prototype applied to Volvo’s current interface, and the proto-
type’s design should be considered together with the design recommendations when
designing a range estimation- and assistance-interface. From the existing IVIS, the
project will focus on the DIM- and CSD-interfaces. The DIM is located in front of
the driver behind the steering wheel, and the CSD is located in the centre console
of the vehicle, see Figure 1.3.

With this project, the overall aim is to provide more research and understanding
of the current EV drivers and their understanding of range, so that the possible
improvements can be identified. The research area is a highly relevant and newly
emerging field as the society is slowly making the transition towards electrification
in a global strive for sustainability, and the findings from this project will benefit
related research within this field, and hopefully also contribute to further research
and development of EVs.

1.7 Ethical Considerations
The goal of this project is to get a better understanding of what users know and
understand about range in EVs, then make an improved interface as well as provide
guidelines for future work.

This project will consist of phases where different ethical requirements apply. The
first phase, data gathering, requires direct contact with users. All participants will
be made aware of how their data will be handled in accordance to Volvo’s policies,
prioritising consent for the data gathering phase. All interviewees will be kept
anonymous and they will be free to leave or stop at any time. If at any time a
participant withdraws their consent, their data will be removed and destroyed.

The second phase requires less contact with users and has more focus on using
the gathered data to create a design. Steps will be taken to minimise bias, by
acknowledging and being aware of our position as designers and the gathered user
data will be handled with outmost care, ensuring that data integrity is maintained
and handled securely.

The third phase will again involve users for the evaluation of the prototypes. For
this phase the same will apply as for the first and second phase during interviews
and evaluation. User consent will be prioritised for the testing procedures, while also
ensuring transparency of how the data will be handled, and the analysis of the data
will be done fairly, with the final results from this project accessible for participants
to view. We aim to act responsibly for the whole duration of the thesis work, to be
transparent and honest with our participants, taking each participant’s experience
into consideration so as to not put them under any stressful situations, and handle
all data with integrity and care.

6



2
Related Work

There have been studies conducted in related areas which have resulted in relevant
findings for this project. This chapter describes studies and the important findings
in the topics of range anxiety, trusting interfaces in vehicles, general research about
in-vehicle interfaces, cognitive load and nudging in relation to safe driving, and
finally biases found in Interaction Design (IxD).

2.1 State of Charge (SoC) & Range Anxiety
The concept of using energy and needing to charge a battery is the main difference
between ICEVs and EVs, and for inexperienced drivers one of the biggest concerns
is running out of charge in the middle of a trip as a consequence of limited range
[19]. The range anxiety obstacle needs to be addressed to ensure the transition from
ICEVs to EVs, to better manage the growing environmental concerns [20]. Pevec,
Babic, Carvalho, et al. [20] employed a survey methodology in their research to assess
potential EV owners’ perception of range anxiety, with the goal of explaining range
anxiety by quantifying it and using key EV parameters when measuring it. They
used parameters such as SoC (a relative measure comparing the remaining amount
of energy in the EV battery with the maximum capacity of the battery, usually
portrayed in battery percentage format) and remaining range (how much distance
the EV can still run without having to re-charge the battery, portrayed in kilometres
or miles). In their study, Pevec, Babic, Carvalho, et al. [20] focused on non-EV
owners, with the reasoning that non-EV owners in general have less knowledge
about EVs and that they therefore would manifest a higher level of range anxiety
[21]. They also reason that non-EV owners’ perception of the optimal charging
infrastructure is important for the development of future charging infrastructure as
well [20]. Their findings show that there is some dissatisfaction amongst potential
EV owners regarding the infrastructure of gas and charging stations. They also
found that the SoC highly influences range anxiety and charging habits, with more
range anxiety at lower SoCs.

Rauh, Franke, and Krems [22] focused on the connection between range anxiety and
long-term EV owners versus non-EV owners through their study with test scenar-
ios with predefined SoC and routes. The test scenario was designed to lead to a
critical range situation, and they measured range stress on cognitive, emotional and
behavioural levels. The study was designed to better understand range anxiety as

7



2. Related Work

well as investigate the degree to which practical driving experience predicts the re-
duction of range anxiety. Their findings supported previous research that indicated
that most drivers adapted to the general concept of EV and range within the first 3
months of using an EV [23].

Franke and Krems [24] based their research on participants that were provided EVs
for 3 months for test driving. They focused on investigating the factors that might
influence range preferences and how these might change over time. The results
from their study showed that the range anxiety drivers experienced was associated
with higher range preferences, but that range preferences decreased with more EV
experience. This indicated that the range anxiety that would occur might reduce
with more EV experience, and is in line with the previously mentioned findings from
Rauh, Franke, and Krems [22]’s paper.

Another study by Jung, Sirkin, Gür, et al. [25] addressed how the user interface in
the EV influences range anxiety. They explored the impact of the displayed precision
of the range and SoC on drivers’ attitudes towards EVs. In their study, participants
completed a 19-mile long drive in EVs portraying different remaining range, but also
with EVs giving estimates of range with high and low information ambiguity. One of
their key findings was that high ambiguity in the EV’s user interface for portraying
range would result in higher range anxiety as well as feelings of mistrust towards
the vehicle in general.

2.2 Trust in Digital & EV Interfaces
Dwyer [26] studied trust in digital interfaces, and she argues that all digital in-
terfaces will have some measure of trust factor amongst its users. That trust is
measurable both subjectively (user’s feelings when using the system) and objec-
tively (algorithms measuring the usage). It is imperative that system interfaces
encourages trust amongst users. Without the trust, it is unlikely that users would
continue to use the service. According to Dwyer, trust is not a binary state, rather it
is a spectrum where the level of trust ranges from non-existent to fully trustworthy.
System interfaces need to continuously work on gaining and keeping the user’s trust.
One bad occurrence for the user can be enough for them to lose trust in the system
[26].

Additionally, Dwyer argues that trust in systems are context dependent, where the
trust depends on the level of security needed and the kind of data that is displayed.
When the user needs to get exact data, the system requires a higher level of trust
from the users, while if the data is more fluctuating users are usually more forgiving
and require a lower level of trust. She also introduces that systems require a bit
of distrust, which means that the users need to have a sense of when they need to
question the information they are given to avoid any unnecessary risk, allowing them
to assess the situation and make important decisions when necessary. Users also want
to be able to understand the data shown to them, which requires transparency from
the designers and companies. Lastly, it is also important to consider the familiarity
when introducing something in a system [26]. The familiarity can be from similar
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shapes or colours of the design, and an example of this is how icons such as the
save function in many systems still have a close resemblance to the old floppy disk.
The familiarity for new systems is necessary to consider, stressing the need for a
universal design [27].

Franke, Trantow, Günther, et al. [28] have looked at the level of trust users have
about the range in EVs. They claim that the range interface is essential in the EV
interface and that the range indicator is what helps users with decision making. Hav-
ing an accurate displayed range can help diminish users range anxiety and planning
for when and where to charge. If the range is perceived to be untrustworthy, users
might have a higher level of range anxiety or they might make less efficient choices.
Franke, Trantow, Günther, et al. argue that the range indicator has the power to
enhance or weaken the users’ level of trust in the system.

The potential range in EVs is evolving and getting longer, but this might be a cause
of concern for potential new users [28]. Franke, Trantow, Günther, et al. argue that
getting a longer range might make users feel like there is more room for errors and
fluctuations in the range indicator, making them lose trust in the system compared
to if it showed a shorter range. Being able to trust in the range leads to what
Franke, Trantow, Günther, et al. [28] refer to as the comfort zone, which is the
safety buffers users feel they need to keep. The less trust users have in the range,
the bigger comfort zone they will likely have, feeling like they need to have more
range left when needing to charge. Having more trust in the system will therefore
lead to users needing smaller comfort zones and thereby feel more confident in the
range. That way users will be okay with charging when the estimated range is lower.
When users get more comfortable with range and start to trust the system more,
they will minimise their comfort zones and be able to utilise more of the range in
their driving [28].

Franke, Trantow, Günther, et al. [28] also argue that trust is not only about how
to display information, but what information to display, and how best to translate
available data for the interface in an easy and accessible way for the user. This goes
together with what Dwyer [26] mentions about having chameleon interfaces, which
is an interface that adopts settings according to user preferences. Being able to
decide what and how to display data might increase the level of trust for the system
since the user gets to decide the level of transparency. The findings from Franke,
Trantow, Günther, et al. [28]’s study also suggest that the designers should focus
on making IVIS feel trustworthy and give users the ability to adjust settings and
customise the systems.

2.3 In-Vehicle Interfaces
Strömberg, Andersson, Almgren, et al. [19] held a study to examine the design of user
interfaces and Human-Machine Interaction (HMI) of EVs. By conducting user tests
with two different scenarios in a driving simulator, they found that participants
sometimes had problems understanding the information on the interface despite
trusting that the displayed information was correct. They also discovered that the
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lack of knowledge and mental concepts regarding electricity and battery usage in
EVs influenced how much the users understood from the interface in the car. It
was also prominent that the drivers did not understand the factors that caused the
range to fluctuate. This led them to express that the range decreased more rapidly
than what seemed reasonable, which in turn resulted in the drivers deeming the
range information unreliable [19]. The authors also stress how important it is that
the vehicle conveys energy related information in a reliable and precise manner to
drivers that might be inexperienced with electric energy measurements. Aside from
that, drivers should also be aided in developing an understanding of what factors
affect the available range to reduce range anxiety [19].

Another simulator study by Gary Burnett and Pickering [29] looked at in-vehicle
interfaces, but instead focused on touchpad systems. They discussed what tasks
are suitable for in-vehicle touchpad systems compared to touchscreens and a rotary
controller interface. Participants carried out a set of different tasks with a prototype
using a touchpad system, a touchscreen, or a rotary controller interface, and the
results indicated that the preference for type of user-interface was heavily dependent
on the type of task that was to be carried out. For example, the touchpad interface
was perceived to be easier to use for simple commands, whereas the touchscreen
seemed more fitting for complex menu interactions [29].

2.4 Cognitive Load and Safe Driving
According to Engström, Markkula, Victor, et al. [30], when it comes to safe driving,
driver inattention and driver distraction are the two main factors that are usually
discussed. Both of these include activities related to objects that are both inside and
outside the vehicle - it could be that the driver is calling or texting on the phone,
talking with the passengers, looking at billboards outside the car, or interacting with
onboard systems inside the car. One of the three main components of driver dis-
traction is cognitive distraction, which can be described as “withdrawal of attention
from the driving task” [30], or “having the mind off road” [31]. Cognitive distraction
refers to directing attention towards another activity and thus away from driving
[32], and is often discussed together with cognitive load. Cognitive load, however,
refers to the amount of cognitive resources that is demanded by the driver when they
are distracted with a task outside of driving [33]. Engström, Markkula, Victor, et
al. [30] developed a framework for understanding effects of cognitive load on driving
performance, and a way to predict whether a driving subtask is likely to become
automatised over time, and thus not have an effect on cognitive load. Engström,
Markkula, Victor, et al. found that this framework, which they call ‘The cognitive
control hypothesis’, suggests that cognitive load impairs driving subtasks that rely
on cognitive control, but that automatic driving performance is unaffected. It is
therefore implied that a higher cognitive load from tasks like complex navigation or
multitasking in the vehicle negatively impacts driving tasks that require cognitive
control, such as maintaining lane position and responding to traffic signals. This,
however, does not affect automatic tasks such as basic vehicle operation. From the
research, it is recommended to minimise cognitive load during driving by reducing
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complex tasks, and when it comes to the design of onboard system interfaces, it is
recommended to provide clear and simple information to the driver [30].

Kountouriotis, Wilkie, Gardner, et al. [34] also studied cognitive load and safe driv-
ing, focusing on gaze and the task of steering while driving. Their study used
simulated driving and gaze-fixation points that had similar properties to real-world
road signs or were comparable to IVIS. Results from their study showed that fixating
on points far outside the road caused understeering (steering towards the outside
edge), while fixating far inside caused oversteering (steering towards the inside edge).
Kountouriotis, Wilkie, Gardner, et al. also found that when the driver viewed IVIS-
type displays, the lane variability decreased. The study concluded that a driver’s
gaze is critical for safe driving. Additionally, IVIS-type displays might make drivers
more vulnerable to cognitive interference, which could potentially affect their steer-
ing control. These findings highlight the importance of gaze direction and steering
control for safe driving, and suggest that when designing IVIS-type displays both
visual attention and cognitive load should be considered to enhance safety while
driving.

