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Preface

The final reportis produced with financial support from Skyltfonden, Trafikverket. The positions, conclusions
and working methods in the report reflect the author and do not necessarily correspond to Trafikverket's
positions, conclusions and working methods within the subject area of the report.

This project has been interesting and enriching to implement. It has been interesting to get first-hand
information about how driver assistance systems work and are used by ‘regular users’. The material is rich
and the report unfortunately does not reflect all aspects and nuances of everything from daily annoyance
to joy and relief when you have been helped to avoid everything from a minor parking damage to a
potentially severe accident.

The report is more comprehensive than initially intended, chapter 3 contains generous quotes from the
group discussions, to illustrate the rich starting material. Readers short on time may consider this as
reference material to look up if necessary.

| want to take this opportunity to say a big thank you to everyone who helped to implement this project, not
least all the happy and friendly participants who so liberally shared their time and experiences, as well as
staff at Trafikverket, VTI, Norstat, Sprakservice, Science Park Jonkdping and Eksjo.nu
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Abbreviations and explanations
ABS - Anti-lock Braking System, prevents wheels from locking during hard braking, which allows some steering ability
to be preseved throughout the braking

ADAS - Advanced Driver Assistance Systems, collective name for driver assistance systems that can inform the driver
(FCW, LDW), intervene in their place (AEB, ELK) or reinforce/improve the driver's intervention (ABS, ESC)

AEB - Automatic Emergency Brake, brakes the vehicle if something is detected near ahead

AR — augmented reality — system that can present information superimposed on reality through, for example, a
reflection in the windscreen of a line-of-sight indicator — see also HUD = Head-Up-Display

BLIS—Blind Spot Information System, lights up an indication usually on the outside mirror when traffic is detected in
an adjacent lane.

DMS - Driver Monitoring System, monitors the driver to assess fatigue, sleepiness or distraction.
EDR - Event Data Recorder — crash memory/black box that records vehicle control parameters
ELK—Emergency Lane Keep, helps the driver stay in their lane by steering

ESC — Electronic Stability Control, helps the driver avoid skidding or rollover by braking individual wheels to
correct vehicle heading

FCW — Forward Collision Warning, alerts the driver with an audible or visual signal if the vehicle is fast approaching
other traffic or obstacles

HUD — Head-Up-Display, a display that displays information overlaid on the road surface, for example, by reflection
in the windscreen. Can be combined with AR to display relevant info overlaid on the road.

ISA-Intelligent Speed Adaptation, various forms of support to maintain the right speed. Caninclude sign recognition
and setting ACC to current speed.

LDW - Lane Departure Warning, warns the driver with an audible warning or vibration in the steering wheel if the
caris about to leave its lane. Now mostly replaced by LKA

LED Matrix headlights — a high beam solution that can see oncoming traffic with the help of a camera and can
locally dim the headlights instead of switching to low-beam, to improve forward vision in the dark.

LKA - Lane Keep Assist, helps the driver stay centred in the lane by steering back into the middle of the lane

NV — Night Vision, A system to facilitate night driving. A thermal camera films the road and surroundings ahead of the
car. The image is displayed on a monitor in the driver environment. Warmer objects such as pedestrians or animals are
clearly visible in the image, and in some cases warnings are given to draw attention to hazardous situations.

TA — Travel Assist, similar to LKA, but is often combined with ACC, and works to keep the vehicle centred in lane.
This constitutes L2 automation, as described below.

VRU, vulnerable road users, such as cyclists and pedestrians

Automation levels

LO: No automation The driver performs all driving; the system can warn

but neither controls nor regulates speed or direction.
L1: Driver assistance The car controls speed or direction,

the driver continuously monitors and is responsible for driving.
L2: Partial automation The car regulates speed and direction,

the driver continuously monitors and is responsible for driving.

L3: Conditional automation  The car drives itself under certain conditions,
the driver must be able to take over when prompted.

L4: High automation The car drives itself and is responsible within a
defined operational design domain (ODD).
L5: Full automation The car drives itself and handles all roads and weather

conditions without driver intervention.
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OPTIMISING FOR SAFETY, DRIVER
EXPERIENCE AND TRUST ALL AT ONCE ISN'T
POSSIBLE; ONE OF THEM HAS TO GIVE.
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Summary

The goal of the project was to investigate why drivers disengage driver assistance systems (ADAS), despite
the safety benefits they provide — a fundamental dilemma without a simple technical solution: effective
safety requires early intervention, but early intervention is often perceived as disruptive and causes drivers
to disengage the systems.

Through focus groups and a survey, we captured users’ experiences and attitudes. Six themes were seen as
important for the user's experience of ADAS, 1) User experience, 2) Knowledge and mental models, 3)
Technical limitations, 4) Trust and confidence, 5) System transparency, and 6) Driver autonomy.

The results around user experience indicate that drivers appreciate relief during routine driving, especially on
motorways, where adaptive cruise control (ACC) is considered smooth and helpful in maintaining distance
and speed. Lane Keep Assist (LKA), on the other hand, is often turned off on curvy roads, where it is
perceived as jerky or too intrusive. Systems such as Blind Spot Information System (BLIS) and Night Vision
are perceived positively for their ability to consistently assist the driver in situational awareness. Negative
user experience includes touchscreens that drivers consider distracting and unsafe compared to tactile
controls, or warnings that the driver is not in control of driving when steering assistance is engaged on
straight roads. Lane-keeping systems are perceived to criticise the driver's intentional lane positioning, for
example at water on the road or in corners.

Several of these phenomena are linked to Technical limitations, and drivers' knowledge of the systems does
not always include the reasons for such limitations. This in turn affects drivers' trust, which is crucial for the
use of ADAS. Trust is built slowly through positive experiences but can be quickly destroyed by occasional
negative events. ACC is generally trusted more than LKA, as it is considered easier and more predictable.
This approach is also reflected in the survey results.

Transparency and predictability emerge as key factors in maintaining trust. Drivers want to understand how
and why the system does what it does, and feel in control. There are shortcomings: error messages
sometimes appear only briefly, and systems rarely explain why they intervene. Drivers therefore demand
more detailed feedback, such as which sensor is dirty. More and better information and education about the
systems are requested, for example, they would like to have the opportunity to experience the systems'
interventions under controlled conditions on the test track.

Finally, driver autonomy is an important theme. The majority of drivers want to maintain control of the car and
see the systems as support rather than as something that takes over. The possibility of disengaging the systems
isseen by these drivers as a necessity, not a fault. A few of the drivers are instead enthusiastic about self-driving
cars and look forward to the opportunity to fully leave the responsibility for driving to the car.

Compared to a previous study from 2013 (Nabo et al.), attitudes towards automated driving are largely
unchanged, but the motive for using automation has shifted. In 2013, safety was the primary reason, while
comfort and relaxation are now the main drivers. Concerns about technical problems and costs have also
diminished, suggesting that the technology has become more accepted.

A comment on contemporary discourse on attention support (not studied here) is that systems such as BLIS,
Matrix headlights and Night Vision, which can be said to constitute perception support, are appreciated by
many participants. These broaden the driver’s information base and situational awareness, while attention
support rather assesses the driver's engagement. The two forms of support complement each other and
aim to better support situational awareness through earlier and more reliable road ahead information, an
approach that supports the driver’s anticipation and thus reduces workload.

Future research should build on this experience by developing systems that are more adaptable to driver
preferences and that tackle challenges such as reading the intentions of other road users. The following
recommendations are made: Increase transparency through clearer feedback about interventions and when
systems reach their limitations. Respect the autonomy of the driver, by making it easier to decide when to
use the systems. Strive towards calibrated trust, for example by showing what the system does not see or
explaining what the system is not capable of. Simplify everyday and frequent choices by returning to tactile
controls for frequent or safety-critical functions.
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USABILITY AND USER EXPERIENCE PLAY A CENTRAL ROLE
IN HOW WE USE TOOLS AND ASSISTIVE TECHNOLOGIES —
THE RIGHT CHOICE SHOULD BE THE EASY CHOICE
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1 Introduction and background

Usability and user experience play a central role in how we use tools and assistive technologies — the right
choice should be the easy choice, and the user should not have to experience friction that leads to
choosing to disengage safety-enhancing features such as ACC or LKA.

This study is part of a long-term strategy where the ultimate goal is to develop a well-thought-out UX
strategy in which assistive systems are integrated into the driver's overall tasks, something that will take
place at both strategic, tactical and operational level. A previous study, “ADAPTIN — Adaptive interventions
in driver impairment, from common scenarios in fatal accidents” (Karlsson, 2025) is primarily about
intervention systems at the operational level in driver impairment. In the current study, the intention was
to review how consumers think about supportive systems and user experience for continuous driver
assistance at operational and tactical level.

7.7 Inspiration for the study

The study was inspired by two surveys from the insurance company Folksam (Klingegard, 2024,
2025), the first investigated self-reported use of driver assistance systemsin Sweden, and the second
mapped the extent of how often and in what situations driver assistance systems are turned off., and
identified four focus areas:

1. Knowledge and awareness: 23-30 % of respondents cite lack of knowledge as a reason for not using driver assistance

systems, mainly women. 26-30% feel that they do not need the systems.

2. Systems, infrastructure and traffic conditions: The systems and their sensors are sensitive to traffic and weather, which

affects their usability.