2.5 Nudging and Safe Driving
Nudging, which is the use of User-Interface (UI) design elements to guide people’s
behaviour [35], has been studied when it comes to safe driving. Choudhary, Shunko,
Netessine, et al. [36] conducted a study on nudging and safe driving, to see the
effectiveness of nudging to improve driving performance. They sent different types
of nudges through notifications to drivers on a smartphone application, indicating
how the drivers had performed on the current trip compared to their personal best,
personal average, and latest driving performance. The driving performance was
measured using telematics technology, such as real-time sensor data from an ac-
celerometer, Global Positioning System (GPS), and gyroscope in a mobile device.
The results were also compared to a control group with no nudging received. Choud-
hary, Shunko, Netessine, et al. found that nudges showing the driver’s personal best
and personal average performance were most effective in improving their driving per-
formance. These findings suggest that personalised nudges can be a cost-effective
approach to improving driving safety by influencing driver behaviour through per-
sonalised feedback.

2.6 Bias in Research for Design
When it comes to User Experience Design (UXD) and User Experience Research
(UXR), biases are not discussed much [37]. In Interaction Design (IxD), cognitive
bias is the most commonly mentioned bias. In their literature review, I. Saygı and
Y. B. Saygı [38] discuss how cognitive biases are systematic errors in human reason-
ing and decision-making, and that these biases are suggested to affect interactions
of users with computers. The most commonly discussed cognitive bias was confir-
mation bias, which is the tendency to actively seek out and interpret information
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in a way that confirms one’s already pre-existing beliefs, while dismissing the infor-
mation that might contradict one’s beliefs. I. Saygı and Y. B. Saygı [38] concluded
that to minimise negative effects of cognitive biases, the designers should focus more
on UXR to understand the needs, behaviours, motivations, and pain points of users,
or try nudging.

Aside from cognitive bias, participation bias which is also known as non-response
bias, is also a common source of error in studies where participants might give
inaccurate answers for a variety of reasons [39], [40]. According to Elston [39],
survey studies are more prone to participation biases, especially if the response rate
for the survey is below 60%. However, Fowler [40] argues in his handbook for survey
research methods that the real problem lies in the lack of good information about
when participation biases are likely to seriously affect the results. To reduce these
types of survey errors, Fowler therefore recommends thorough evaluation of survey
questions, and to pair the survey with focus groups or interviews if possible.

Despite the many biases that exist, the effects and implications from using biased
and unreliable data are often overlooked or simply not mentioned when it comes to
UXD. From the study done by Purdy [37], it was recommended to UX designers
and researchers to try to minimise and address biases by:

• Educating themselves and others on cognitive and personal biases, and to work
to understand bias as they apply to design and research

• Document assumptions and applicable biases in the context of the work

• Actively work with others that have different lived experience

• Actively seek the opinions of others that disagree with oneself

• Balance openness to new ideas and critical thinking about decisions and ac-
tions
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3
Theory

This section introduces the relevant theories, frameworks and processes used in the
research of interaction design in this project.

3.1 Research Through Design

Gaver [41] has done research about Research Through Design (RtD). He argues
that RtD is less about problem-solving and creating a solution, and more about the
process itself which makes it stand out from other practices. According to Gaver,
the most important part of a project is not necessarily the end product but the
learning outcomes and key aspects achieved. An example of outcomes when using
RtD are guidelines or requirements. RtD is a tool used as a complement to other
methods such as empirical studies and often in correlation with interaction design
projects [41].

3.2 Interaction Design (IxD)

Interaction Design (IxD) is a broad subject, and focuses on “the specification of digi-
tal behaviours in response to human or machine stimuli”, as explained by Goodman,
Stolterman, and Wakkary [42]. Below are the relevant frameworks and theories in
interaction design used in this project.

3.2.1 Usability

An important aspect in IxD is the usability of an interface. International Organi-
zation for Standardization (ISO) presents a comprehensive explanation as to what
usability means and provides a list of where usability is relevant, such as efficiency
to achieve set goals, teach users to evolve from beginner to experienced, and min-
imising errors and undesirable consequences [43]. Additionally, ISO also mentions
that usability is an important tool used in other practices such as UX design and
User-Centred Design (UCD).
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3.2.2 User Experience Design
UX is the user’s perceptions and/or responses that result from them using and/or
their anticipated use of a system [43]. The responses can vary in theme but can
include emotions, beliefs, preferences, perceptions, comfort, behaviours, and accom-
plishments. These responses can occur before, during, and after use. Sharp, Preece,
and Rogers [44] talk about UX as “going beyond usability”. This means designers
need to not only check if a system is easy to use and accomplish the basic needs of
the users, but to also make sure the quality of the overall interaction is high.

3.2.3 User-Centred Design
UCD processes are necessary for forming a good understanding about the actual
users intended of a system [44]. By focusing on the use of a system, UCD aims to
make interactive systems more usable by factoring in the user factor throughout the
design and development process. UCD is also known as human-centred design, and
aims toward including a broad set of stakeholders and not only the ones typically
considered as users. Additionally, an important factor in UCD is having users take
part throughout the design process, to not only design for users but with them as well.
Creating usable systems leads to multiple benefits such as improved productivity,
enhanced user well-being, avoidance of stress, increased accessibility, and reduced
risk of harm [43].

3.3 Interaction Design Processes
The interaction design process consists of several stages. The designer needs to
discover the user needs and analyse them, design a potential solution, prototype,
and then also implement the suggested design solution [45]. There are different
frameworks that help the designers walk through these different stages, and in the
following section the Double Diamond and the Triple Diamond process will be ex-
plained in further detail.

3.3.1 Double Diamond
The double diamond process is divided into two phases: problem and solution, which
in turn are divided into the sub-phases: diverging followed by converging. The
process is usually represented by two diamonds, the first diamond for problem, and
the second for solution, see Figure 3.1, which is were the name comes from. The
diamond illustrates the diverging and converging phases, where the designer first
needs to broaden the view about the subject and scope, and then define and narrow
it down into one problem. To optimise the process, Sunsunwal and Agarwal [46]
mention four guidelines for using the double diamond process. (1) Collaboration:
to work with others and get inspired by others work. (2) User-centred: make sure
to understand the intended users and their needs. (3) Iterate: it is important to
continuously improve, double check to make sure the users are understood, and
make changes/updates when needed. (4) Communicate: make sure to be in contact
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Figure 3.1: Visualisation of the double diamond process [46]

with users throughout the process and use terminology they understand to make
them feel included in the process.

3.3.2 Triple Diamond

The triple diamond process is similar to the double diamond process but with one
additional diamond. In this process, the diamonds are divided into discover, define,
and deliver (see Figure 3.2) [47]. The triple diamond process puts a big focus
on learning about users and defining the problem space. Both the first and second
diamond (discover and define) focus on the users and the problem, to make thorough
research about who the target audience is, what other products already exist, and
what can be learnt from studying them - all to define the problem space. Then
the final diamond’s focus is to make prototypes and to evaluate them together with
users. Therefore, the difference between the double diamond process and the triple
diamond process is the bigger focus on users and the problem space in the triple
diamond process [47].
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Figure 3.2: Visualisation of the triple diamond process [47]
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4
Methodology

This chapter will present an overview of the methods in interaction design that are
relevant for the project. The methods for data gathering and understanding the
users will first be explained in detail, followed by methods for defining, ideation and
developing. Lastly, the methods for analysis and evaluation will be explained.

4.1 Methods for Data Gathering and Understand-
ing the Users

As mentioned in Section 3.3, the interaction design process consists of several stages.
The first stage of the interaction design process focuses on understanding the users
together with researching and gathering insights about the problem [44]. The data
gathering is an important part of UXR and understanding the users, and can be
divided into two categories: exploratory research and evaluative research. This
phase of understanding the users focuses more on exploratory research, which aims
to understand the needs, preferences and behaviours of the users [38]. Therefore, this
section presents the methods suitable for the data gathering stage in the interaction
design process.

4.1.1 Pre-Analysis
A pre-analysis of already existing data is one way to understand users, which is
needed for the early stages of the interaction design process. By using existing data
from for example surveys, an understanding of the users and the current situation
can be formed by making a basic qualitative data analysis. After the pre-analysis,
the following steps in the data gathering stage will further complement the under-
standing of the topic and the context of the problem space.

4.1.2 Questionnaires
According to Hanington and Martin [48], questionnaires are designed for collect-
ing users’ self-reported information. It could be anything from their thoughts and
feelings to their perceived behaviours and attitudes, all of this typically in written
form. Questionnaires can include both open-ended questions to provide an oppor-
tunity for more in-depth responses, but close-ended questions can also be used to
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get more quantifiable data [48]. Questionnaires are similar to interviews, but one
big difference between the two is that once a questionnaire is produced, it can be
distributed to a large number of participants, without the time constraints that in-
terviews might have. This way, questionnaires are better in collecting more data
that otherwise could have been collected through interview studies. Another advan-
tage with questionnaires is that the requirement for users’ locations is not as high as
it might be for interviews that are conducted in-person [44]. One important thing
to keep in mind when designing questionnaire questions, however, is to keep the
questions clear and specific, since the researcher will not be able to explain each
question to all respondents [44].

4.1.3 Interviews
Interviews are another method for collecting data. There are several types of in-
terviews: unstructured, structured, semi-structured, and group interviews
(also known as focus groups) [48].

Unstructured interviews are also called open-ended interviews, and are typically
exploratory and very similar to conversations about a specific topic. The questions
are usually asked in a way where there are no particular expectations about the
format or content of answers [48], making it easy to go more in-depth about the
topic and generate rich and complex data.

Structured interviews typically consist of close-ended questions, where the an-
swers need to be short and clearly worded. The questions that are asked need to be
the same for all interviewees as well, and should always be asked in the same order
[48].

Semi-structured interviews are a combination of structured and unstructured
interviews, and include both open- and close-ended questions. Usually the inter-
viewer starts with a basic script to keep the topics and themes consistent with each
interviewee, but the interviewer can sometimes probe the interviewee for a more
elaborate answer if they think it is needed [48].

Group interviews, or focus groups, allow diverse or sensitive issues to be raised,
and enable people to put forward their own perspectives. A group consisting of 3-10
people are usually interviewed at the same time, and sometimes they are asked to
complete an activity together as well [44]. Group interviews are efficient in providing
more natural conversations, and participants will sometimes remind each other about
details that otherwise might have been left out during individual interviews [48].

4.2 Methods for Defining, Ideation & Developing
After understanding the users, it is important to also understand the users’ needs.
An understanding of the problem space can then be formed after getting to know
the users’ needs. In this stage of the interaction design process, it is important to
define the problem clearly so that the next steps can be carried out, namely, ideation
and developing [44]. This section presents various methods that are suited to define
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the problem and understand the users’ needs, together with methods for ideation
and developing a solution for the problem that has been identified.

4.2.1 Scenario
Scenarios are informal fictional narratives that describe how a user might interact
with a design or a product. The general purpose of creating scenarios is so that the
design team can refer to it throughout the development process as a way to envision
the possible ways the product or concept might be used in the future [44], thus
being able to identify requirements and needs. With scenarios, the design team can
focus more on how both normal and extreme users would handle the product, and
not risk putting too much time in refining technical details. The key to successfully
writing good and useful scenarios is to be able to empathise with the future users,
and envision a successful interaction between the user and the product [48].

4.2.2 User Archetypes
According to Nielsen [49], using user archetypes is a way to describe users based
on their behaviours and needs. User archetypes are similar to personas, and they
often visualise the same kinds of insights, but they are different in the way they
visualise the users. Both user personas and user archetypes are representations of
user clusters where there can be overlaps in e.g., user behaviours, attitudes, pain
points, motivations, and goals. The clusters of users that are identified help the
designer in identifying needs amongst the users, and the designer will often end up
with a small set of key characteristics that differ across different user types [49].

The main difference is that user archetypes are not presented as a specific (usu-
ally ficitonal, made up) human character. User archetypes are more abstract, and
sometimes a better way to identify and visually describe general patterns which are
repeated in different contexts [49]. These archetypes can then also be applied to
scenarios, where they represent users and their behaviours. User archetypes can
also make it possible to find different solutions to the same problem depending on
the perspective of the user, they might have different reasons for the same problem
which requires different solutions. Additionally, archetypes are a good tool for com-
munication as they often use simple terminology and they break down problems into
smaller problems that are easier to understand [50].

4.2.3 Benchmarking
One important step between defining and evaluation is to measure, compare, and
identify the best practices across an industry. Companies have to strive to be faster,
better, and cheaper than their competitors, and benchmarking can be seen as a tool
to attain or even exceed the performance goals in the industry [51]. According to
Anand and Kodali [51], there are many definitions of benchmarking, but one of the
most commonly quoted definition is:
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“Benchmarking is the search for the best industry practices which will
lead to exceptional performance through implementation of these best
practices.” [52]

Benchmarking is essentially when the design team continuously tests a product over
an extended period of time, allowing them to track the progress of the product
as development is iterated. At the same time, it’s used to compare the product
with competitors’ products [53]. It is important to discuss the stakeholders when
benchmarking, to capture different expectations [44]. Benchmarking begins with
planning precisely what one intends to measure of a product. Usually, it’s the areas
most critical to the users and sales. Then, through completing different tasks with
the various products, the design team can evaluate the performance of each product
and thus identify the most important features to help the user complete the task
[53].

4.2.4 Affinity Diagramming
Affinity diagramming is a process used to help designers capture observations, con-
cerns, or requirements on sticky notes to easier consider the implication of each trait
on its own [48]. It could be answers and transcripts from interviews, notes from
observations, or other survey data that needs to be sorted. The notes are clustered
based on affinity, see Figure 4.1 as an example. It is important to note that these
sticky notes should not be grouped into predefined categories, but rather reveal
categories after grouping them [48].

Figure 4.1: The three steps to make an affinity diagram [54]

Affinity diagrams are a great tool for externalising and making sense of qualitative
data that sometimes can seem rather dissimilar. In IxD, affinity diagrams are most
commonly used in prototype evaluations [55]. As seen in Figure 4.1, there are steps
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when creating affinity diagrams. The designer should write down all the qualitative
data and create separate notes, then cluster notes and organise them into groups
of similar themes, then finally prioritise groups of notes. Affinity diagramming can
be done individually or collaboratively, and traditionally on paper sticky notes or
on digital platforms as well. One software used for digital affinity diagramming is
Miro [56], and is often utilised by designers in collaborative design workshops and
brainstorming sessions.

Affinity diagramming is sometimes compared to thematic analysis (see Section 4.3.3),
but there are some differences between the two evaluation methods. While thematic
analysis also is a method to analyse qualitative data, affinity diagrams are often used
in the earlier stages of design and research, and is often quicker and more immediate
compared to the longer and more detailed process of a thematic analysis [57].

4.2.5 Requirement List
A requirement refers to what a product is expected to do or how it is expected
to perform [44]. Design requirements can be seen as guidelines that outline the
necessary characteristics and functionalities of a product to ensure that it meets the
users’ needs and expectations [58].

Two different types of requirements are usually discussed: functional and non-
functional requirements. Functional requirements describe what the product
will do, what actions it can execute [44], and it is fundamental to understand the func-
tional requirements for an interactive product. The non-functional requirements
describe the characteristics and constraints of the product [44]. Beside these types
of requirements, there are five other types of requirements that are commonly dis-
cussed amongst designers: data requirements, environmental requirements,
user characteristics, usability goals and user experience goals [44].

Interactive products handle data, and data requirements capture the type, un-
predictability, size, accuracy, and value of the required data. Sharp, Preece, and
Rogers [44] explain that for environmental requirements, the design team needs
to consider the circumstances in which the interactive product will be used. Physical
environment like lighting, noise, and movement in the operational environment are
important factors that the designers need to consider. They also need to consider the
social environment, such as collaboration and coordination, especially if the product
will be used by several users. There are also requirements for organisational environ-
ments and technical environments, which focus on areas like user support, resources
attainable by the users, and also what technological limitations might be relevant
for the product [44]. User characteristics are about the attributes of the intended
user group, for example users’ skills and abilities, their educational background and
so on. For the requirements in this group it is especially important to consider the
level of interaction that the user might be able to execute, if the user is a novice
then the product might need more step-by-step guidance etc. For usability goals
and user experience goals, the requirements are typically decided early in the
development process, which ensures that the usability and the user experience goals
are priorities that facilitate progress tracking [44].
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By listing all these different types of requirements, the design team can use them
as a guideline to refer to throughout the design process, and make sure that all
important aspects are considered when developing a product.

4.2.6 Brainstorming
Brainstorming is when the design team comes up with ideas to solve design prob-
lems, and is also where they start working on the conceptual design of the product.
Brainstorming typically starts with the design team discussing the background and
parameters, as well as agreeing on the goals of the ideation process [59]. It is essential
that the team defines a clear problem statement as the purpose for the brainstorm,
this way it will be easier to bring the focus back to the main topic if needed through-
out the idea discussions [60]. There are a lot of ways to brainstorm, some methods
include brainstorming in smaller breakout groups or pairs, to have intense rapid
interactions to produce a large number of ideas quickly. It is common practice to
use post-it notes or whiteboards to sketch and take notes during the brainstorming
process, and it is important that the process is democratic, that all ideas are valued
equally [59].

4.2.7 Prototyping
Prototyping is a way to provide a concrete manifestation of an idea, to better com-
municate with the users and the design team of one’s concept. A prototype should
emphasise the important characteristics and features that the designers wish to test
or convey to the user testers, but it does not necessarily need to be a fully func-
tional product [44]. It can be anything from a paper-based outline of a display, a
video simulation of the concept, a three-dimensional mock-up model or even a sim-
ple paper-based storyboard, as long as it can convey the important traits that the
designers want to test and evaluate [44]. Low-fidelity prototyping is usually common
in the early stages, whereas later stages can have more refined high-fidelity proto-
types, to more accurately portray the functions and features of the final product
[48].

There are many programs and software that can be used to create higher-fidelity
prototypes. One such program is Figma [61], a collaborative interface design tool.
With Figma, people can create, share and test designs for websites and apps, or
other digital products. It can be used both by solo designers and larger design
teams, making it popular for interaction design and user experience projects.

4.3 Methods for Analysis & Evaluation
There are various methods for analysing data, whether it is quantitative or qualita-
tive data, or a combination of both types [44]. Analysing the gathered data is also
a type of user research, and falls under evaluative research, which aims to evaluate
the usability and effectiveness of a product or service [38]. The following section
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therefore focuses on usability testing, A/B testing, and thematic analysis, which are
relevant evaluation methods for this project.

4.3.1 Usability Testing
Usability testing is a method that allows the designer to evaluate and observe a
user’s experience with a product, as he or she walks through the steps of a task that
is given by the designer [48]. Digital.gov [62] explains usability testing as:

“Usability testing refers to evaluating a product or service by testing it
with representative users. Typically, during a test, participants will try
to complete typical tasks while observers watch, listen and take notes.
The goal is to identify any usability problems, collect qualitative and
quantitative data and determine the participants satisfaction with the
product.” [62]

Usability testing allows the designer to clearly identify the parts of the product that
frustrate or confuse the users, so that the designer can focus on improving or fixing
that specific part of the design. Usability tests are meant to reveal problems and
areas that need improvement, as well as provide insight for how normal users might
use the product differently compared to the designers [48]. Typically, usability tests
follow the ‘think-aloud protocol technique’, which is a method that requires the
participants to verbalise their thoughts and feelings as they are using the product
to complete a task [48]. Usability tests are also often paired with surveys that can
take place prior to, or in tandem with the test itself. The results from the surveys
are often analysed together with the results from the usability tests, to properly
uncover potential design flaws or problems with the product [63].

4.3.2 A/B Testing
A/B testing is a technique that is often applied to evaluation tests, to compare
two different versions of a design [48]. With two different designs, it is important
to make sure that the sample sizes are equally big, and that the participants are
randomly assigned to either test A or test B. After using A/B testing, the researcher
should be able to determine which design is better suited to help them reach their
design solution goal. Although A/B testing is great for determining which design
gives better test results, the method itself is not enough to help the researcher
understand the reasons for why one design is better than the other. A/B testing
should therefore not be a replacement for qualitative methods, but should rather be
used as a supplement for qualitative methods to help the researcher gather insight
and deeper understanding of why one design might be preferred over the other [48].

4.3.3 Thematic analysis
Thematic analysis is an umbrella term for methods used to identify themes in quali-
tative data. The themes that are found could be about the behaviour of the user, a
new unexpected user group, places or situations where the product is used, and so
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on [44]. In general, a theme should represent a pattern or a topic found in the data,
which is important and relevant to the development of the product or the aim of
the study. Qualitative data will usually be paired with thematic analyses, however,
themes and patterns can emerge from quantitative data as well [44]. There are dif-
ferent types of analyses, inductive and deductive. When a study is exploratory,
an inductive analysis is more suitable to let the themes emerge from the data. For
deductive analyses, the designer will usually have a set of predetermined categories
to easier identify detailed patterns and themes that are important for the research
[44]. According to Caulfield [64] there are six steps you should follow when doing
an inductive thematic analysis:

1. Familiarisation
This stage is about getting familiar with the data. There has to be a general
knowledge about the data before it can be divided into themes.

2. Coding
During this stage, sentences and phrases should be coded and labelled. Gen-
erally this means that important sentences are highlighted and then a label
and colour-code is set to describe the content.

3. Generating themes
During this stage, the labels are used to create bigger themes from patterns
found amongst the labels. In general, multiple labels are used to create one
theme.

4. Reviewing themes
This is a step where the themes created are double checked with the original
data to make sure that they are relevant and accurate representations of the
data. This is to make sure that all aspects of the data is covered and make sure
that the themes are appropriately named. During this step, themes can be
split up, combined, deleted, or created depending on what benefits the most.

5. Defining and naming themes
In this step the themes are named and defined. When naming a theme, it is
important that it is succinct and easy to understand. Defining themes includes
to give a short explanation of the theme and what is meant with the theme
and how it helps to understand and represent the data.

6. Writing up
The final step is summarising the data and write it up in the report.

After identifying themes, it is also common to review the themes to make sure they
are not overlapping and that the topics support the found themes [65]. Thereafter,
the themes are defined and described. The design team will usually note why the
themes are important for the development process as well, to easier go back to the
developing phase in the interaction design process and improve the product.
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Execution & Results

This chapter will cover the execution process and results of the project starting with
the phase of getting to know the users (collecting data). Thereafter, two iterations
of a prototyping and evaluation phase will be presented, ending with the final design
recommendations from this research. The execution process has followed iterative
methods such as the Double Diamond framework [46], see Figure 5.1.

Figure 5.1: Illustration of the execution process

5.1 Understanding the User
The first phase aimed at getting to know the users by gathering a wide range of data,
both qualitative and quantitative, and to understand the problem space as well as
the behaviours, wants, and needs of the users. The execution of each method used
to collect data in this phase are explained in the following sections.

5.1.1 Volvo Data Pre-Analysis
The pre-analysis study has been done on data found from two main sources: Product
Quality Study (PQS) and OneVoice. PQS consists of survey data from Volvo Cars’
own online surveys that are sent out to customers from after they have had their
car for 2 and 12 months. OneVoice is a feedback program at Volvo Cars, where
customers can send in feedback whenever in different forms, such as through the
Volvo mobile phone application or email. The collected data from these sources
were sorted into themes of bigger problem areas. Another part of the pre-analysis
of existing data has been on benchmarking studies that Volvo Cars has conducted
[66]. From the previous benchmarking studies, some inspiration was gathered for
the brainstorming session later. Although a benchmarking study for this project was

25



5. Execution & Results

initially considered as well, it was ultimately not pursued due to time constraints
associated with the master’s thesis project timeline.

Volvo Cars has also researched user archetypes for different types of EV users when it
comes to charging behaviour. The archetypes related to charging habits are relevant
for the UX of range and how to plan future energy consumption. From analysing
the existing data at Volvo Cars, it was decided to put the focus on long distance
driving, since controlling range and energy efficient driving behaviour is especially
relevant during those scenarios.

5.1.2 Questionnaire
To better understand the current users and the usage of the range applications in
the EVs, a questionnaire was sent out through an internal team at Volvo, to Volvo
employees. The authors had little control over whom the questionnaire would be
sent out to, but received the demographical data of the respondents afterwards. The
questionnaire received 132 respondents in total, of whom 118 were viable for further
analysing. The questions for the survey were inspired from previous surveys done
at Volvo and a previous master’s thesis which had a similar research topic [66]. The
demographic questions were therefore reused from previous questionnaires.

The main focus of the survey was to learn about the users’ knowledge of the range
information and their usage of the R.A. interface and the R.O. (for the full question-
naire, see Appendix A). An important aspect of the questionnaire was to investigate
whether there exists a knowledge gap amongst the users, which may be one of the
elements affecting the UX of EVs. Therefore, questions about users’ understanding
of the current R.A. application were included in the questionnaire, to check the
current knowledge level.

5.1.3 Questionnaire Data Analysis
To analyse the questionnaire, the data was divided into qualitative and quantitative
data. A thematic analysis was used on the qualitative data and diagrams and charts
were used to compile the quantitative data.

As mentioned above, the thematic method described in Section 4.3.3, which is based
on the article by Caulfield [64], was used to analyse the qualitative data. The
thematic analysis was carried out in Miro [56]. An inductive approach was more
relevant for this study, which includes a latent approach where the designer reads into
the subtext and makes assumptions from the underlying data [44]. Each question
was represented by a colour of post-it notes, which in turn have been grouped into
themes, see Figure 5.2. For all open-ended questions, each participant could only
provide one answer, which ensures that the data is not biased towards representing
one respondent more than any other, and thus prevent skewing the results in the
analysis.