3. Driving experience: Many drivers opt out of driver assistance systems due to aspects

related to driving experience and attitude.
4. System availability: A significant part of the respondents lack a passenger car equipped with driver assistance systems.

Among the respondents who have access to driver assistance systems, the follow-up study thus focuses on
three aspects: Knowledge and awareness, context parameters and driving experience: A total of 23-30 %
of the respondents cited lack of knowledge as a reason why driver assistance systems are not used at all,
mainly women, and 26%-30 % feel that they do not even need driver assistance systems.

When it comes to driving experience, the authors summarise with the following text: “Drivers [...] usually
opt out because of aspects related to driving experience and attitude [...] turn off the system because they
alarm and the positioning of the car does not match personal preferences. The driver’s driving experience
is important for increased use of driver assistance systems” (ibid). With this as a starting point, we chose to
investigate which aspects of driving experience affect the use.

1.2 State-of-the-art — Advanced Driver Assistance Systems

The abbreviation ADAS (Advanced Driver Assistance Systems) is used to group and describe technical
systems designed to assist the driver with limited tasks, e.g. systems that assist in steering (lateral) and
systems that assist in speed (longitudinal). A distinction can also be made between systems that primarily
provide information or warnings to the driver (e.g. collision warning, FCW), or those that intervene in the
situation (e.g. emergency brake AEB). Additional categories include systems that improve or enhance the
driver's abilities, such as anti-lock braking or stability control, and systems that assess the driver's current
alertness or attention (DMS).

1.2.1 Intervening systems

For intervening systems, we can distinguish between systems that improve the driver's own actions (such
as ABS anti-lock brakes or ESP anti-skid systems) and systems that act independently (such as AEB). These
intervene occasionally (intermittently) unlike systems that assist the driver continuously (such as Adaptive
Cruise Control ACC) which act continuously to maintain distance and can brake to a standstill.
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Intervention and Informative ADAS builds a picture of the situation around the car via sensors, and unlike
human cognition which time share and distributes attention between different processes, intervention
systems have the advantage of being able to continuously use a specific sensor set, or at least their own
process and algorithm for each situation type they are supposed to handle. E.g. emergency braking for
vehicles or pedestrians, blind spot warning, automatic steering and adaptive cruise control have long had
their own processors, although parts of the sensor systems have been split between functions. This gives
them the advantage that they can pay constant attention to a particular type of situation, but have difficulty
in assessing situations that go beyond the predetermined schemata, where humans still have an advantage.

Automatic Emergency Braking (AEB) systems intervene in emergencies such as a stationary traffic jam or
a sudden appearance of pedestrians. AEB is effective up to a certain speed depending on the range and
quality of the sensors. These interventions therefore take place at the limit of what is physically possible,
the shortest time/distance that makes it possible to avoid collision. Accident avoidance systems have long
relied on fixed thresholds and intervention. There are studies exploring the possibilities and consequences
of adapting interventions to, for example, the driver’'s estimated ability (Karlsson, 2025) , and studies
exploring how fatal accident outcomes would have been affected by ADAS if the car had been equipped
and the system active (Rizzi and Strandroth, 2025).

1.2.2 Systems that enhance drivers' abilities

There are systems that act as a filter between the driver’s actions and the vehicle's manoeuvring. These can
be said to improve the driver’s abilities and optimise the manoeuvring outcome beyond what the driver can
perform. One example of this is anti-lock braking, the wheels do not lock regardless of how hard the driver
brakes and some steering ability is maintained in slippery conditions, another is electronic stability control,
which uses controlled braking pulses on individual wheels to help prevent skidding and rolling over

1.2.3 Information and warnings

Systems that primarily provide information or warnings help the driver understand a situation or need to
act, without intervening themselves. Collision Warning System (FCW) alerts the driver to vehicles ahead
via audible or visual signals, Blind Spot Warning System (BLIS) signals the presence of vehicles in the area
not covered by rear-view mirrors.

1.2.4 Systems that infer driver ability, engagement and intent

Fatigue warning systems assess the driver's alertness level and prompt pause, often based on assessment
of how well the driver keeps the line within their lane and how micro-corrections are performed. Newer
generations of Fatigue Alert use a camera to read e.g. eye movements, eyelid opening, blinking frequency
and blinking speed. Such a camera is often used to assess the driver’s attention on the road, complementing
the function of lane keeping systems (LKAs) in particular. The idea is that the systems read the driver's
engagement and intent, fulfilling recent legal requirements to help the driver regain control if the driveris
suspected of not taking sufficient responsibility for the driving task. At present, there are no reliable
methods to predict or detect driver engagement and intentions in the near future, and intensive research is
being carried out into methods to determine whether the driver is cognitively distracted, i.e. preoccupied
with his own thoughts even though the driver's gaze is focused on the carriageway. Recently, this research
field has begun to move from a pure focus on distraction mitigation towards a broader perspective on
attention support. Reimer et al. (2026) propose a framework that continuously assesses whether the
driver’s attention is adequately adapted to the requirements of the situation, providing active support
where necessary rather than merely warning against distraction afterwards.
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1.3 State-of-the-art — User Experience for Driver Assistance Systems

Carsten and Martens (2019) describes parameters such as trust, attention and automation surprises. Trust
is defined as confidence that the system acts as expected and delivers real benefits — not just accurate
expectations. Calibrated trust requires the HMI to make the system observable, predictable and time
relevant. According to the authors, attention when driving with automation at level 2 should in practice
be as high as when driving manually — but they note that there is a tension between what is formally
required and what is realistic to expect from drivers.

Automation surprises are divided into two categories: first, absence of expected action and second,
presence of unexpected action - the first can lead to confusion, and the second to stress reactions. Both
occur when the system behaviour deviates from the driver’s mental model — that is, knowledge and
expectations of the system — which emphasises the need for system transparency, the driver must be
able to understand what the system sees and does not see, otherwise neither trust nor attention can be
properly calibrated.

The display that gives the driver an overview of the situation as in Tesla complicates the problem: it gives
the driver detailed information about what the system perceives, which builds trust — but at automation
level L2 (see abbreviations) it is more crucial to understand what the system does not see, which requires
inference rather than direct reading — the display can therefore lead to an unnecessarily high confidence
in the car’s ability in addition to being a visual distraction.

According to Carsten and Martens (ibid.), for an HMI to support effective calibration of trust:

1. Observability—the HMI should help the human to understand what the vehicle senses and perceives when a system can-
not cope with a situation, e.g. that it is not receiving required information on presence of road markings.

2. Predictability—the HMI should allow the human to predict, when confronted with a situation, whether or not the system
can cope

3. Directability—the HMI should have the ability to influence the user and be influenced by the user to come to the best joint
performance

4. Timeliness—the information should be provided early enough so that the human can take proper action.

Lee and See (2004) is also a central reference point in the literature on trust in automation. The authors
argue that the goalis not maximum trust but appropriately calibrated trust, meaning neither over-reliance
nor under-reliance, something that is expected to provide a theoretical basis for understanding why
drivers choose to disengage driver assistance systems even when these work technically. Furthermore, it
makes sense that a healthy scepticism may allow the driver to avoid having to sort out situations they were
never designed to cope with.

Lee & See identify three prerequisites for trust: understanding of the system's purpose, processes, and
performance. This is reflected in the criteria formulated in chapter 1.1, that systems need to be under-
standable, helpful and trustworthy. Lee & See also sees transparency as a key component: understanding
the limitations of the system is crucial for trust to be calibrated effectively. This agrees well with the
reasoning of (Karlsson, 2025), which identifies overconfidence in one's own ability, or underperformance
— whether in terms of one's own ability or with respect to ADAS systems — as potentially contributing
factors in accidents. The goal should be calibrated trust and calibrated self-awareness, i.e. driving
according to one's ability in interaction with the car and its driver-assistance systems.

1.4 Cognition, control and automation

A few words about cognition, automation and driving aiming to describe how ADAS can support drivers, and
how lack of transparency and technical understanding create unnecessary friction for users. Driving is a
complex cognitive task that can be described hierarchically. Michon (1985) describes three levels, opera-
tional, tactical and strategic, where today’'s ADAS primarily operates at the operational level, ACC and ISA to
some extent at the tactical level. However, the use of ADAS affects driver behaviour at all levels.

Hollnagel (2002) presents two control models (COCOM/ECOM) that introduce a cyclical control model,
where observation of the world influences how we react and act, and also adds the distinction between
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anticipatory and compensatory control: a competent and well-informed driver plans ahead more than
reacting to what has already happened. Bainbridge (1983) shows in "Ironies of automation" that increased
automation creates a paradoxical situation where the demands on the operator during manual
intervention increases while the competence decreases through lack of practice.

(Gibson J. J. and Crooks L. E., 1938) conceptualised driving skills as the ability to keep the vehicle's speed
and position within an imaginary "area of safe passage" a field whose shape and propagation are
continuously reshaped as a reaction to the environment with its risks and possibilities. (Johnson et al.,
2025; Johnson, et al, 2026) operationalises this as Field of Safe Motion via reachability analysis, allowing a
quantitative description of the driver's available latitude at any given moment. The pointis central: drivers
regulate their behaviour in relation to perceived affordances, and what ADAS needs to support is not only
collision avoidance but the perceptual prerequisites for relevant action.

Novakazi (2023) describes the process of how drivers build their understanding of automated driving
systems, and argues for a Joint Cognitive System perspective where the driver, the vehicle and the traffic
environment constitute a common cognitive system where cognition is distributed rather than centralised
at the driver or system separately. Through four empirical studies with varying methodology, she identifies
three recurring questions that drivers ask themselves when interacting with an ADAS: “When can | use it?”,
“What does the vehicle do?” and “What do | do?” — something we interpret as an analysis of the
competence of the system and the distribution of responsibility between driver and vehicle. This is the
basis for the driver's mental model of the system, which is continuously updated during use. The
implication for design is that systems need to support the driver’s active understanding of their role,
rather than simply communicating the system'’s own limitations.

1.5 Previous studies on driver assistance and automation

Strand et al. (2011) conducted a focus group study on drivers’ experiences of driving with adaptive cruise
control (ACC) in general and at cut-in scenarios in particular. The study addresses topics such as trust,
technical limitations and how ACC affects driving behaviour. It also analyses to what extent the
participants’ mental model of the system is correct and how it affects their use of ACC. Participants feel
that the system is either too aggressive or too passive, and that it does not match their own personal
driving style. In addition, the lack of feedback when the system reaches its limits is noted. Participants ask
for a constant speed control function when the sensors are out of order and the authors conclude that
there are good reasons for not doing this — as it gives a direct increased risk of ‘mode-errors’ — that the
driver’'s expectations of the system do not match the current function.

Larsson (2013) also studies user aspects of ACC, and one of the main thesis is a reasoning about how
drivers delegate part of the driving task to ACC, and how this in turn affects how drivers motivate choices
about what they turn their attention to. "Drivers not only have the opportunity to delegate parts of driving,
they should also be affected by that delegation. As the system takes over part of the longitudinal control,

such shared control of driving may also alter the drivers" motivation for looking at and responding to traffic
and make them perceive the world differently.” Differences regarding users’ attitudes towards exclusively
longitudinal compared to the combination of longitudinal and lateral automation are also addressed:
"There is little understanding of why drivers' attention strategies are different with lateral automation than
longitudinal automation, and also what may be the mechanisms behind behavioural adaptation. Uncovering
the workings behind any changes in tactical driver behaviour would enable a prediction of the effects of
future systems and allow the design of systems better suited to human cognition.

Afocus group study on automated driving investigated how drivers reason about future automated systems
at the time (Ndbo et al., 2013). Four focus groups were conducted — with young, elderly, women and men
respectively — a total of 28 participants, followed by an individual survey. The study was divided into two
parts: an open discussion followed by the display of film clips on specific systems, including ACC and LKA.
The participants were generally more positive towards systems already on the market than towards more
advanced future systems, and the more advanced the system was the greater the spread in attitudes. A
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fundamental dividing line emerged between two motivations: automation for safety in difficult situations,
and automation for comfort in boring, long driving sessions. Both needs were deemed to need to be met.

In the discussions about LKA, the risk of excessive trust, that drivers may come to rely on the system too
much and relax more than is safe was specifically highlighted. Loss of competence was also a recurring
theme: a concern that drivers lose driving skills when they do not need to exercise it. Compare with
Bainbridge (1983). Trust and accountability issues were also discussed, mainly in terms of who is
responsible when an automated system fails — compare with Novakazi (2023).

Usability parameters in the strict sense received less attention, although what happens — and what should
happen — when assistance stops working, whether suddenly or gradually, was addressed. Parts of the
questionnaire are reused in the present study — questions about which types of trips one would want to
use it for, and the pros and cons of automation. This provides a longitudinal comparison thirteen years
later, with a changed ADAS landscape as context.

Leonardi and Distefano (2025) describe a larger survey study on the theme of attitudes towards ADAS
technologies. From a user perspective, three categories were identified: temporarily triggered systems
(TPMS, BSD, ESC), adaptive and reactive systems (ACC and AEB) and stability and driver monitoring
systems (LKA, FWS and LDW). The most prominent finding is a significant gap between perceived
importance and actual knowledge — 56.6% of respondents rated ADAS as very important for road safety,
while only 35.1% showed a correspondingly high level of knowledge of the systems. The study also shows
that own experience of ADAS is what best builds understanding and trust.

Kim and Oviedo-Trespalacios (2025) conducted a qualitative study on why drivers choose not to use ADAS.
Through thematic analysis, they identify nine themes divided into three levels: four human factors (sense of
control, knowledge, trust and responsibility), three driving tasks related (operational, tactical and strategic
level) and two related to traffic environment (traffic situation and other road users). It notes that while some
barriers to automation can be solved technically, more fundamental factors such as trust, interaction
dynamics, comfort and psychological resistance are more difficult to address through technological
improvements alone. The conclusion is that adaptive, user-centred design that prioritises trust, transparency
and context-sensitive system behaviour is necessary for a safer and more consistent user experience.

1.6 Study aims and objectives

The project's overarching aim was to generate hypotheses on how to improve the usability and user
experience of driver assistance systems, by examining whether these systems are understandable, helpful,
and trusted. A further aim was to explore how such systems should be designed going forward, to better
match drivers' expectations and workflow. A key question is understanding which factors lead drivers to
use, or avoid, these systems.

The studyisintended to be hypothesis-generating in itself. Aninitial hypothesis was that users would want
the systems to be more flexible within the dynamic driving task (DDT), and to more clearly visualise the
limitations present in the current traffic environment and situation — for example, curve radii and road
crests, missing road markings, or sensors obscured by dirt.
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1.7 Theoretical framework

Based on the above, we have formulated the following framework as the basis for the study:
Table 1 - Theoretical framework

Theme/Dimension What works today When does the aid stop What needs to change

User Experience (UX) Smooth ADAS interfaces Annoying ADAS behaviours Design ideas for better UX

Knowledge and mental When the system matched = When the system was confusing How vehicle capabilities and

models expectations limitations are clearly communicated

Technical limitations When the technology When the technology failed What technical improvements are
delivered or breached boundaries needed

Trust and confidence What builds trust What breaks trust How calibrated trust is built

System transparency When the system When the system left How the system communicates
communicated clearly driver in uncertainty better

Driver autonomy When the driver felt When the system took How the driver maintains control
himself in control over unwanted in interaction with the driver

assistance

1.8 Delimitations

As the project's intention was to study methods for improving safety in manual or assisted driving, up to
and including SAE Level 2 automation (SAE International, 2021), solutions for Level 3 and above were not
considered. The project instead focused on drivers' experience of today's existing driver assistance
systems. The intention is not to provide finished design recommendations or propose technical solutions,
but to create a basis for discussion and starting points for further research.

1.9 Ethical considerations

The study was conducted in line with the Declaration of Helsinki (WMA General Assembly, 2024) for
research involving human subjects. All participants were informed in advance of the study's purpose and
method, as well as their right to withdraw from participation. Written informed consent was obtained,
and all personal data have been handled in accordance with GDPR.
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2 Method

The study combined focus group discussions with a supplementary questionnaire to capture both depth
and breadth in the participants' experiences of driver assistance systems.

2.1 Focus groups as a method

Focus groups were chosen to deepen the understanding of the motives and reasoning behind users’
decisions about driver assistance systems, a question that draws on the very type of rich, contextual
responses that the method is known to generate (Vaughn, Schumm and Sinagub, 1996; Braun and Clarke,
2006, 2019). The method has also been successfully applied in similar HMI studies, including investigating
drivers' interpretation of ADAS interfaces and symbols (Richardson et al., 2020).The thematic analysis
followed Braun and Clarke's reflexive approach. The group discussions were supplemented by a survey
based on Nabo et al. (2013), augmented by questions specifically related to L2 ADAS assistance.

2.2 Participants

The study was conducted in Jonkdping based on geographical proximity to performing researchers and
that it is a major central location in southern Sweden, while not being part of the automotive clusters in
Stockholm and Gothenburg. This was expected to reduce bias around expectations and prior knowledge
about ADAS. Furthermore, there is a broad recruitment base among users who are expected to have
longer car commutes, good technical experience and drive cars with the intended equipment level.

Four groups of six people were recruited by Norstat Nordic AB. Inclusion criteria were having at least a B-
licence for five years, an annual mileage of at least 1,500 km and daily car commute over 15 km one way,
and a car equipped with ACC and LKA, standalone or combined into ‘Travel assist’ or similar product name.
The exclusion criteria were: professional drivers, driving instructors and people employed in the automotive
industry. A restriction was set so that the same car brand could be represented by a maximum of two people
per group, so that the discussion in individual groups would not be overloaded with thoughts, opinions and
ideas based on an individual car manufacturer's design philosophy and design of systems.

The initial intention was to have age- and gender-separated groups, but as recruitment was carried out
relatively late for the group sessions, the outcome was not entirely as intended: one group was almost
exclusively men, one group almost exclusively women and the other two were mixed. The sex ratio was
balanced by the two mixed groups, see Table 2.

Table 2 Age and gender distribution in focus groups

Group Men Women Age range Mean age (SD)
1 5 1 33-44 39,2-3,9.

2 4 2 46-58 50,8-4,7.

3 3 3 42-60 48,7-6,7.

4 1 5 42-62 54,3-7,1.
Total 13 11 33-62 48,2-7,2.
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2.2.1 Group 1

This was the group with the youngest participants. The discussion was characterised by a great interest in
technology and a great focus on the underlying technology and how the systems work. A couple of the
participants had more voice than others, especially when the topic turned to how the systems work to
establish a picture of the participants’ mental models, which perhaps prevented the more layman-like
picture of technology from emerging.