The quantitative data was visualised with the built in feature in Microsoft Forms
[67], which was the tool used to create the questionnaire. The quantitative data
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Figure 5.2: Thematic analysis board portraying grouping of themes

showed user demographics, and the most common usages of the Range Assistant
application. In order to reduce the risk of bias and to avoid skewed results due to
advanced subject knowledge, responses from participants whose professional roles
were directly related to the topic of the questionnaire were excluded.

5.1.4 Questionnaire Results
The survey had a response rate of 43% with a total of 132 responses. 14 responses
had to be excluded, 12 because of their professional roles, and 2 for not driving an
EV with the relevant system or for not having the correct apps, resulting in a total
of 118 valid responses. Of the respondents, 92 were male, 25 female, and 1 preferred
not to say. The majority of the respondents were from around the Gothenburg area,
with a few exceptions from Stockholm. The age of the respondents ranged from 30 to
60+, M = 53,3 and SD = 7,53. As mentioned previously, all respondents were Volvo
employees. Potential knowledge, gender, and age biases will be discussed further in
the Discussion 6.

As mentioned in Section 5.1.3, the data from the questionnaire consists of both
qualitative and quantitative data. From the qualitative data, two main categories of
themes were found regarding users’ view of range: (1) knowledge about range and
(2) trust in range. For knowledge about range, the following five themes were found,
labelled Q1-Q5.

Q1: Driving Behaviour
Driving behaviour was mentioned by the respondents to be one of the big-
ger factors affecting range. How they handle the car, such as acceleration,
breaking, speed, and their driving style are included under driving behaviour.

Q2: Tyres
The tyre type, size, and pressure were mentioned as factors affecting the esti-
mated range.

Q3: Topography
Respondents mentioned that topography (such as hilly roads) affect the range.
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Q4: Towing & Accessories
Respondents mentioned that weight affects the range, that a number of dif-
ferent things contribute to increased weight, such as towing and accessories.
Towing trailers or optional accessories like roof boxes or bike racks were men-
tioned to affect range through added weight and wind resistance. Respondents
were aware that they can control how much these factors affect range.

Q5: Weather & Road Conditions
Respondents showed an understanding of how weather and road conditions
might affect range. Wind, snow, rain, and temperature were mentioned by
the majority of the respondents to affect the estimated range.

On respondents’ trust in the range estimation, the five themes that were found are
summarised in Q6-Q10.

Q6: Charging for Peace of Mind
Some respondents showed trust in the estimated range. However, to avoid
getting range anxiety, they either chose to charge extra or made sure to charge
whenever the SoC would drop below their personal comfort threshold.

Q7: Learning to Trust the Estimated Range
Some of the users found there to be a learning curve associated with the degree
of which they trust the indicated range. More experience with the EV leads to
a better understanding of range, which equips the driver with the knowledge
to trust and interpret the shown range information in the IVIS.

Q8: Impact of Weather Knowledge
The knowledge about weather was found to affect respondents’ trust in the
estimated range. The influence of this knowledge on their trust in range varies
between drivers. Some respondents trust the estimated range less because they
know that weather affects it, and that the estimated range will therefore likely
be inaccurate. Other respondents used the knowledge of how weather affects
the range to make their own estimations, whereby they also stated that they
trust the estimated range.

Q9: Omission of Topography in Estimations
Respondents’ belief that the EV does not include topography in its calculations
negatively influenced their trust in the range estimation.

Q10: Uncertainty in Driving Behaviour Feedback
The respondents found that it is unclear as to why and how the estimated range
updates according to the driver’s driving behaviour. They were discontent
with the speed at which the estimated range updates and its mismatch with
their current driving behaviour, which further fuelled their mistrust in the
estimated range.

A small number of respondents mentioned battery and pre-heating as something
that affects range, while the majority did not mention it at all. It was therefore
not widely named as a factor influencing trust in the estimated range, nor was it
brought up enough times to warrant its own theme.
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From the quantitative data it was found that the drivers use the range information
to plan their charging, plan their trips, and to assure their mind to reduce range
anxiety. When it comes to the usage of the R.A., 46% of the respondents answered
that they actively use the R.A.. Out of the drivers that do not use the R.A., 59%
answered that they do not understand the information shown on the R.A.. It was
also found that 86% of the respondents sometimes make longer trips that usually
require charging along the way. In total, 58% of the respondents found that the
R.A. was most useful on trips longer than 30 minutes.

The questionnaire also investigated the usage of the R.O.. It was found that 19% of
the respondents do not know what the R.O. is, 43% actively use the R.O. feature,
while 38% choose not to. Out of the respondents who answered that they know of
the R.O., 36% do not know what changes it makes in the car when the user activates
the feature. Despite this, some drivers still chose to use the R.O. feature.

The key take-aways from the questionnaire results are that (1) the dissatisfaction
with range is not because of a knowledge gap of what elements affect range. (2) A
part of the mistrust about range comes from the drivers’ knowledge about outside
elements that might affect range, of which they believed the EV’s estimated range
does not account for (see [Q8] and [Q9]). (3) With the current CMA version, there
is a lack of understanding for what the R.A. shows, and how the R.O. works. It
was therefore decided that the next step should focus on exploring different ways of
relaying range information.

5.2 First Design Iteration
This section will go through the first design iteration, which will cover the prototyp-
ing and evaluation phases, and finishing with a list of findings.

5.2.1 First Iteration Prototyping
From the findings of the questionnaire, it was decided that the first design itera-
tion should focus on exploring different ways of relaying information on the range
interfaces in the IVIS. The first step was to brainstorm a prototype concept. The
authors brainstormed together, using various IxD brainstorming methods. From the
brainstorming session, it was established that the following focus areas would be the
main components to be tested.

• Range Assistant layout

• Range Optimiser

• Range elements included in the Range Assistant application

• Range information in Dashboard Integration Module

• Tip-feature

29



5. Execution & Results

(a) Toggle button R.O. on
top, radial bars beneath

(b) Toggle button R.O. on
top, horizontal bars beneath

(c) Square button R.O. on
top, graph beneath

(d) Square button R.O. on
top, graph to the right

(e) Square button R.O. to
the left, horizontal bars to
the right

(f) Square button R.O. to the
left, tips and radial bars to
the right

(g) Square button on the top,
radial bars to the right

Figure 5.3: The low-fidelity prototype screens made for the CSD
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A tip-feature was introduced in the focus areas mentioned above, despite not being
explored in the previous phase. The tip-feature is something that does not exist
in any of Volvo’s cars today. Drawing on insight from the literature on nudging
and driving safety [36] (see Section 2.5), it was desirable to inquire as to whether
this feature is something that drivers would appreciate. The tip-feature was there-
fore implemented in the prototype (see Figure 5.3f) as a form of nudging aimed at
encouraging more energy-conscious driving behaviour.

The low-fidelity prototype was created in Figma [61]. The prototype concept was
based on the CMA-system. All design elements and graphical language followed
Volvo’s current elements and graphical language, and the components used in the
Figma prototype were reused from Volvo’s design library. The values shown on
the prototype screens is only for a visual representation, and should not be seen as
a representation of real world values. To fully cover the different aspects, several
screen views were created and used in the testing.

Two types of layouts were used to investigate the preferred layout for the R.A.
application interface, see Figure 5.3b compared to 5.3e. One version had the range
elements positioned in the lower half of the screen, while the other version had the
range elements placed on the right side of the screen.

For the R.O., two aspects were investigated - placement of the interactive button
for turning on/off the feature, and the type of UI button. There were two types of
placement variations of the R.O., one at the top of the R.A. application (see Figures
5.3a, 5.3b, 5.3c, 5.3d, and 5.3g), and the other version had the R.O. placed on the
left side of the screen, between the estimated range and current consumption metres
(see Figures 5.3e and 5.3f). Two UI button variants (square button versus toggle
button) were included in the prototype to test the preferred type of buttons, see
Figures 5.3a and 5.3b compared to 5.3c and 5.3d.

The range elements shown in the R.A. cover three factors affecting range: speed,
driving style, and climate. These factors were visualized in three different ways:
radial bar (see Figure 5.3a), horizontal bar (see Figure 5.3b) and graph (see Figure
5.3c).

In Volvo’s current EVs, the DIM is not used to communicate any other range related
information aside from the estimated range. Different variations of the tip-feature
and how to portray range elements in the DIM were tested, see Figure 5.4. To
portray the range elements in the DIM, two variations were tested (1) a full screen
view of the range elements (see Figures 5.4a and 5.4b), and (2) a combined view
of map and range elements (see Figure 5.4c). The reason for testing two variations
was to learn what level of information drivers want while driving. Additionally, two
different ways to display the tip were tested (1) as a pop-up (see Figure 5.4d), or
(2) as a full screen view (see Figure 5.4e).

5.2.2 First Iteration Testing
Seven participants tested the low-fidelity prototype, 4 male and 3 female, with an age
span of 24-28 years old, M = 24,7 and SD = 1,50. All participants were interaction
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(a) Range view portraying range elements
as radial bars

(b) Range view portraying range elements
as horizontal bars

(c) Combined view of map and range ele-
ments as radial bars

(d) Combined view of map and range ele-
ments (radial bars) with tip pop-up

(e) Tip view as full screen

Figure 5.4: The low-fidelity prototype screens made for the DIM

design students. Six out of the seven participants have driving experience while the
last participant had tried driving but had no extensive experience at the time of
testing.

The prototype was placed in front of the participants for them to interact with, and
an unstructured interview was held throughout the duration of the test. Partici-
pants were encouraged to think aloud while using the prototype, during which they
were also asked specific questions about the layout, shape, and colour of different
components of the interface to gather concrete feedback. As mentioned earlier in
Section 4.3.1, the think aloud method is a common process used in user research
activities, in which participants are prompted to speak what they are thinking as
they complete a task or interact with a product [68].

To minimise bias, the order in which the prototype screens were shown for each
participant was decided through block randomisation. Block randomisation is a
common procedure to carry out random assignment in testing [69]. This is important
to ensure that the order of the screens does not have an effect on the participants’
opinions. Throughout the whole test, participants’ comments and gestures were
recorded as notes.
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5.2.3 First Iteration Data Analysis & Results
The data was analysed using affinity diagramming with the Miro tool [56], as de-
scribed in Section 4.2.4. The key points from the data were highlighted and written
down on sticky notes, which were then grouped into clusters of connecting themes.
The themes from evaluating the low-fidelity prototype were interpreted into the
following list of findings, labelled L1-L11:

L1: Information should be clear and easy to understand without distracting the
driver.

L2: It is appreciated to have range information in the DIM, and not only in the
CSD.

L3: The colours of the bars can give either binary or non-binary information
(changing colour for the whole bar, or having a gradient), but should still
be discrete so as not to distract the driver.

L4: The shape of the metre (horizontal or radial bars) does not matter too much
to the user.

L5: It is appreciated to have a graph to show the history of the energy usage.

L6: The history graph should be either in the CSD or in the mobile app, or even
both.

L7: The history graph should show the different factors and the energy usage, as
well as the total energy usage for easier comparison.

L8: The users should be able to toggle between map view and range view in the
DIM.

L9: Tips are appreciated, but not during drive if it is in textual form.

L10: Tips in form of icons with visual elements (light/blinking) were brought up
as a suggestion to have while driving. Dynamic real-time feedback is still
appreciated.

L11: Tips in textual forms could be appreciated after drives instead. The tips
should not include factors the user cannot affect.

L1 Clear and easily understandable information

Participants wanted the information displayed in the interfaces to be clear and easy
to understand. Because the test participants all had a background in IxD, some
design related concerns were raised, such as visual clutter. Five participants also
preferred when the R.O. was positioned at the top of the screen with an easily under-
standable button indicating whether the feature was activated or not. Additionally,
as can be read in the quotes below, the most important information should be at
the top and/or left side of the screen, as that was found to be the most accessible
place to find information while driving.

33



5. Execution & Results

“I prefer when it (the R.O.) is positioned higher up, it is reasonable
that the only interaction you have on the screen is on the very top,
so you don’t have to search for it. I also like the toggle-button more,
because everyone knows what a toggle-button looks like. The other
button doesn’t indicate as well if it is on or off, you would have had to
have used it before to have seen that it changes colour. It’s valuable to
have the R.O. text which indicates what it does.”

“It is good that the range is more to the left, then it is closer to the
driver. It is visually better having it (the R.O.) high up on the screen,
but it might be too far away from the driver?”

L2 Non-exclusive information

Participants were positive when presented with the option of having range informa-
tion in the DIM. They liked that it made relevant information easily accessible by
reducing the amount one needs to turn their head to look at the CSD. Utilising the
DIM to show more range information was appreciated by the participants, see quote
below.