Car brands represented: Tesla, KIA, Volkswagen, Volkswagen, MG, Volvo

2.2.2 Group 2

This group represented the oldest drivers. The discussion flowed well here too. Among other things,
participants discussed whose will should prevail — that of the driver or the car. Also discussed: how to teach
the carits driver's preferences, and what happens when switching back to a car without assistance.

Car brands represented: Toyota, Audi, Tesla, Tesla, Volvo, Volkswagen

2.2.3 Group 3

This was also one of the groups with younger participants. The discussion in this group was characterised
by consensus and new ideas. Thoughts were explored about what would be possible when vehicles could
communicate more and better with each other, both for information to the driver and for purely
cooperative driving with automated vehicles.

Car brands represented: Volkswagen, BMW, Tesla, Lynk&Co, Volvo, Hyundai
2.2.4 Group 4

This group were predominantly middle-aged women. The discussion was intense and cordial. Many different
opinions were voiced, and the group was consistently more focused on the experience of the systems and
how they affect us in everyday life, rather than just the purely abstracted intended function.

Represented car brands: Volvo, Volvo, Audi, Volkswagen, MG, Audi

2.3 Procedure

The group interviews were conducted on four occasions in early March 2026 in a conference room at
Science Park Jonkoping. Two groups per afternoon on two different days, one group at 4 pm and one at
6.30 pm. The audio from the discussions was recorded with a multichannel audio recorder (Zoom F8). For
best sound quality, a separate wired lavalier microphone was used on each participant. A separate audio
and video recording was made with an iPad pro for redundancy in case something went wrong, the videos
were then deleted as soon as the audio recording was verified.

The groups began with participants being offered coffee and sandwiches, given time to read written
information about the project and participation and to fill out consent forms. Only then was audio and
video recording started. The discussion leader gave a brief review of the procedure and rules of engage-
ment for the participants. A film from Euro NCAP' was then played as an introduction to the topic of driver
assistance systems, and the discussion began with a short presentation round in which participants talked
about their vehicles, driving habits and assistance systems they have experience with.

The discussion continued on the basis of a script with three main sections: when ADAS helps, when
support is turned off, and what needs to be changed or improved. Progression was a conscious choice —
the initial discussion of positive experiences served as a warm-up and gave participants the opportunity
to establish positive reference points before moving towards critical experiences. The final theme was
intended to capture ideas for possible future studies.

Yihttps.//youtu.be/XLGv8Y c200?si=WgMhYLJ7PevZz-SE
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The last 20 minutes of each group session were spent completing a paper questionnaire constituting of 42
questions. The questionnaire data was compiled in a spreadsheet and imported for analysis in the statistical
package R. The questions had three main groups, questions 1-7 were demographic, questions 8-22 were
about the use and non-use of ACC and LKA, related to Folksam's studies (Klingegard 2024, 2025) while
questions 23-42 repeated questions from the survey in (Ndbo et al. 2013) The result was compiled in graphs
for easy comparison with previous studies. For questions 8-22 a Wilcoxon signed-rank test was conducted
on the estimates of ACC/LKA, otherwise no deeper statistical analysis has been conducted.

2.4 Data analysis

Each group discussion was documented by audio recording, which was sent for transcription at
Sprakservice AB, with due regard for GDPR. The transcribed and pseudonymised discussions were then
manually coded using the analytical framework described in section 1.7 .

The coding was conducted in three sessions — 1, read-through, 2, coding according to the pre-developed
3x6 theoretical framework, and 3, compilation of emerging themes.

2.4.1 Use of Al tools

Al tools (Claude, Anthropic) were used during the project for textual review and support for script creation
and draft reports. However, the main approach was not to use Al for coding or thematic analysis of data,
in accordance with considerations from (Jowsey et al., 2025)
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“YOU NEVER UNDERSTAND WHY IT REACTED LIKE THAT”
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3 Results — Group discussions

Based on the purpose of the study and previous studies, an analysis framework with six themes was
compiled. The framework, presented in Table 1in chapters 1.7, forms the basis for the script for the focus
group discussions and the initial coding. In the thematic analysis below, the findings are presented by
theme, followed in chapters 3.2 by some new themes that emerged during the work.

3.1 Focus groups — Framework thematic analysis

The framework's six themes are user experience, knowledge and mental models, technical limitations,
trust and confidence, system transparency and driver autonomy. These themes were presented in the
discussions under three main contextual tracks — a) What the participants experience works well at
present, b) situations when the support is cut off, and c) room for improvement in the current system.
Here are excerpts from the discussions sorted under each theme.

3.1.1 User experience

A central concept of the study is the user experience and it extends across all aspects of driving. We start
by reviewing what our participants have to say about how they experience their driver assistance systems,
e.g. lane keeping. Users turn off the LKA on a curved road, as it limits freedom of movement, but are happy
to use it on motorways,

I have a sports car and also think it is fun to drive when there are such roads. I drive
a lot on the 195. There I think the lane keeping assistant is useless, because there are
railings and it is very rutted, so it makes for a very jerky feeling. But as I said, when
driving out on the motorway, it is so boring anyway, so then you might as well use
whatever’s available.

When it comes to adaptive cruise control, people are generally enthusiastic. The system provides good
support when driving on country roads and motorways, and offers relief from the driving task — relief that
participants say they can use to gain better situation awareness and keep track of the traffic situation.

So there’s that, the more positive inputs you get that this really helps me as a better
driver, because I would say that these systems allow you to have a different focus
yourself out there too. You put on an adaptive cruise control and lane keeping system so
you can have a completely different view of the traffic when sitting - when you do not
have to sit and look at the speedometer.

However, drivers sometimes choose to use that relief for non-driving-related activites

But I see - well, I have adaptive cruise control, I like it. When the road is clean and
it does not rain and snow. When the road is clean otherwise it's there like the
lanekeeper, it's- it steers a little bit where it wants basically. So I usually turn it
off so he can brake or steer. But sit with adaptive cruise control, and pick up and open
up, and then the ProPilot is with so you can open a soft drink and drink, and then you
can let go of the steering wheel for ten seconds without problems. We also have ProPilots
working with cruise control, so it steers the car somewhere between ten and fifteen
seconds bhefore he starts complaining that I should have my hands on the wheel. And it
steers and the full thing, that's- I've tried, that it gets to turn, that was no problem
at all. So have adaptive cruise control when it is clean and tidy and not raining and the
like, then ... ProPilot. That's when it's good.

There are additional things that chafe — when running up on traffic on the motorway, many think the car
slows down too soon, forcing them to speed up manually, or change lanes to overtake earlier than they
would have done when driving manually. One driver is not really satisfied with the settings, but leave them
as they are, it is too hard to learn how to change. Someone also thinks the system brakes too hard.
Sometimes the car brakes for slower traffic in adjacent lanes — especially at exit ramps. One make (Tesla)
is repeatedly criticised for ‘phantom braking’ — the car brakes hard and inexplicably, without the driver
having any indication of why. This is the source of severe irritation in many drivers.
-Tesla is a bit- they have very many advantages but they are also a bit notorious for this as

well as phantom braking. Sometimes they get the idea that there's something in the way that's
not there.
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When it comes to lateral support, Lane Keep Assist or Travel Assist, many drivers express that they feel
that the car’s lane positioning is not right — they often have a reason to stick out one way or the other,
but the car criticises the driver’'s often conscious lane positioning. In some cases, it is tied to context
parameters such as darkness or rain.

And it could be that I have a reason why like this, it could be water or it could be that

you have just changed lanes or that there is something in- that is, like that. But then

it often says drive in the middle of the lane.

Interviewer - Yes, go on.

And it's not that it doesn't sort it out, but it tells me that it thinks I'm not driving
as I should.

Furthermore, there are several drivers who are annoyed by receiving reminders to hold the wheel or take
over the steering when, usually on straight roads, they are actually already holding the wheel and
focussing on driving,

Yes, but in my case, it warns me that I don’t hold the wheel when it’s a straight road.

[..] But every ten, fifteen seconds it beeps and warns. ‘No, but you have to hold the

wheel’. Yeah, I'm still holding the wheel!

And then it should also be able to understand that here [Man-12] does not turn that much.

[.] Yes, but that it warns that I do not hold the steering wheel. I can sit there and
hold the wheel but I don't steer.

Several participants express frustration with the transition from tactile controls to touchscreens, seeing it
as a security issue rather than just a preference issue. One participant describes how the lack of tactile
buttons also creates a paradox where the system warns for the very distraction it caused.

-Yes, may do so. But you also heard it say when you look away.

-Yes, and that is also, it is a disadvantage in the technology. Maybe that's not what you

want to know. But I have a display without any tactile buttons where I should press

anything. I do not have the ability to press and feel for any marking or anything.

Instead I have to look at this display and then, it's long enough for it to tell. ‘Hey,

hey, hey, watch the road now’. Just trying to start a song or a map or something.
Or the AC.

Participants ponder whether the law against handheld mobile phones should also be applied to built-in
touchscreens, the reasoning goes that it is essentially the same principle, a touchscreen that requires
visual attention to use.

It must be basically a traffic hazard, the lack of buttons. And I can't hold my phone

like this. But it's exactly the same thing I have here really.
Several participants in another group are calling for a return to direct access for common functions via
buttons and knobs, noting that cruise control placement varies between brands in a way that makes
learning more difficult when changing cars. The shortest summary of the theme came spontaneously from
a participant: "All these screens!" — a reaction that garnered broad agreement.

A1l those screens! Then it's the button or that little wheel there on BMW.

It's a little different like that.
They discuss touchscreens and visual distraction,. It's noted that it seems to be a trend for everything to
be on the touchscreen and speculates that Tesla started the trend:

Well, they follow Tesla there. They were the first to do that.

One driver describes it this way:

But it's a bit interesting because we have an Audi to and it really is, everything is on
buttons, but in the GT then that should be a little more sports car, it's physical
controls on the temperature system and some of this stuff. And it's like I know where
they are, I can turn on the seat heating and everything without looking at it, because I
feel where the button is. And it's wonderful. But in others it will almost be like you
say, you need to have a passenger, so I will put something new in the sat nav, I can
barely sit and do it myself!

Some think that priority should be given to placing driving-related functions on their own primary controls,

This is precisely about having easy access to the safety-enhancing functions. That
they're not in some submenu, or I need to go looking for them or something — it should be
in the driving environment, on the wheel or something close to there.
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So you don't have to take focus away from your driving to manage those safety systems.
Because then it has a bit of a counterproductive effect.

Someone draws parallels with airplanes and how to work with safety-critical systems there, and how great
the contrast is now that a passenger can sit and watch movies on a built-in monitor:

[...]1 I have been driving for twenty years without and it has worked great, so why should

I have all this c**p that I never use anyway? So that I think as you say a little bit of

interest but also that in some situations so can- that they overwork it because it should

be so high tech so that it becomes almost dangerous instead of then there is someone who

sits and should connect and the person sitting next to sit and watch movies on that
screen. I just go, ‘well!’

As a counterpoint, someone breaks in that there is already variety in the range of controls and that you
can choose a car that suits your own style —if you want a touchscreen or individual buttons.

But you are talking about improvements in how to improve various such systems. Isn't it

the case that when you buy a new car or lease a new car or rent a car. Isn't it very much

that you test drive a car and feel that no, this does not feel good for me because it's

just a big screen, it's not comfortable for me. Or, now I test drive this car, here it is

buttons, controls, how nice. Isn’t it quite self-catering to choose a car based on how
comfortable it is for yourself to learn?

Many participants wonder what could be gained by standardising between brands — would it be quicker
to learn how the systems work when you end up in a new car, such as a rental car?
But then you change within the same brand, I think it goes incredibly fast to get used

to. For it is like the same thinking that recurs, controls are in the same places and the
menus look the same if you should disable.

At the same time, someone says that there is already enough similarity between brands — there are a
limited number of solutions for checking and visualising different aids on the market.
Where do I find this? Where do I activate cruise control on this?

- Then it's quite equivalent to, it's not that it sits in the roof of any car, but it's
in the steering wheel usually either in a lever or in the steering wheel so.

When it comes to warnings of fatigue or lack of attention, several drivers feel hesitant, they disagree with
the systems' assessments. One of the drivers gets alerted for fatigue in the morning when they are not
tired, and misses them in the afternoon when they ARE tired. Someone doesn'’t feel “actively tired” when
a fatigue warning comes and would love to know more about what data is used as a basis for the
assessment, which will be returned in the next theme — knowledge and mental models.

3.1.2 Knowledge and mental models

When it comes to fatigue warnings, drivers think about how the system works and reason — does it have
to do with geography, warnings often come in the same place? Do the systems run solely on time of day
and/or accumulated driving time? Is it micro-corrections in the steering wheel? Lane keeping, or a mix of
everything? It is agreed that it would be easier to assess the severity of the fatigue assessment if it was
clear what it is based on.

I would have liked to know what it's based on. Because when it just tells me I'm tired,

it's like — well, how do you know that? Am I really? So you don't really buy it. It might

be great — I might actually be tired and need a break — but I never listen to it. Because
then I think, surely I can judge better myself whether I'm tired or not.

Another group describes it as follows — they come to the conclusion that there could be several different
sensors in collaboration that form the basis of a fatigue warning system.

- [...] At first I thought it had to do with the camera when I got the car. That it
thinks I’m blinking a lot maybe or something, and it can be a combination with that and
me doing something. I don't know. It would make sense otherwise, I sit and yawn. It sees
that now he's opening his mouth. ‘I don't think he sings along to the music here, but
he's probably tired’. But maybe it's more like you say.

- But I thought, can it be cooperating with other systems? With the lane keeping system,
that is, it senses that you, well... You haven't really thought about how it works.

I also thought it was the steering wheel, like, that you...

The first time you get a car with a driver assistance system, you may be overwhelmed, but you quickly
learn how the new car works:
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But you get a lot of help from this. Though you don't really think about it today. I bought
this car a year and a half ago. And at that time it was 1like, whoa, whoa, whoa, does that
work? Everything was new. I had a Caddy before, a little van. And then you had the usual,
not so advanced, but... and then you get into this and you get used to it very quickly.

For some participants, the in-car systems are so integrated and such a natural part of driving that they no
longer think about them. Some systems are not used, and nothing really stands out and interferes.

I'm not really that technical. I just want it to work. I never go in there and change

anything, but I just count on it being there. Then maybe I don't use [...] myself so

much... Or thinking about [it] that I use [it] really. I hardly ever use cruise control.
I always keep my speed, too, so...

You learn through experience, and the systems can also help you become a better driver. This came up
across several groups, and was especially smugly popular as a way of keeping other drivers in line.

...you choose to ignore the blinker maybe and pull out and then you feel

“Ah okay, there it is giving me a nudge. I need to use the indicator to overtake”

- I think it's good that you have to signal when you change lanes. Maybe not for me but

for my fellow road users who may not signal, then I like that they have it set so they
have to signal before they change [lanes] so they do not change in front of you.

Drivers believe that trust is based on knowledge that could be more easily acquired through different
forms of training or explanation at different stages, possibly at the retailer:
It is important to feel safe with the system and if you are not feeling safe with the

system, you may choose not to use it. And then... a training makes you feel safer with it.
That's the purpose.

Some drivers believe that mobile phone apps that are often linked to vehicles could be used. They talk
about how to learn the new technology in cars better and quicker, ranging from briefing on delivery —
where they note major differences between car brands — to having built-in video courses, and coaching, in
the car or the mobile phone app that is often linked to it.

Everyone has an app for their car most of the time. And then you can get a compilation in

the app and you can read it if you want or not. Then you can push in the car but then

I just get a number - yes, you have scored eighty-seven and you have braked well and you

have braked badly. But it is only a short sentence, doesn’t say much, but if I get a

summary like ‘now you have driven and you have been perhaps a little too close to that car’

the car reckons and so on. ‘Just a few hints. Think about this.’ A little more hands on.
In order to really learn how the car will react, someone also suggested it would be interesting to take part
in testing the AEB function, or various warnings, under controlled conditions.

Like the skid pan when you got your licence — the way you get to practise emergency braking

They discuss how ADAS affects the driver’s skills and attitudes — that you may start to get careless when
feeling there is a safety net.

That you get a bit too relaxed and not as alert — I think that's a big risk in the bigger

picture. That you might get careless and do things you shouldn't — let go of the wheel be-

cause you know you can get away with it for three seconds or whatever it is. Pick up the
phone, which is kind of not allowed, and so on. Grab a sweet or something like that.

This is linked to Ironies of automation (Bainbridge, 1983) — the finding that operators perform worse over
time once automation is introduced — and it suggests a degree of self-awareness among the participants.

An interesting twist is that participants imagine that the journey will be safer, even if the driver themselves
does not—itis clear that automation available over time leads to a deterioration in one’s own abilities, but
that this may lead to an unwanted consequence the day automation fails isn't something people tend to
think about. We will return to this under trust and confidence.

Well, you can't be a better driver if the car is driving. [...] Yes, the ride will be

absolutely safer, yes! But you as a person will not be a better driver, but maybe this is
connected? You automatically become a better driver as the car helps...
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3.1.3 Technical limitations and possibilities

One driver describes how the Lane Keeping Assistant is mainly useful when the road conditions are dry
and lane markings are good, but that he turns it off in bad weather because it ‘works against’ him.

- Yes, so it's nice when the road's in good nick, and clean and that. Then it's
absolutely wonderful. But if it's a bit dirty, a bit rainy, then I turn it off because
then I have to sit against- then it works against me. Because then it feels like it wants
to go onto the shoulder

Others describe similar problems with how the system appears to shift behaviour in darkness.

Yeah, I think it needs glasses. No, but it's the darkness, so I have a problem with it in
the dark. Because then it wants to, that's- I'm driving the middle but he wants to- and
then he says you're not driving in the centre, then he starts screaming that you're too
[inaudible]. And then he wants me to go a little closer ,like, the other lane, closer to
the lines, middle lines.

One of the most important system limitations is that ACC/FCW can not always detect stationary vehicles
or other objects on the road - Finally, a man tells us how he had expected, or at least wished that the car
had given a heads up about a stationary truck under a viaduct - he had seen the truck, but not that it was
stationary, and thinks that the FCW system could have given an earlier clue that there was a massive
obstacle in his lane.

I was driving along the motorway, heading north past Raslatt. It was fairly dark, and a
truck had driven in and wedged itself into the bridge. I get there and maybe don't have
the best focus on the road — but I was probably stressed about something, or whatever.
And in that case, I would have liked a heads-up earlier. When it senses it wants to
emergency-brake itself, red warnings come up saying collision imminent, so to speak.