“Having the range information in the DIM is useful. I’m unsure if radial
bars or horizontal bars fit best. It doesn’t matter what they look like,
as long as they are included somewhere. You’d want to see the fuel con-
sumption even in normal ICEVs, and usually that information is in the
DIM. The idea is pretty smart. When I drive I look at the consumption
metre too see how much fuel I consume, it’s pretty similar with range.
It’s better to have the information in the DIM than in the CSD, so you
don’t have to look at the CSD as much to get information.”

“I like the idea of utilising the DIM to have range assistant information.”

L3 & L4 Shape and colour of the range elements

The feedback on both the colouring of the range factors and their shape suggests
that the participants did not really prefer one over the other. They could see the
potential use of both ways. One participant put it this way:

“I think it works either way, both radial bars and horizontal bars work.”

Having the range elements change colour when energy consumption is high indicates
to the driver that they would benefit from changing their behaviour to consume less
energy. This was done either by changing the entire colour of the visualisation or
having the bar as a gradient changing colour dynamically, but the participants did
not show a preference. When it came to having radial or horizontal bars, five of the
participants had no preference at all.
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L5-L7 History graph

The graph was not a preferred visualisation of the range elements in the R.A. inter-
face. However, a recurring suggestion was to have a graph showing a historic view
of the energy usage instead. Two participants suggested that the historic graph
should be available in a different tab on the R.A. interface, or on the Volvo phone
application instead.

“I’m imagining my mum driving - if she were to look at that (the range
elements in a graph), she would not immediately understand what shes
looking at. It would be interesting to check them out after a drive, but
I think only people who are really interested in maximising their range
would do that. Having a graph option is good still, just not during drive,
I think it could cause visual overload.”

One participant also mentioned that it depends on what kind of historic view the
graph would be used for when considering whether it should be in the EV or in the
Volvo phone application.

“If you want to have history, not only from the latest drive but longer
history, it could be good to have in a phone app in that case. Then you
can see that you are generally pretty bad at speed for example, otherwise
if it is just the history of one trip, then it might be better to have in the
car.”

L8 Toggleable information

As for the DIM, three participants stressed the importance of having the option to
change between the different views available, such as the map view, and range view
(see Figure 5.4). As one participant mentioned:

“Think it could be good that you can decide yourself what it is you want
in the DIM and CSD. You maybe might want to check sometimes, so it
can be good that you can toggle what it is you can see in the DIM.”

L9-L11 Form of tips

Tips were appreciated by the participants. They liked how tips support a better
understanding of what the range factors mean and how to interpret and incorporate
them into their driving. It was, however, brought up that the tip-feature would be
more appreciated either pre- or post-drive, as one of the participants said:

“The text, maybe you don’t need to see it while driving, but it might be
good to press and see what they mean before driving off.”

The participants felt like reading longer tips while driving would draw too much of
the driver’s attention away from the road and therefore found that it could be a
hazard. Still four participants liked having tips, which they felt could help them
with their driving style:
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“I like the tips, but it is too long to be readable while driving. I like that
you have the tip. You can glance at it so you know what it is you are
doing "wrong". Tips are good - as long as they are not too long.”

An alternative to having the tips in textual form could be to use a light, a haptic, or
a visual element, as suggested by three participants. In this way, the dynamic, real-
time feedback the tips provide would still be conveyed. One participant commented
on this during the interview:

“I don’t want tips while driving, no text to read. Maybe otherwise an
icon to indicate that there is a tip?”

The findings from this iteration was not seen as a strict requirement list, however,
it was used as recommendations and guidelines for the second iteration.

5.3 Second Design Iteration

This section will go through the second design iteration. Starting with utilising the
findings from the first iteration to create a high-fidelity prototype, the evaluation
process will then follow, and lastly the final results will be delivered as a list of
design recommendations.

5.3.1 Second Iteration Prototyping

From the findings of the first design iteration, it was decided that the second iteration
should focus on refining the low-fidelity prototype, with the end goal of delivering a
high-fidelity prototype along with a list of design recommendations. Brainstorming
sessions were held, and it was established that the final prototype should focus on
incorporating (1) range information in both the DIM and the CSD, and (2) a tip-
feature that reminds the driver to opt for a more energy-efficient driving behaviour.
Inspired from the R.O. feature, it was decided that both the range information in
the DIM and the tip-feature should be toggleable, giving the driver control over the
amount of information they would be shown. Although some feedback from the first
design iteration suggested removing the tip-feature during driving, and only having
it available for post-drive scenarios, it was decided to test nudging [35] through
a toggelable tip-feature in an interactive prototype in this second design iteration
before making further decisions on this aspect. To minimise visual clutter, and to
maintain a balanced visual attention and cognitive load according to the suggestions
by Kountouriotis, Wilkie, Gardner, et al. [34] and Engström, Markkula, Victor, et
al. [30], all these features were to be incorporated while maintaining a clean and
simple interface.
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(a) Default view (b) Activated R.O. and tip view

Figure 5.5: High-fidelity prototype of the Range and Trip app in CSD: Version 1

The high-fidelity prototype was also created in Figma [61]. The prototype was
designed for the Scalable Product Architecture Version 2 (SPA2)-system using al-
ready existing components from both the CMA- and the SPA2-system. All design
elements and graphical language followed Volvo’s current elements and graphical lan-
guage, and the components used in the prototype were taken from the Volvo design
library. The values shown on the prototype screens is only for a visual representa-
tion, and should not be seen as a representation of real world values. The reason
behind the decision of combining elements from both the CMA and SPA2-systems
was because the equipment at Volvo that would later be used in the evaluation was
only compatible with the SPA2-system. In order to cover as many focus areas as
possible, two versions of the prototype were created. One version showed the range
elements through only horizontal bars in the CSD, see Figure 5.5, while the other
version showed the range elements through both icons and horizontal bars, see the
white circles in Figure 5.6. Both versions included a toggleable R.O.- and tip-feature,
and visual feedback was given when the functions were activated, as shown with the
red circles in Figures 5.5b and 5.6b. A few seconds after activating the R.O., the es-
timated range would be updated with the added range gained from the R.O. feature,
see Figure 5.7.
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(a) Default view (b) Activated R.O. and tip view

Figure 5.6: High-fidelity prototype of the Range and Trip app in CSD: Version 2

Figure 5.7: Updated estimated range after R.O. has been activated in the high-
fidelity prototype

Views for the DIM were also created to complement the CSD views. As such, the
DIM prototype also includes two design versions. The first version, shown in Figure
5.8, features separate views for the map (see Figure 5.8a) and driving factors (see
Figure 5.8b). When the tip function is enabled, the tip will pop up in a window
beside the factors view to provide helpful suggestions for a more efficient energy
usage (see Figure 5.8c).
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(a) Current map view in DIM

(b) Range elements view in DIM

(c) Range elements view with tip pop-up in DIM

Figure 5.8: High-fidelity prototype of the DIM: Version 1

The second version shares the same map view as the first (see Figure 5.9a), but
integrates the driving factors directly into the map view, allowing the driver to
access relevant information on a single screen without needing to switch between
views (see Figure 5.9b).

(a) Current map view in DIM

(b) Combined map and range elements view in DIM

Figure 5.9: High-fidelity prototype of the DIM: Version 2
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5.3.2 Second Iteration Testing
Because two versions of the prototype were created, the A/B test model was applied
to the evaluation of the second design iteration. The participants were divided
into two groups, one for each version of the prototype. The Figma prototype was
uploaded to a car rig equipped with the SPA2-system, which was used during the
tests. This rig, known as the Buck, replicates the interior and systems of a Volvo
EX90 (see Figures 5.10 and 5.11).

Participants for the test were recruited from respondents to the prior questionnaire
(see Section 5.1.2) who had indicated a willingness to take part in further testing.
In total, 16 participants were involved in the testing, 11 male and 5 female. Their
ages ranged from 35 to 64, M = 53,8 and SD = 6,29. Their experience in driving
EVs ranged from 8 months to 5 years, with one outlier having 13 years of experience.
Most participants primarily drove Volvo EX40 or EC40. None worked within energy
efficiency, range optimisation, or UX of range in EVs. All participants reported
taking at least one long trip per year, with the majority taking between 3 to 5 long
trips annually.

The tests were originally planned to take place in a UX Lab with a driving simula-
tor, where participants would sit in the Buck which was placed in front of a large
simulator screen displaying a road driving simulation, see Figure 5.10. However,
due to a last-minute issue with room availability, the location had to be changed.
Finding a suitable space to accommodate the Buck proved difficult, resulting in the
tests being conducted in three different locations. To maintain consistency across
test sessions, it was decided that none of the participants should use the driving sim-
ulator. Instead, a computer was placed on the dashboard of the Buck (see Figure
5.11), playing a video of a recorded road drive to simulate the experience of driving
for the participants.

Figure 5.10: The initial set-up of the Buck with simulator

Audio was recorded during all sessions. Prior to starting the test session, all partic-
ipants signed a consent form and filled in a demographic survey (see consent form
and demographic survey in Appendix B). The test was structured into three parts,
conducted in the following order: usability test, User Experience Questionnaire Plus
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(a) (b)

Figure 5.11: The buck in the (a) second and (b) third test rooms

(UEQ+), and a semi-structured interview (the UEQ+ and interview questions can be
found in Appendix B). Before the usability test began, participants were presented
with a scenario that they were asked to keep in mind throughout the session.

The scenario was designed to provide a consistent context for all participants, sim-
ulating a longer trip where the ability to charge the EV was limited. The aim was
to encourage participants to consider how best to manage and extend the estimated
remaining range, potentially through the use of the R.O.- and tip-functions. The
scenario was presented as follows:

You are going on a trip to visit friends or family, with a few passengers in
the car. The journey is approximately 470 km, and your current estimated
range is 480 km. There are no charging opportunities along the route, but
you will be able to charge as soon as you reach your destination. Your task
is to reach your destination without running out of range.

During the usability test, participants imitated driving the Buck while a road drive
video played to simulate a real driving experience. They were instructed to use the
‘think aloud’-method, verbalising their thoughts and and reactions to the prototype
in real time. As mentioned previously, all spoken feedback was recorded and later
transcribed for analysis.

After the usability test, participants filled out the UEQ+ to provide quantitative
data to allow for comparison between design versions 1 and 2. This was then followed
by a semi-structured interview, which gave participants the opportunity to provide
more open-ended feedback while still maintaining consistency across participants.
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5.3.3 Second Iteration Data Analysis
The analysis was divided into two parts; a thematic analysis was conducted for the
qualitative data, while box-plots and means, medians, and standard deviation were
calculated to illustrate the quantitative data.

Thematic Analysis

The thematic analysis was carried out in Miro [56], as described in Section 4.3.3.
The analysed data included qualitative data from both observations and interviews.
Pre-defined categories are represented by colours, such as DIM, CSD, and tips. For
each category, themes were found as shown in Figure 5.12 from which conclusions
could be drawn.

Figure 5.12: Thematic Analysis of the final evaluation

UEQ+

The questionnaire used was based on the UEQ+ method [70]. The UEQ+ measures
UX utilising six scales, which are relatively long. Therefore, for this project, the
questionnaire was shortened to only include three scales for assessing tips (usefulness,
perspicuity, and attractiveness), two scales for CSD (perspicuity and efficiency), and
two for DIM (perspicuity and efficiency). All scales were measured through different
adjectives rating from 1 to 7 (low to high), see Appendix B for the full questionnaire.

5.3.4 Second Iteration Results
This section begins with presenting the results from the thematic analysis. There-
after, the conclusions drawn from the UEQ+ are presented.
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Results from the Thematic Analysis

The following list presents and elaborates on the findings of the thematic analysis,
labelled H1-H7.

H1: The most important factor in the R.A. interface is the estimated range.

H2: Drivers want to be able to toggle and choose between what is visible in the
IVIS.

H3: The majority prefer having range information in the DIM rather than the
CSD.

H4: The idea of having tips is good but the driver might not want them when they
are more experienced.

H5: Tips need to be easy to read and show a good connection to the range elements.

H6: It is important how the features in the R.A. are grouped and that the features
have a position that matches their level of importance.

H7: It is important to have clear, visual feedback when activating a function such
as the R.O..

H1 Most imprtant information in R.A.

When asked about what they think is the most important feature in the R.A. app,
the participants were in agreement. Everyone answered that the estimated range is
what they care about most. The second most important feature the participants
mentioned is the range element driving style. They wanted to understand how
driving style affects energy consumption and what they can do to drive more energy
efficiently.

H2 Toggleable information

One aspect that was important to many of the participants was the ability to cus-
tomise what information they can see in the IVIS. This was mentioned mostly when
it comes to what information should be visible in the DIM, such as tips and range
elements. This is apparent in a participant comment on having tips in the DIM:

“And as long as you as a driver can choose, I think that it is great. Then
you can choose yourself whether you want to see it there or not.”