But here... it should be relatively... 0r, as a layman you'd think it should be
reasonable to see that there's something standing still up ahead, here in this adaptive
whatchamacallit. There's something standing still and you're coming up on it really fast.
That it should be able to light up and warn beforehand. Because it was very close. Had to
practically... I mean... It was dark enough, and I got close enough, that it was only
when I first saw it — I looked up and there's a truck, to me it was apparently moving.
And the next time I looked up, it hadn't moved. And then quickly just check there's no
one in the overtaking lane, and then [swoosh swoosh]

Another participant has experienced a similar scenario

- Didn't you have adaptive cruise control active — it wasn't on then? Or it just hadn't
reacted to it? I was in an accident a few years back myself. A car with... ordinary
classic cruise control, a BMW. And there was a car standing completely still on the road,
right in the middle of the motorway, without daytime running lights or anything — just
completely switched off, and I didn't have time to react. So... your first instinct is to
assume it's moving, that's just what you think. But then once you realise it's actually
completely still — it was right in the middle of the road, it wasn't off to the side.
Then I wouldn't have... If I'd had a cruise control that just reacted on its own, would
it have reacted to that? That's the question — whether it would have had time. That's the
question. I don't know.

- Should there be a distance there, relative to how fast you're going. How far it can see
and get to zero before.

They identify Further system limitations, such as the car being unable to analyse either its own driver's or
other road users' intentions in the near term — but they also suggest it might not be so difficult to
combine sensor information with, say, map data, in order to determine that oncoming traffic in a curve
doesn't necessarily pose a threat, since it will very likely continue following its own lane. It’s an example of
how some of today's ADAS fail to make full use of the contextual information already available:

So it's stepped in and assisted even though there wasn't actually a need. Say you meet a

truck on a bend — it gets the idea that the truck is heading straight at me.

But it's turning, though. [...] It works, but not quite correctly, I'd say. A camera

probably perceives it as heading straight at me, because for a brief moment, it is. My

interpretation is that it doesn't read off— it's got lane assistance too, after all. So

it should be able to combine what the camera sees with what lanes it's showing. So it

could work out that the truck is staying in its own lane — it's just turning.
One participant finds it difficult to trust ACC or other systems in severe icy conditions, and suspects that
the control system doesn't work as it should, because the caris rear-wheel drive — and that this could lead
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to anincident or accident. This point also fits under technical limitations and drivers' knowledge/ mental
models. The question raised is both whether the car knows the road is slippery (so that it could use a
different control programme?), and if so, whether that has any bearing on the car's performance.

The idea of cars communicating with each other or with infrastructure (V2X) was introduced in several of
the groups by the participants themselves — even though the term itself was never mentioned. Instead,
they talked about cars being able to communicate with one another, and what possibilities that would open
up. Several use cases were proposed, from giving advance warning of emergency vehicles, to sharing
information about road conditions and wildlife on the road, to creating the conditions for better traffic flow.
The conclusion is that this is both easiest to take advantage of in fully self-driving cars, and arguably a
prerequisite for getting the maximum benefit from self-driving technology
It could get dangerous. But what if they pull out the boxing gloves!

A smoother driving style — so, it becomes more even. Cars keep their speed. There's more
communication. No one's driving— you're not forced to drive, but—

A spontaneous reflection on cybersecurity also came up — that a connected vehicle is a potential target,
and that the consequences of an attack or system failure in such a scenario would be more serious than in
today's more isolated systems. The underlying attitude was nevertheless positive: people trust that the
technology is fundamentally robust at its core, but are aware that connectivity opens up new vulnerabilities.

Yeah, but I think I always— I feel secure trusting it, but it's really just a question of
what's behind it, further down the line. What I mean is, it could be that someone hacks
my car — or whoever made it isn't exactly a friend of our nation right now — and then
they could get up to mischief with it instead

This links to the next theme - trust and confidence.

3.1.4 Trust and confidence

The fact that trust is central to the use of the driver assistance came out in several groups, and it is quite
clear that they have a somewhat complicated relationship with trusting the support systems —they believe
that the technology works, but they're not quite comfortable with the settings, it doesn't feel right.

then I feel like this that I have time to think that now I want - now it should brake.
And I think 1ike this, it will soon because I know it will. But still it's 1like this, no,
I have to brake now because like... and then somewhere I trust - I trust it technically,
but not on like an emotional level

One participant shares that, for her, there are also more subtle signals that communicate a sense of
security — that a larger, heavier car gives a more solid impression, and also parameters like sound design:
how more subtle sound cues send a different signal than shriller, more jarring sounds — a kind of quiet,
low-key confidence that also signals that this is a car you can trust.

I might say — well, I have two different cars. One is light and a bit older, and a little
tinnier-sounding when you're sitting in it. And then I also have a heavy, new, very
comfortable one. It's very different, driving them, trusting the system. So in the big car,
the one that feels heavy, I dare to trust all the things we're talking about here, all the
driver assistance systems that exist. But in the other car, the light one — the one you
were talking about, [Name], that it beeps all the time. It makes really shrill noises for
everything. That almost just stresses me out. But in the heavier, newer car, there are tiny
sounds when it registers something. It reassures you a bit, like, “yes, I know”.

Animportant parameteris that they experience that the systems behave consistently over time in similar
situations, and that once they have learned how their own car behaves, it can become confusing if it
changes. It is also important to communicate what it does, and why.

-...people have, to varying degrees, a need for control, and then it's more about that
you need- well, what you need to let it go.

- I think consistency is important, at least to me. Like I said before, I've learned when
my car doesn't work. It is almost always like that. Otherwise, I think it works great.[..]
[...1]

- But we came to the conclusion before then, and I think it's true, that if the car were
to communicate better what it does and why, you would understand it better and have more
confidence in it. Because then you kind of feel like it's has a handle on things.

- Yes, indeed, there was a reason, it was not something that happened by chance, but it
did this because it saw, it felt, it measured, it calculated
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There is a difference in how much participants trust the different systems, they can consider trusting ACC
to a greater extent than LKA/TA partly because it is based on a simpler and more robust technology

- That one [ACC], you do trust too. The LKA, though, you don't really trust. Because it
doesn't actually help you in that way.

- That's also a system that you just know... or, how to put it, you trust that it works
precisely because it lets you know. It's very quick otherwise. Same thing with the
automatic cruise control, if we go there. It feels like such a simple thing compared to
other parts, data-wise. Here you've basically just got a distance calculation to
something in front of you. Unlike, say, a blind-spot system, where you need to know what
speed something's coming at, maybe, and to be able to read the road markings and so on.
So it feels like the automatic cruise control specifically is something that — should
always work, because it's such a simple thing.

- That technology's been around for ages, this adaptive thing... I had a 2009 model, ages
ago. It was already there back then. So it should be tried and tested by now, after 15-16
years, or whatever it is... That's how it feels, anyway.

One driver believes that they trust ACC but not lane keeping because it is perceived that the car must be
“calibrated” between the lines and that there is poor feedback from the system as to when the lines and
position are good enough. This is their mental model of the function.

No, not the lane keeping, because it... It's like you have to calibrate it yourself to

be within the lines so they turn green. If you're a little outside, you won't know it's
running unless you see it's green. So to speak.

Group one discussed how to turn off lane-keeping or travel assist if you can't trust it, and that over time
you build up your own expected level of how well it will work.

[...] But when you feel like you can't really trust it, for example, as I told you on

some roads like it grabs the steering wheel and stuff. Then you choose to turn it off

because you feel that you do not trust the system. So if you feel that it works to the
level that you expect it to do, then you will continue to have it running so to speak.

It is considered how reliable the systems are, and what the consequences might be if a missed detection
from the system occurs while the driver for some reason is being inattentive:

That could have been that one time something serious happened.

An explicit question to the participants was whether driver assistance can be relied on too much — an
interesting discussion followed in several of the groups, and the consensus was finally that there is a real
risk of over-reliance on technology —

- I'm sure you can trust the systems too much...

- The straight answer to the question is "yes" since it can really fail without you
knowing.

- It's probably if you relax too much yourself, so that you actually miss things the
car's system wouldn't have caught either. You start thinking, I don't need to pay that
much attention, because the car will sort it out anyway. You stop looking out for moose
and things 1like that, because the car will find them anyway.

Interviewer: But then you've been relying on it a bit too much...

- Yes, but we still have a responsibility, those of us sitting there.

One participant expressed a strong technology optimism about self-driving technology and also noted
that trust goes in two directions — he believes that technical driver assistance reduces the number and
consequences of accidents, and he thinks that the car also does not trust him enough:

Thanks to these systems, the accidents are reduced, so it's a good system so to speak,

and the day we have fully autonomous cars one might imagine that there might still have

three crashes out of a hundred situations, but without the system and with only human

error, you might have twenty crashes out of a hundred situations instead. There will

always be the odd cases when a human eye might have been better. But I think that number

is much, much, much smaller. That's what I think. I had a friend who said, 'Don't you

trust the systems?’ I think it's my car that doesn't trust me. It keeps telling me I have

to take a break and that I'm too tired and I'm driving badly.

As we have previously stated in 3.1.1, several of the continuous support systems provide good driving relief,
which frees up resources to, among other things, get a better handle on the outside world, or be able to
drive longer without getting tired, or even to do things that current legislation does not allow. It's a case of
autonomy paired with accountability.
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Lane Assist, if you are a little disobedient and send a text message, then Lane Assist is
very good and helps you out a bit

3.1.5 System transparency

When it comes to system transparency, there are many examples of how the car communicates, some-
times in plain language and sometimes more subtly, but over time they have learned what is meant.
Occasions when something completely inexplicable has occurred seem relatively unusual. In a positive
example, the car (a Tesla) clearly announces that ‘assistance ends’ when you have braked and thus
disengaged ACC — a feature that other participants do not associate with ACC specifically.

Then you may get a message. What if we say you drive with this cruise control and you

choose to brake? Then I get a message. Now I can't remember what it says exactly, but

"Now the car won't brake anymore". Because now you've kind of taken over, because it

senses that the driver is active. So that's a good way. It's telling me it's stopped.
Then you know you've taken over completely.

They discuss how good the caris at explaining what it has just done —and it seems to differ between brands.
One thing they note is that it is rare for the car to tell you the reason for various interventions. How much
and what is communicated differs between brands.

The Volvo may not do that really [inaudible], but the Tesla is very communicative.
It's enough that the sun is in an awkward place for it to say that now this camera is dazzled

A more common observation is that, for example, you get a message that a system is not working for
some reason and the more detailed information is only visible for a short time, which means that you have
to pay attention to find out what the error message is about.

When something stops working because there is dirt, now for example in winter, on the

sensors and they say that this function does not work. And then it pops up for a second,

and it says that this function doesn't work. And then it disappears and then there's this

warning triangle. So if you don't pay attention to this, what it was that was wrong, but

you just see the triangle, you have to go in and check in, that is, into, yes

infotainment. And then you lose focus from the driving like much else if you are going in

and check. And there can also be several things. Maybe you saw the first one and then you

think, "Yeah, this is it." And then maybe there's another error that you missed.

You don't know if one or more systems are not working. Unless you actively access the

information system and see what it has warned about. That you can just see that there is
something that it's warning about, but not what it is.

One driver is very satisfied with the stop-and-go function that helps in queue driving, but is disappointed
that it disconnects at a longer standstill without indication or explanation — he thinks it may have to do
with some kind of safety consideration, but misses the car announcing this when it happens.

That at least it then says that.. That's what I'd want, for it to let me know. "Now I'm not

here to help you anymore."
On the other hand, there are many that say that they often understand what the car reacts to through the
context, at least after an initial period of learning.

- But they are kind of talkative most of the time and tell us what ..?

- I always think it's been pretty obvious why it does what it does.

- So you're saying that the car doesn’t even have to tell you why, because you understand

it from the situation?

- Yes, but if I change lanes without signalling and it kind of vibrates or the steering

wheel feels sluggish. Yeah, but it's pretty obvious, I see that. ‘Okay, I forgot to signal’

- How do you learn this? How does it work?
- You can tell pretty quickly, I think.

One group are joking that if you don't understand what the car has reacted to, you might be a bit stupid.
This is of course a bit of fun in the group situation, but possibly also reflects an insecurity in that you do
not always know what the technology does and why.

Then you curse a little at the car and ‘what the hell are you doing’?
Several drivers have experienced both unexplained twitching in the steering wheel and phantom braking,
i.e. the car brakes hard but there is nothing there to brake for. These can be considered as automation

surprises. As mentioned in chapter 3.1.1, it seems to be primarily Tesla that's affected by this, possibly
due to technology choices and system limitations, but other brands also offer surprises - one driver
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experienced a harsh braking for a crossing truck on a viaduct above his own carriageway. It was
experienced as annoying, but was an isolated case and did not cause that driver to choose to

turn off the system either then or later. Everyone seems to have experience with unexplained lateral twitching,
regardless of car brand.
- You never understand why it reacted like that.[...]

- Same experience with phantom braking or what to say. It sometimes brakes for no reason
at all. That’s no good when you're on the motorway, I think, if there's someone behind.

One user would like to have a better understanding of the limits of e.g. autobrake and FCW, and would
like to be able to test this under controlled conditions. A next step could be the ability to adapt the
systems’ interventions within certain limits — today this is mainly for ACC but also to a limited extent for
FCW, and as far as we know not at all for lateral position in LKA/TA.

- It would be interesting to know that, specifically for the car you have. What limits or

guidelines it operates within. Though I don't know if I'd actually have looked into it if

I'd bought a new car. But knowing that, well, at this distance, if there's a stationary

car, the automatic brake will kick in hard. And at this distance, it warns with a light.

Or just knowing what different stages exist in the system.

- No, I was thinking more like so you know... Sometimes you might want — it's the same

as when you set the following distance on adaptive cruise control. You might also...

sometimes you want extra distance there because you want to feel safer. You don't want to

be too close, in case it's slippery or whatever it might be. You might want the same with

a warning system — for example for the automatic brake, this emergency brake. Usually it

starts by warning — well, at least mine does, with a red light on the dashboard. And then

after a while, or a metre, it kicks in with the brakes. That you could set it so that,

well, it warns with the light X number of metres earlier or something like that. Or you'd

know when it's going to happen. That would have been... Then you'd feel more alert,

better able to prevent an accident than before..

3.1.6 Driver autonomy —driving or being driven

The question of who is in charge — the driver or the car — runs like a common thread through the
discussions. Most participants agree that it is important for people behind the wheel to remain in control,
and it is understood that this is how the system is meant to work. But behind the unity of principle lies a
more fundamental dividing line: for some drivers, driving is an experience in itself that one does not want
to be taken away from; for others, it is a necessary evil where any relief is welcome.

Yes, you learn after a while when to, no, now I'm in charge. So either you turn off the

system or you take the pedal and you counteract, because you know, at this point, ‘you're

gonna want something that I don't’.

Actually, all the time, because even if it thinks it should slow down because you have a
car in front of you, I am still the boss [...]

Another participant describes how LKA's lane positioning in the dark doesn’'t match her own preferences,
and how it leads her to switch off — with a little emphasis on showing who's in charge:

I drive the middle but he wants [...] and then he says ‘you don't drive in the

middle [of the lane]’ [...] I want to drive myself, he doesn’t get to decide.
In Group 1, one driver is mildly upset about not being allowed to decide for himself how to drive the car
in all situations —if they don’t signal first, the car resists when changing lanes, and he considers it his right
not to signal — but a neighbouring participant disagrees:

- Yeah, I'm the one doing something wrong. But I'm doing it wrong on purpose.
- You're the one that gets on my nerves a little [in traffic].

One driver wants to be able, in the future, to rely on a fully self-driving car to reach its destination on its
own-but also to be able to turn off [self driving] and drive it themselves.

Then you can still switch it off and drive yourself when you want, but I should be able
to turn it on and trust that it takes me to where I want to be.

Among the participants, two distinct attitudes emerge with respect to driver assistance, at least for
continuous lateral support. Several participants express that they want to make their own choices regarding
side position, driving style and driving experience and considers interventions an intrusion rather than a
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support. One participant describes how he actively opted out of the lateral assist package when buying a
new car, not because he doesn’t trust it, but because he does not think it adds value:

Is it a question of trust or [...] when I bought the car, he asked me, would

you want that self-driving whatchamacallit, would cost a thousand. I said no, I

don't want it. If I buy a fun car that I want to drive, I want to drive it

myself and not be driven by it.
Another participant illustrates the opposite attitude — an experienced long-distance driver who drives
60-70 thousand kilometres per year and uses Pilot Assist virtually all the time:

I use it so that I can relax and drive that much. I trust the systems [...]

Sometimes it gets the idea [...] but I trust that I am so comfortable in the

car that I notice it before something happens.
When asked what he appreciates most, he answers without hesitation: "It's self-driving then. That | don't
have to hold the wheel, that's what I like." To the reminder that the driver still has full responsibility, he
replies with a laugh: "/ accept that. | take that responsibility!"

The difference between these drivers lies not in technology scepticism but in basic attitudes to what
driving is, whether driving is a goal in itself and an experience to be enjoyed, or a necessary evil for
getting from A to B.

“IF | BUY A FUN CAR THAT | WANT TO DRIVE, | WANT TO
DRIVE IT MYSELF AND NOT BE DRIVEN BY IT”
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3.2 Emergent themes - new support and general improvements

Two new themes that were not in the original framework emerged during the analysis, firstly how
drivers want better support to understand their surroundings, earlier warnings, information about
wildlife on the road or upcoming flash icing, warnings for stationary vehicles and the like, and secondly
some observations about how drivers are thinking when turning off their driver assistance systems.

3.2.1 Perception support —BLIS, LED Matrix Headlights, Night Vision

Many were enthusiastic about the support they receive from blind spot detection, and for anticipation at
night, by LED Matrix headlights and Night Vision. These could be described as support for perception, or
perhaps even as support for situational awareness (SA). That Tesla has a display that shows the traffic
situation around the car comes up on several occasions. Several users are enthusiastic, but hint that one
may need to learn how to use it.

- I suppose the Tesla has that [...] That you have... When you drive, you see the car and

see what's happening around the car, right? You can see that there is a car behind or

that there is...

- You see it all the time. It's 360 that you see. It's pretty good if you get used to it.
Well, fairly [good], so that you still keep track of the traffic all around [youl].