H3 Non-exclusive information

Twelve participants mentioned that they prefer having the range information in the
DIM rather than in the CSD interface. One reason that re-emerged amongst the
participants was that the DIM has the important information that you want to see
while driving. They felt that it makes sense to have the range factor information
there so that the driver can get a quick overview of it and change their driving
accordingly. Additionally, it was mentioned that there is a risk factor involved in
looking at the CSD for too long, as it requires the driver to look away from the
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road. This was used as an argument by participants as to why they preferred
having information in the DIM rather than the CSD. In the following three quotes,
participants mentioned that they prefer looking at the DIM interface.

“I would rather choose to have it here (DIM) than having it here (CSD)
when driving. When you want to change something like driving style
amongst other things, it is a lot easier to see it there (DIM) than having
to glance down (at CSD). So I prefer to have it in the DIM.”

“It is good. It is good because I can sometimes feel that, it is really good
information in the CSD, but at the same time there is a risk when you
look down at it (CSD) instead of the road, so it is easier to keep the
gaze on the DIM while driving.”

“...for it is not always that you have this (CSD, Range and Trip) opened.”

H4 & H5 Tips

The general input on the tip function was that participants liked getting tips. They
found it good that the content of the tip was dynamically connected to the range
elements, which they could use to improve their driving and their understanding of
the range elements. It was mentioned by participants that it is important for the
tip to be short, so as to not take too much time to read while driving. This also ties
back to H3, that it is easier and safer to glance at the tip were it visible in the DIM
interface.

“What I don’t like is that tips are positioned there (pointing towards
the CSD). If there should be tips they should be easy to read, and then
I don’t want to look away from the road for too long. Short tips but
having them higher up.”

In the quote, the participant also mentions that they would prefer having the tip
higher up on the screen to make it easier to find and read while driving. However
opinions differed between some of the participants. Three participants mentioned
that tips is a feature that they might have activated as a new EV driver, or with
a new vehicle, but eventually turn it off once they have seen all the tips. Others
mentioned that they would like to always have continuous guidance by keeping tips
on, as seen in the quotes by these two participants:

“If it is possible, I want to be guided more as a driver.”

“If I sit down in a new car it (tips) is really good, and maybe the first
couple of months if I am new at driving an EV. Otherwise I can turn it
off, so it (the tips function) won’t hurt anyone.”

H6 Hierarchy of information

The R.A. got positive feedback on its layout, especially the clustering/grouping of
elements. The participants found it easy to find and understand information since
everything was intuitively positioned together. One participant said it in this way:
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“I like that this is grouped together, that you have both instant con-
sumption, average consumption and range gathered like this. And I like
the clarity of what affects my energy consumption. Because then you as
a driver are given the opportunity to influence the range and such. So I
think it is easy to understand, and I like that it is gathered and grouped.
I like that it is clear.”

One participant mentioned they wanted to change the placement of the tips. They
felt that it was hard to find and therefore also hard to read. Their idea to fix it was
to move it higher up in the R.A. to a more "prime" location. Additionally, a concern
that arose was that participants do not want too many elements in the application
interface, as it can easily get too cluttered. This was especially a concern for the
DIM since it is much smaller than the CSD. Two participants said this when it
comes to the design of the DIM, that it should be kept clean and only contain the
most important information.

“Because too much information gets too annoying.”

“You should probably not mix in too much, it should be pretty clean,
I like that the DIM is kind of small. It should contain what is most
important.”

H7 Visual feedback

The feedback given to the driver when they activated the R.O. was found to be very
clear, as expressed by ten participants. For example, one participant mentioned that
they liked how the difference in range was highlighted and subsequently updated
with the new range estimation, as seen in the quote below.

“What is happening was super clear. That is the difference, and then it
updates.”

Participants also liked the fact that they could activate the R.O. and tip-function
separately. One participant mentioned that they would like to have the tips function
on without the R.O..

“If you don’t have the Range Optimiser on but you wanted to have tips
on. It can still kind of tell you if you are driving a little jerkily right now
or if it’s alright.”

Results from UEQ+

The quantitative data was collected in two sets, one set of data from evaluating each
version of the second iteration prototype. As mentioned previously, the adjectives
for evaluating the different aspects of the prototype were measured through a scale
of 1 to 7. Within each set, separate box plots (Figures 5.13, 5.14 and 5.15) and tables
(Tables 5.1, 5.2 and 5.3) were made for tips, CSD, and DIM, respectively. These
visualisations along with the mean, median, and standard deviation values were used
to check for any large differences between versions. As only minor differences were
found, it was decided that data from both versions would contribute to the final
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design recommendations. These recommendations thereby do not enforce any one
single solution, but can inspire a range of different yet viable interface designs.

(a) Version 1 (b) Version 2

Figure 5.13: Box-plots for the evaluated tips aspect

Table 5.1: Mean, median, and standard deviation values of the evaluated tips aspect

Version 1 Version 2
Mean Median SD Mean Median SD

Usefulness 5,75 6 1,16 5,63 6 1,41
Attractiveness 5,67 6 1,09 5,63 6 1,53

Perspicuity 4,88 4,5 1,36 6,5 7 0,93

(a) Version 1 (b) Version 2

Figure 5.14: Box-plots for the evaluated CSD

Table 5.2: Mean, median, and standard deviation values of the evaluated CSD

Version 1 Version 2
Mean Median SD Mean Median SD

Perspicuity 5,63 6 1,67 6,38 7 0,81
Efficiency 5,79 6 1,25 5,83 6 1,09
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(a) Version 1 (b) Version 2

Figure 5.15: Box-plots for the evaluated DIM

Table 5.3: Mean, median, and standard deviation values for the evaluated DIM

Version 1 Version 2
Mean Median SD Mean Median SD

Perspicuity 5,81 6 1,64 6,19 6,5 1,11
Efficiency 5,33 6 1,71 5,58 6 1,41

5.4 Final design recommendations
The preceding analyses resulted in ten design recommendations. This section will
begin by providing an overview of these design recommendations and subsequently
go on to explain each recommendation in more detail. The design recommenda-
tions bring forward points for consideration when designing a range estimation- and
assistance-interface in the IVIS. User characteristics and the level of interaction the
users can execute while driving (see types of requirements and guidelines for creating
design suggestions in Section 4.2.5) have been considered when creating the recom-
mendations. The overview can be seen in Table 5.4, where each recommendation
has a title, a short description and a list of references from which it was derived.

Table 5.4: List of final design recommendations

Design Recom-
mendation

Description Source

R1 Customisation
of information

Allow the driver to decide and toggle the
type and amount of information shown in
the range interfaces in the IVIS.

[L9],
[H2],
[H3]

R2 Non-exclusive in-
formation

The information from the range assistance
interface on the CSD should not be exclu-
sive to just the CSD, but should be made
available on the other screens in the IVIS
as well.

[L2],
[H3]
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R3 Safe driving and
the use of IVIS

To ensure the IVIS do not pose as a dis-
traction to the drivers, the type of informa-
tion displayed on the interfaces needs to be
considered carefully. The driver should be
able to get the most important informa-
tion from a quick glance at the DIM, and
if more information is needed, it should be
found on the CSD.

[H2],
[H3]

R4 Hierarchy of in-
formation

The most important elements should be
put at the "prime" spots on the screen,
where they are visible and easy to locate
for the driver. Regardless if it is a func-
tion or just information, hierarchy should
be considered when designing a range in-
terface.

[H1],
[H6]

R5 Minimise clutter When displaying information on the
screens in the IVIS, it is important to con-
sider the amount of visual elements in the
design. The screen layout cannot be too
cluttered, or else the visual load for the
user will be too high.

[L1],
[H6]

R6 Clear visual feed-
back

Feedback from toggling range functions on
and off should be clear and visible to the
driver, accurately signalling that the ac-
tion has been carried out.

[H7]

R7 Tips for optional
coaching

The driver should have access to optional
coaching to achieve a more energy efficient
driving behaviour. This coaching could be
in the form of tips or recommendations.
The tips should be insightful for drivers
with little to no EV experience by pro-
viding them with new information. For
experienced drivers, the tips should serve
more as recommendations rather than new
knowledge.

[Q2],
[L10],
[L11],
[H7]

R8 Present simple
and readable
tips during driv-
ing

Keep tips short and concise, making it
easy for the driver to read and understand
the information while driving.

[L1],
[L11],
[H5]
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R9 Relevant tips
connected to the
range factors

The information in the tips should be
directly associated with range elements
shown on the range interfaces in the IVIS.
The tips should be easy for the driver to
comprehend and the terminology in the
tips should be relatable to the individual
range elements.

[L11],
[H5]

R10 Independent
control of tips
and Range Opti-
miser

The tips function should not be bound to
the Range Optimiser function, meaning
the driver should be able to turn on one
without affecting the other.

[H2],
[H7]

R1-R3 Information

The desired information in the IVIS varies from driver to driver, which makes it
difficult to create one design that fits all. Instead, participants mentioned that
they would like the option to customise what information they are shown in the
IVIS. They also remarked that they would like different kinds of information based
on the kind of trip they take, such as commuting to work or longer vacation trips.
Additionally, the information should not be confined to one screen, such as the CSD,
but made available on whatever interface the driver chooses. This is based on the
positive feedback that was received on having the range information in the DIM
interface, and the possibility of choosing when it should be displayed.

There is a risk every time the driver needs to look away from the road, which makes
it imperative that the information on the interfaces in the EVs is easy to understand
and only requires a quick glance to take in. If the driver needs more information
than might be available in the DIM, they should be able to find it in the CSD as
long as it is safe to do so.

R4-R5 Hierarchy and layout

When designing an interface for an environment such as a car, it is important to
make sure that the driver can find the relevant information without adding too much
to their cognitive load. Therefore, it is important to rank the necessary elements
by importance and place them accordingly. In the first iteration testing, the par-
ticipants mentioned that it was reasonable to have the interactive element high up
on the screen where it is easy to find while driving, so as not to negatively affect
the cognitive load of the driver. It is vital that only the elements relevant to the
interface are incorporated.

R6 Visual feedback

The participants mentioned that they liked having more visual feedback concerning
what actually happens when the R.O. feature is activated. It was also appreciated
that the feature had a descriptive text explaining what it does. With the addition
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of these two features to the R.O., the participants felt that they had a better un-
derstanding of its function and why one would want to activate it. Overall, having
a range optimising feature like a R.O. was found to be very valuable.

R7-R9 Tips

The tip function in the R.A. interface received mixed opinions from the participants.
Some participants remarked that they would use tips once and then likely turn them
off, while others felt that they would consistently need it to properly understand the
newer features of an EV. Therefore, tips should be an optional function that a driver
can turn on or off based on their level of knowledge and comfort of driving an EV.
Participants liked that the tips in the prototype were connected to the R.A. elements
and thereby indicated how the driver could change their behaviour to maximise their
remaining range. It is, however, important to keep in mind that tips need to be kept
short, concise, and easily understandable.

R10 Independent control

Connected to recommendation R1, the participants wanted to be able to choose
what function they have activated while driving. For example, it was mentioned
that they might not need or want the R.O. on, but might want tips to learn more
about energy consumption or how their driving style is affecting the range. For this
reason, they expressed that they did not want the tips function to be built into the
R.O.. It is therefore important to keep the control of these features separate, so that
they are not bound to each other.
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Discussion

This chapter discusses the various aspects of the thesis, starting with the results of
the delivered prototype of the range estimation- and assistance-interface in the IVIS,
in combination with the design recommendations for such an interface. Thereafter,
the execution of the research will be discussed in relation to existing theories and
research. Lastly, the limitations and ethical considerations of this project will be
discussed, followed by a discussion on potential future work.

6.1 Results
The goal with this thesis project was to explore if there is a knowledge gap amongst
EV drivers, the reasons behind drivers’ dissatisfaction, and mistrust towards the esti-
mated range in EVs, and to identify the areas needing improvement in the IVIS. The
end goal was to deliver a prototype of a range estimation- and assistance-interface
alongside a design recommendation list, and in doing so, also answer the research
question:

What are some of the features that could be improved in the range in-
terfaces on the in-vehicle information systems to better help the driver
understand and trust in the range estimation?

Through the perspective of UX and RtD, and the application of IxD with a UCD
approach, a set of design recommendations and a prototype of a range estimation-
and assistance-interface were produced. This was done under the guidance of the
stated research question, with the purpose of fulfilling the aforementioned goal of
this thesis project.

The Usage and Future of the Prototype & Design Recom-
mendations
The prototype of the range interfaces in the IVIS should not be seen as a future
version of the range interfaces that Volvo will be developing and releasing, but
should instead be seen as a source of inspiration for designing similar interfaces for
range in the IVIS. It should also be noted that, from the final evaluation in the
second iteration, it is apparent that the prototype can still be refined and improved.
Its main purpose was to confirm the findings from the first iteration, but to also test
suggestions from the first iteration. Therefore, it is reasonable to say that not all
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features and decisions behind the design of the final prototype have gone through
enough evaluation for it to be seen as a well-established recommendation or version
for a range interface.

When it comes to the design recommendations, they should also be seen as guidelines
and recommendations, and not strict requirements. The purpose of bringing forward
a recommendation list is to provide a tool for designers when developing a range
estimation- and assistance-interface. The recommendations can be used throughout
the whole design process, but they are especially valuable in the earlier phases when
the designer needs to create an understanding of what features are important and
necessary for the EV to relay good and trustworthy range information to the driver.
It is important to note that the recommendations do not explicitly state how the
information on the range interfaces should be visualised, but rather the type of
information that should be included and the aspects the designer should consider
when designing such an interface.

Both the prototype and the recommendation list have been created with today’s
use of the range interfaces in Volvo EVs as a reference point. We are still only at
the beginning of the transition between ICEVs to EVs, and it is not unthinkable
that the interactions between the drivers and the range applications in the IVIS
will evolve and change in the future. Therefore, the recommendations will have
to be reviewed and updated in the future, should they be kept as a guiding tool
for designers. Although the current recommendations might evolve and change in
the future, the general need for a good understanding of range and energy efficient
driving behaviour will most likely continue to be a strive, so recommendation lists
or general design guidelines for range interfaces in IVIS will remain as a need even in
the future. It is, however, important to acknowledge the fact that in the future, when
we are further into the transition to electrification, the general knowledge of range
and EVs will most likely be higher, resulting in a decreased demand for feedback or
information to increase the knowledge. At that time, the recommendation list will
therefore need to be updated and tweaked towards perhaps a more experienced user
group.

The Prototype & Design Recommendations in Relation to
the Literature
The findings from this thesis project are not only based and supported by the user
research done throughout the project, but also by the literature. The final prototype
and the ten design recommendations developed in this thesis project show strong
alignment with findings from the literature on nudging and behaviour-guiding UI
design. For instance, recommendations R7-R9 - focused on optional coaching, con-
cise tips during driving, and relevance to range factors - reflect the importance of
personalised feedback nudges, as demonstrated by Choudhary, Shunko, Netessine,
et al. in Section 2.5. Their study showed that the nudges tailored to a driver’s per-
formance (such as a personal best-score, or an average-score) led to improvements
in driving behaviour, suggesting that feedback grounded in drivers’ own data can
positively influence safe driving. This principle is reflected in R7-R9, where the goal

52



6. Discussion

with those recommendations is to nudge the drivers toward a more energy-efficient
driving behaviour through timely, relevant, and easily understandable feedback.

In addition to supporting behaviour through nudging, several of the final design
recommendations directly address concerns around cognitive load and driver distrac-
tion, as highlighted by Engström, Markkula, Victor, et al. [30] and Kountouriotis,
Wilkie, Gardner, et al. [34] in Section 2.4. For example, R3-R5 aim to reduce the
visual and cognitive complexity of the range estimation- and assistance-interface,
supporting the principle that clear and minimal displays can help avoid overwhelm-
ing the driver’s cognitive resources. Engström, Markkula, Victor, et al. [30]’s concept
of cognitive control suggests that excessive cognitive load impairs driving tasks such
as lane keeping and traffic monitoring, which are essential skills for safe driving. By
following R4-R5 and placing important information in "prime" screen locations and
avoiding clutter, designers can help ensure that drivers do not engage in unnecessary
search or processing, which reduces mental effort and distraction when interacting
with the range interfaces. Similarly, R1 about customisation of information aligns
with the goal of reducing cognitive interference by allowing drivers to control the
amount and type of information displayed. R1 supports both novice and experienced
users by limiting non-essential data that might otherwise draw cognitive resources
away from driving, creating an unsafe driving environment. Moreover, R6 about
having clear visual feedback is essential in ensuring that interactions with the IVIS
are quick and intuitive, and only require short attention time. This helps the driver
maintain gaze direction and reduce off-road eye fixation, which was something that
Kountouriotis, Wilkie, Gardner, et al. [34] identified as a risk factor for impaired
steering control (as previously mentioned in Section 2.4). Together, these design
recommendations incorporate cognitive science principles into the design research
to support safe and focused driving. One important consideration for incorporating
for example a tip-feature in range interfaces, is that although participants might
express positive feedback during tests of the product, it is still difficult to conclude
whether it will be an appreciated feature in practice. To truly test visual load and
cognitive load in relation to the use of nudging, the need of longitudinal studies
remain.

The design recommendations also address factors related to trust in digital interfaces
and IVIS, as outlined by Dwyer [26] and Franke, Trantow, Günther, et al. [28] in
Section 2.2. Recommendations such as R1-R2 about customisation of information
and having non-exclusive information directly support the development of trust by
enhancing transparency and user control. This allows drivers to customise and tailor
the range interface to their preferences and access it across multiple screens. This
aligns with the idea of chameleon interfaces introduced by Dwyer [26] in Section 2.2,
which adapt to individual user needs and promote confidence in system reliability
through both familiarity and flexibility. Additionally, R6 about visual feedback
also ensures that drivers receive immediate confirmation of actions taken within the
interface, which is important in maintaining trust especially since even one small
confusing or failed interaction can significantly undermine user confidence [26].

From Franke, Trantow, Günther, et al. [28]’s perspective, range estimation inter-
faces play a central role in either building or weakening trust in IVIS (as seen in
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Section 2.2). When drivers perceive the estimated range as inconsistent or poorly
explained, it leads to increased range anxiety. As research shows, range anxiety (par-
ticularly among non-EV-users) is a major psychological barrier to EV adoption [20],
[19]. Recommendations like R7-R9, which suggest giving clear, concise and context-
related tips, can help reduce this range anxiety by educating drivers on what factors
influence range in an accessible format, supporting the drivers in forming accurate
mental models of the systems [19]. R3-R4 also address the need to convey impor-
tant range information without overwhelming the driver, which might help drivers
understand the fluctuating range values that occur sometimes.

Overall, the final prototype and the design recommendations aim to build and
strengthen interface trust for the drivers, and thus also reduce uncertainty that
might exist surrounding usage of range interfaces. This supports a smoother psy-
chological transition to EV usage by directly addressing the cognitive and emotional
aspects of range anxiety.

6.2 Execution in Relation to the Literature
This section reflects on the execution process of the study, discussing decisions made
during the design and implementation phases. It also discusses how these findings
relate to relevant theories and previous research in the field.

Sampling for User Research
During the thesis project, only Volvo Cars employees were part of the user research,
apart from the evaluation of the low-fidelity prototype where interaction design
students were recruited instead. The sampling for this project might have created
some biases that are worth discussing. Starting with the gender distribution - the
majority of the participants involved in the research were men, with the exception
of the evaluation of the low-fidelity prototype where the gender distribution was
more equal. The recruitment for the evaluation of the high-fidelity prototype was
done solely amongst the questionnaire respondents, where there was already an
uneven gender distribution. This indicates that the majority of the data used for the
research for this project was from men, and it should be noted that the results from
this project therefore might not be representative of the general user group of EV
users when it comes to gender representative findings. It is also worth to note that
the majority of the respondents and participants leaned toward the middle or higher
age group, and younger or new drivers were not represented as much. It is therefore
possible that the age and gender distribution from the project participants may have
created biases, meaning the values and beliefs about energy efficient driving found
in this project might not be fully representative of the whole EV user population.

Another aspect to consider is that the majority of our participants were Volvo Cars
employees, which might have affected their knowledge level about range and EVs, as
well as different factors affecting energy efficient driving. It could be assumed that
although the participants for this research were not directly employed at the energy
efficiency or sustainability teams, their general knowledge about this field might
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still be higher than the average user, as it is easy to get information from casual
chatting with other employees at the company. An attempt to gather some outside
opinions and reviews was made for the evaluation of the low-fidelity prototype, but
that specific evaluation also did not focus on user’s knowledge about range and EVs,
therefore, it is reasonable to argue that it might not have made a big difference
to include outside participants there. However, in the end the user data from this
project is still more representative of users with a higher level of technical knowledge,
potentially biasing the findings toward the experiences and expectations of more
advanced EV drivers, rather than the broader user population.

The Utilisation of Research Through Design
Throughout the thesis project, the theory of RtD has been implemented as a tool
in the research process. Part of the research focus has been on prototyping design
concepts based on user requirements found from user research, along with the evalu-
ation of the design concepts. The research was conducted specifically with the goal
of getting user insights and valuable data that could be used as a foundation for the
development of design recommendations, which is one of the common outcomes in
RtD as Gaver [41] highlights.

The Impact of Interaction Design
The research, high-fidelity prototype, and design recommendations presented in this
thesis project have been fundamentally shaped by principles of IxD, particularly
those tied to usability, UX, and UCD. Rather than focusing solely on interface aes-
thetics or functionality, the design process was driven by a deep understanding of
user needs, behaviours, and to a certain degree the real-world context in which EV
drivers operate. This IxD approach ensured that the design recommendations extend
beyond the boundaries of the prototyped interfaces to support broader interaction
goals, such as reducing range anxiety, improving the relay of information from IVIS
to drivers, and fostering trust in system feedback among EV drivers. This thesis
project has been grounded in iterative methods such as the Double Diamond frame-
work [46], including phases of user research, prototyping, and evaluation, all based
on real user involvement. The use of questionnaires and evaluative testing sessions
with actual EV drivers ensured that the insight gathered was both context-specific
and experience-driven, aligning with UCD’s emphasis on designing with users rather
than just for users [43].

The application of usability principles contribute to solutions that encourage effi-
cient, learnable and low-error interactions [43]. This thesis project has deliberately
tried to follow the usability principles, because these attributes are particularly im-
portant in the context of EVs, where especially beginner EV drivers might encounter
unfamiliar terminology and system behaviours related to energy consumption and
range estimation. By integrating IxD theory throughout the development and exe-
cution process, this research emphasises the importance of aligning design outcomes,
in this case design recommendations, with real user needs and capabilities.
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Bias in the research
Throughout the process of data analysis and development of the design recommen-
dations, bias was taken into consideration. Confirmation bias was one of the most
commonly occurring ones in the fields of design according to I. Saygı and Y. B. Saygı
[38]. By having more iterations of data collection, the risk of confirmation bias oc-
curring has been lowered, as each iteration revealed new insights and thus reduced
the risk of the researchers seeking out information that only confirmed pre-existing
beliefs. To minimise bias in this thesis project, more focus has been put on UXR
to form a better understanding of the users’ needs, behaviours, pain points and
motivations. Following the recommendations of Purdy [37], as described in Section
2.6, we have educated ourselves more about the common biases that occur during
research in design, and to minimise these we have also tried to keep a balance be-
tween openness to new ideas and critical thinking about decisions throughout the
thesis project. Purdy also recommends actively working and seeking out others with
different experiences and opinions, which has been difficult for this project, as the
participant recruitment was done entirely through a separate team at Volvo Cars.

However, despite the many attempts of minimising bias in our research, some bias
might still have appeared. Aside from the previously mentioned potential gender,
age, and knowledge biases, according to Elston [39], survey studies are also the ones
most likely to be affected by participation bias, especially when the response rate is
below 60%. To minimise bias in the questionnaire, the survey questions were thor-
oughly evaluated and reviewed by different researchers. However, the questionnaire
survey had a response rate of 43%, which is lower than the recommended threshold
level suggested by Elston. This implies that the questionnaire survey might have still
been affected by some level of participation bias. More about the impact of this bias
and the limitations will be discussed below in Section 6.3. Additionally, having only
participants with an IxD background for the evaluation of the low-fidelity prototype
in the first design iteration may have biased and affected the later design decisions.
For example, the quote in [L1] expressed a preference for the toggle-button for the
R.O., since “everyone knows what a toggle-button looks like”. One can argue that
a design knowledge bias may have affected the evaluation results here, and that the
toggle-button is not as intuitive to people as the participants stated. It would there-
fore have been better include a bigger variety of participants, to minimise eventual
design knowledge bias.

6.3 Limitations in the Research
This thesis project is not without limitations, as mentioned in Section 6.2, there
might have been some participation bias in the questionnaire that was carried out
to understand the users, as the response rate was 43%, which is lower than the
recommended threshold at 60% [39]. The questionnaire was sent out through an-
other team at Volvo Cars, and we had no control of how many it would be sent to.
Additional demographic data was obtained during the analysis of the data. Having
a participation bias would mean that the results from the questionnaire mostly only
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reflect the knowledge and opinions of EV drivers with an opinion about range and
energy efficient driving, and there is a risk that the questionnaire results do not
represent all EV drivers in Sweden.

Furthermore, even though the questionnaire did not show a knowledge gap, it is
important to consider the fact that a questionnaire study in itself is very limited to
only collecting self-reported data. Because of this, there is a possibility that respon-
dents demonstrated a higher knowledge level than they actually possess, potentially
resulting in an incomplete representation of their actual knowledge.

As mentioned in Section 5.3.2, there were some last minute changes to the testing
procedure room. Therefore, in order to minimise biased differences in the results,
the driving simulator was not used in the end. It would have been ideal to conduct
all the tests at the same location to minimise the possible effect the difference in
rooms might have had on the participants. Aside from the potential effects from
using three rooms, another limitation was using only a road drive video, and not
the driving simulator, to test the prototype. Additionally, the test was conducted
using the Buck for the usability testing, and not carried out in a real car. Had
there been possibilities of uploading the range interface prototypes in a real car,
the testing would have been much more realistic in putting the participants in a
real-life scenario. However, that would have come with safety concerns regarding
for example how fast the participant would need to drive to see the range factor
metre for speed change, or how high the cabin temperature would have to be set to
see the range factor metre for climate change and so on. Therefore, it was decided
that opting for a driving simulation method for the usability test would be the most
optimal and safe option for both the authors, company, and all participants.

Another limitation for this research is the time aspect. This thesis project has been
carried out over the span of one academic semester. As with most thesis projects,
there is the argument that more time for the project would have provided better
chances for potentially improved results. With more time, more iterations could
have been carried out, and the range interfaces could have been polished even more
while strengthening and refining the design recommendations. However, improving
the UX of energy usage for EV drivers is a need that will always exist as long as EVs
are relevant for the society. Because the transition between ICEVs to EVs is still
only just starting, one could argue that even if the project for example had been
carried out over the span of one year, the findings would still need to be revisited
and updated as we progress further into the transition. This is because the findings
of this thesis project is directly related to the user population’s current knowledge,
behaviours, needs, and that the current status will always be changing as time
passes.

6.4 Ethical and Societal Considerations
Throughout the project, ethical principles were carefully upheld to respect partici-
pant privacy and data integrity. During the data gathering phase, all participants
were informed about the data handling in line with Volvo’s policies and provided
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informed consent. No data was collected before the participants had signed the
consent form for data collection. Their anonymity was maintained throughout the
whole data analysis, and participants retained the right to withdraw at any point,
with their data subsequently removed and destroyed. In the evaluation phases, user
data was treated with the utmost care to ensure confidentiality and minimise bias.
Transparency was maintained in communicating how participant data would be used,
and the data analysis was conducted fairly to accurately represent user perspectives.
After this thesis project was completed, participants were provided with the results
and findings.

Reflecting on the process, prioritising ethical considerations aimed to build trust
with participants and thus enrich the quality of the insights gathered. However,
challenges such as ensuring consistent understanding of consent and balancing par-
ticipant comfort during interviews highlighted areas for potential improvement in
future work. Going forward, continued emphasis on transparency, participant well-
being, and secure data management remains essential for ethical user research, es-
pecially if future work includes usability testing in real road scenarios, where even
more safety concerns exist.

Some of the societal considerations for this project could be about the influence
and impact of such a project. What impact would the results have on EV users, if
the design recommendations were to be taken into account when designing the next
range interface? Studies like this project is a crucial part of the transition between
ICEVs to EVs. With constant improvement of the UX of range and energy usage,
and better coaching possibilities for using the different IVIS in EVs, the threshold
for learning about EVs would lower. This would make EVs more accessible to people,
and even people who originally viewed EVs as too modern or technological could
also easily understand the systems and concept of consuming energy from a battery
when driving. As EVs become more accessible to people, there is also a higher
chance of reaching the climate targets [4] by reducing global emissions, leading us
to a more sustainable future.

6.5 Future Work
Future work should not only focus on further improving the UX of energy use and
range for EV usage, but also focus on refining the research methods. As mentioned
above, this thesis project is not without its limitations. Consequently, there are a
few perspectives and directions that future work in the same field could take.

Further User Research

For user sampling, this project had the limitation of only researching Volvo users who
were Volvo Cars employees. The knowledge bar amongst users might therefore not
be fully representative or generalisable for the whole EV user population. The study
could therefore benefit from further user research, preferably with a broader user
sampling across several different brands of EVs to provide representative findings. It
is also worth considering that the EV usage might differ across countries and cultures,
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where driving behaviour is different, and therefore research in that direction could
also provide valuable insight regarding energy efficient EV usage.

Coaching & Gamification Approach for Energy-Efficient Driving

While conducting the user research, it became apparent that the drivers believed
in the importance of energy efficient driving, both for financial and environmental
reasons. Although a knowledge gap regarding range was not found through the
questionnaire, many users still wished to learn more about estimated range and how
to better control their energy usage, partly for psychological reassurance. This thesis
project has mainly been carried out with an IxD perspective, and has therefore not
explored much outside the scope of IxD and improving current UIs. One part of
this study’s findings focus on incorporating tips and guiding users towards a more
energy efficient driving behaviour, or at least providing them with the information
needed to make a decision regarding their driving behaviour. Future work could
focus more on how to better motivate and coach EV drivers to drive more energy
efficiently. For that purpose, perhaps coaching and gamification approaches could
be considered, and more research about how personal scores affect users’ motivation
can be conducted, which also aligns with Choudhary, Shunko, Netessine, et al. [36]
findings.

Expanding the Focus to Applications & Interfaces Outside the Car

The focus of this research has been on range estimation- and assistance-interfaces in
the IVIS, and the thesis project has not explored applications and interfaces outside
the car. Future research could therefore focus more on systems outside the car,
such as the range calculator mentioned in Section 1.1, or the Volvo mobile phone
application. Part of the current knowledge gap amongst novice EV users could
presumably be tackled by expanding the research focus to applications outside the
car, as an attempt to improve the UX from another direction. Some suggested
approaches could be to improve the range calculator to educate future EV users
before they even purchase their EV, providing them with more examples of real-
world range situations, or adding complementary range information in the mobile
phone application. It could also be worth to explore interfaces and applications
about range across different car brands, similar to conducting a benchmarking study.

Exploring Further Improvements in Regards to Customer Satisfaction

The research question of this project has been focusing on the trust aspect in the
UX of EVs. Although the design recommendations and the prototypes developed in
this project provided a solid base for research in this area, it is important to discuss
the differences between UX and customer satisfaction. With theories and principles
from IxD and RtD shaping this project, non-design solutions have not been focused
on when answering the research question. As touched on in the previous Section
6.1 about cognitive load and nudging in relation to the findings in this project, the
final design recommendations are grounded in both literature and research findings
from this project. However, customer satisfaction might not necessarily be the same
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as UX. Customer satisfaction can be based on factors outside of just the UX of the
EV, and future work could therefore also expand and focus on improving customer
satisfaction from aspects outside the UX of EVs energy use and range, for example
through looking more into customer complaints.

Benchmarking studies

As mentioned in the earlier execution sections, a benchmarking study for this project
was reconsidered due to time constraints. Future studies should consider including
benchmarking analyses to examine how different car brands design and optimise
their range interfaces in EVs. By comparing the various approaches from different
car brands, researchers can identify features that are appreciated across different
brand users, and better design to enhance user understanding and management of
their energy consumption. It would also allow researchers to discover general needs
and pain points across EV users that still need to be addressed. Future research
could be based on the findings from this study, but could add more benchmarking
studies to complement the areas that were not covered in this thesis project.
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Conclusion

The aim of this thesis project was to research (1) what potential knowledge gaps that
EV-drivers have about range factors and the range interface in their EVs, and (2) how
the interface could be improved to help the driver understand and trust in the range
estimation to encourage a more energy efficient driving behaviour. The findings from
the project are a list of recommendations that are based on tests and evaluations
from two prototypes at different fidelity levels. The list of recommendations is an
answer to the following research question:

What are some of the features that could be improved in the range in-
terfaces on the in-vehicle information systems to better help the driver
understand and trust in the range estimation?

To answer the research question, a process such as the Double Diamond framework
has been followed, starting with data gathering to understand users, to then follow
up with prototyping and user testing. The data gathered was collected into lists
of key findings, which were then incorporated in the design processes of creating
prototypes. The feedback from the prototypes was analysed and compiled into a
final list of design recommendations:

R1 Customisation of information - Allow the driver to decide and toggle the
type and amount of information shown in the range interfaces in the IVIS.

R2 Non-exclusive information - The information from the range assistance
interface on the CSD should not be exclusive to just the CSD, but should be
made available on the other screens in the IVIS as well.

R3 Safe driving and the use of IVIS - To ensure the IVIS do not pose as a
distraction to the drivers, the type of information displayed on the interfaces
needs to be considered carefully. The driver should be able to get the most
important information from a quick glance at the DIM, and if more information
is needed, it should be found on the CSD.

R4 Hierarchy of information - The most important elements should be put at
the "prime"-spots on the screen, where they are visible and easy to locate for
the driver. Regardless if it is a function or just information, hierarchy should
be considered when designing a range interface.

R5 Minimise clutter - When displaying information on the screens in the IVIS,
it is important to consider the amount of visual elements in the design. The
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screen layout cannot be too cluttered, or else the visual load for the user will
be too high.

R6 Clear visual feedback - Feedback from toggling range functions on and off
should be clear and visible to the driver, accurately signalling that the action
has been carried out.

R7 Tips for optional coaching - The driver should have access to optional
coaching to achieve a more energy efficient driving behaviour. This coaching
could be in the form of tips or recommendations. The tips should be insightful
for drivers with little to no EV experience by providing them with new informa-
tion. For experienced drivers, the tips should serve more as recommendations
rather than new knowledge.

R8 Present simple and readable tips during driving - Keep tips short and
concise, making it easy for the driver to read and understand the information
while driving.

R9 Relevant tips connected to the range factors - The information in the
tips should be directly associated with range elements shown on the range
interfaces in the IVIS. The tips should be easy for the driver to comprehend
and the terminology in the tips should be relatable to the individual range
elements.

R10 Independent control of tips and Range Optimiser - The tips function
should not be bound to the Range Optimiser function, meaning the driver
should be able to turn on one without affecting the other.

An important note is that the prototypes created are not meant to be a final correct
design, but as a way of testing what should be included in this kind of interface, or
potentially as inspiration for what components one should include in such an inter-
face. Another important note is that EVs are still a relatively new technology that
is under continuous development, which means that the findings presented in this
paper will need to be updated and reevaluated to provide relevant recommendations
in designing range information interfaces. The recommendations in this project will
contribute to future designs and future recommendations for similar interfaces in
EVs. A potential next step would be to look into how coaching and gamification
features can be integrated in a range interface within the IVIS.
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A
Questionnaire

The following questions were asked in the questionnaire.

1. What model car (BEV) do you drive?

• EX40

• EC40/C40

• EX90

• None of the above

2. How long have you been driving a BEV? (current + previous BEV)

• Less than 6 months

• 6-12 months

• More than 12 months

3. What is your age?

• 29 or younger

• 30-39

• 40-49

• 50-59

• 60 or older

4. What is your gender?

• Woman

• Man

• Non-binary

• Other

• Rather not say

5. Do you work with any of the following (functionality and/or design): battery,
range, range assistant, range optimizer and other similar functions?

I



A. Questionnaire

• Yes

• No

6. Do you have the possibility to charge at home or at work?

• Yes

• No

7. Do you make any longer trips that require charging along the way (e.g. to
another city, summer house etc.)?

• Yes, weekly

• Yes, monthly

• Yes, every now and then during the year

• No, never

8. In what way do you use the range information? (Multiple answers possible)

• Plan trips

• Plan charging

• Assure your mind/Reduce range anxiety

9. Do you trust the range you see in the car? Why/Why not?

• Open ended

10. Do you feel like the range is changing in an unpredictable way? (Why/why
not?)

• Open ended

11. Do you use the Range Assistant?
(The range assistant is an in-car application to optimize range. It provides
information on estimated driving range based on current driving behavior and
real-time energy consumption data. Further, it gives feedback on the key
factors that affect the driving range; speed, driving style and climate control.)

Figure A.1: Image of the R.A. provided in the questionnaire to provide a reference
point for the users to clarify questions 5.
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• Yes

• No

12. (If no), Why have you not used the Range Assistant? (Multiple answers pos-
sible)

• Didnt know about it

• I dont understand it

• It didnt seem useful to me

• I prioritize other applications

• I dont like to be distracted while driving

• Other reason

13. Do you know what the factors that are shown on the Range Assistant mean?

Figure A.2: The Range Assistant provided together with question 13 to clarify what
part of the R.A. the question referred to.

• Yes

• No

14. (If yes), What is your understanding of what the different factors mean and
how they affect range?

• Open ended

15. Do you think there are any other factors that affect range, and if so, which
factors are there and how do they affect range?

• Open ended

16. How often do you use the Range Assistant for your trips?

(a) Never

(b) Couple of times a year

(c) Monthly

(d) Weekly

III
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