Information about vehicles in the blind spot, often referred to as BLIS (blind spot information system) is
consistently praised in all groups. The only criticism that occurs is from a driver of a Tesla who instead of a
warning on the monitor in the centre of the car would rather like to have it indicated with a light by the
exterior mirror the same way as the majority of other car manufacturers. Several participants consider the
system to be a great assistance, that the information is presented from the right direction, and that it is
consistent and reliable. One driver has trouble turning his head and appreciates the extra help. A few have
also experienced interventions where the car counter-steers when changing lanes with cars in the blind spot.

Yes, it was Sunday actually, on E4. So I missed one that came in the side when I arrived,

but it began to blink- Well, BLIS started then anyway, so it warned me about it then.

So that's, yeah, it saved me.
For automatic high-beam dimming, opinions differ, someone thinks it is a good feature, while others
have views both on how timing works towards fellow road users (meeting high-beam flashes when your
own car does not switch to low-beam) and how it works for yourself, premature switching, too late return
to high beam after meeting or inconsistent behaviours at large reflective road signs.

- That feature I turn off because it drives me absolutely mad. A1l it takes is passing a

bright road sign, that reflects back your own lights, and it turns off so it gets dark up

ahead. And then it turns back on because now it’s dark. And then this traffic sign lights

up and reflects again so it turns back off. Plus, some of the drivers you meet get annoyed

by it.
In contrast there are consistently more positive remarks about LED Matrix headlights that dim down
locally for oncoming traffic and keeps as much of the high beam cone as possible lit.

But then I think it's very good now, and you can clearly see that on my car, that it does,

but then it moves the light out or it can kind of adapt so that it's still 1it up instead

of turning it on and off, and that's much, much better, and I think even when you're

driving on the motorway and so, where you might not really, you don't need the high beam,

and it's automatic, there’s a lot of oncoming traffic, so it's not on the high beam, but

there’s still better light than if you were driving with the dipped beam on and it lights
up a little more on the side for example.

However, one driver is unsatisfied with how this function is indicated, and would like more transparency
about both its activation, and for individual interventions — to know that local dimming is active.

- No, but it's a tremendously good feature, not having to keep switching, I think, really
smooth. But in the Tesla it is a bit stupid, because you do not know if it is on or not.
Lights are on all the time, so I don't really get it. Is it on or isn't it on? In other
cars it was much clearer. Thus the Q5 that I had, it was very clear, and it shone and
turned off, that is- this lights up all the time so I think it's really hard to know.

But I guess it's on, but at the same time,

- But it is, now I don't want to come across as condescending, but that's because it
doesn't fully turn off, it adapts. So it doesn't dazzle, but it still lights up the sides.
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And I think it's a fantastically good feature. You can still see really well to the sides
of the traffic ahead of you, but you still don’t dazzle the person you meet, like.

Finally, examples came up about Night Vision, a system where a thermal camera provides a view of the
world ahead of the car. Warm objects — pedestrians, animals, and vehicles in particular — stand out
clearly. The view also shows the road and surroundings, helping guide the driver in understanding where
the detected hazards are located. One participant shares their positive experience

If you've ever had it, you never want a car without it. Unfortunately, retrofitting is

difficult. But it's... I drove between Vaxjo and Jonkoping on Monday morning. There were

two places where there were deer right on the edge of the road that I would never have

seen, because it was right at dawn, which it immediately marked and braked for pre-
emptively. So if you’re driving where there is a lot of wildlife, it is incredibly good.

Connecting the camera to an algorithm that detects wildlife in the forest, and perhaps giving an active
warning is also on the wish list. According to the author, this is an existing feature for some night vision
systems, at least in the form of a pedestrian warning.

Somehow it senses that there's something warm-blooded out there in the woods and it's

crossing the road and I want to brake before that. And I’d like it to say it out loud

too, that it- not too many times then, but "warning wildlife." That the system, that it

shouts it instead of lighting something up. Both, really. Especially when there's
something so urgent, that now it feels like it might be something

3.2.2 Patterns around turning off

There are a few recurring patterns emerging in analysis of how driver assistance is turned off. It is often a
matter of system-initiated shutdown due to blind or broken sensors, which despite being annoying is still
interpreted as a competent system — it has the competence to decide that everything is not right.
Participants sometimes wish the system could provide more detailed feedback: ‘Wipe this sensor clean’ -
but overall they are happy.

For example, if you come out and start the car and there is frost. Then the cruise control

does not work and automatic dimming doesn’t work and a little this and that before it has

warmed up, because the cameras are a bit like that. But at the same time, I think it's also

a sign that the system works properly, because when it doesn't have good enough input, it
doesn't produce any image or any help, but I actually have to take care of it myself.

In the case of driver-initiated disengagement, it's either that the driver disagrees with the system on lane
positioning or some other parameter, or that they simply want more driving enjoyment and to be able to
drive more actively on winding roads — that is, an active choice made by a competent driver who knows
their car and its limits. Lane-keeping is the support most often mentioned when discussing what is turned
off. It's also noted that, unlike ACC, LKA activates automatically, and on newer model years, is also
reactivated every driving cycle. One participant suggested that drivers could be given the possibility to
give feedback after an intervention — so that driver assistance could be adapted to the driver's
preferences rather than being switched off entirely.

- For example, if I feel 1like, I do not use LKA because it wants me to be too far to the

right or too far to the left. Or that it reacts too quickly, which means that I happen to

get too close so it kicks in really fast. That, when you choose to turn it off, you can

explain why you’re choosing to turn it off. "No, but I think it's too close to the right

or too close to the left" and so it can learn. Or that you can activate a different

setting, which means that you will then use it more.

- Right, adjustments. To make it fit. Because as I said, if you make it work without

thinking it's a pain you will use it.
Someone has even set up a routine to disengage the function that connects speed-sign recognition with
ACC every time the car is started.

I'm very aware, I can say, because I go manually every time I start and turn off this

speed control after the road signs. Because it's kind of really... where I live, there is

forty. And if I get to forty-one, ping, ping, ping.
It is assumed that there is probably some form of legislation regulating this, so that safety enhancing
systems should be prioritised and be on by default.

- That's it. I go in and shut it down every time, and I shut down the lane keeping.
There, and you get a symbol that blinks that this system is turned off. This is seen as a
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small warning all the time, that this feature is disabled. And that’s the way it is, the
car is set up such that you cannot disable it permanently — instead, it resets with every
fresh start.

- Does it bother you when driving, or do you get used to it?

- No, but I guess I think it's good because then it's not 1like you... Then you know that
this feature I have turned off, than that you do it when you pick up the car. And then
two years later, you trade it in, and it's been disabled all along. So I think that...
This was not the case at Audi we have had before. If it was deactivated it was
deactivated until you activated it again. But I think it's a pretty good thing that it's
activated every time. Then you really have to physically go in and shut it off.

- I do not know whether there has been a new European law or something lately. Or is it
something international? That you can't shut it down permanently. On the new cars. Yeah,
if it's from 2025 or something.

One driver notes that the reason for switching off may not always be one big deal that causes you to lose
confidence in different support systems, but how several small things work together — that automatic
dimming doesn’t provide enough feedback, that tyre pressure sensors warn of low pressure at sub-zero
temperatures, and so on.

- It’s just like that thing with the high beam, where I lose confidence because I don’t
know whether it works or not.

- Mm. Poor communication there, huh?

- Yeah, I guess that's the situation. Or like this thing with the tyre too. So then I get
annoyed- yes, but then maybe I should just not give a toss, that's it, and then it
becomes - I lose a little confidence in why it warns me, but there are certainly as I
said explanations.

One aspect of trust is that sometimes systems are turned off because drivers do not trust themselves
when the driver assistance is active, a feeling that the support itself might cause them to lose focus.
They choose to disengage the lane keeping because they feel that the support makes them relax and
when relaxing you become sleepier quicker, which could lead to unwanted consequences. This is a
completely different aspect of disengaging ADAS, drivers see it as taking responsibility for their own
driving when feeling that the support from the car can pose a risk.

[...]1 I've been up since six and worked a ten-hour shift, then sit down to drive - if I
put on cruise control, adaptive lane-keeping assist - I'd fall asleep on the way home!
[...] You see the passengers when you drive somewhere, it takes ten minutes until they
have fallen asleep. And if I'm sitting there and I've activated all of this and I fall
asleep and all of a sudden the system stops working because there's fog or there's
moisture on these sensors, so the driver assistance just quits. It’s not available. And
then where am I?

- Yes, but I have learned that, for example, night. Bad conditions, darkness and the
like. Yeah, but now I'm turning off the function, now I just have cruise control. I'm
steering. And adaptive, that he brakes, but I want to steer because now I feel it’s time.
- And I have done it myself a little when I might have been a little tired. But then I
want to wake myself up by taking over the steering because then I become more focussed on
the road then I turn it off too because then I feel that I want more control and not that
I want to relax.

- Yeah, I do too when I've had cruise control for too long and it's dark. When I can feel
that then I turn off because I want to get away from it being so monetative [sic].
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“ .. IF I'VE BEEN UP SINCE SIX AND WORKED A TEN-HOUR
SHIFT, THEN SIT DOWN TO DRIVE — IF | PUT ON CRUISE
CONTROL, ADAPTIVE LANE-KEEPING ASSIST — I'D FALL

ASLEEP ON THE WAY HOME!"
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4 Results — Survey

The results of the survey are presented here as a complement to the thematic analysis of the group
discussions. The survey consisted of a total of 42 questions, divided into the following main blocks.

1. Questions 1-7 Demographic information including make of car and experience with various driver assistance
2. Questions 8-16 on the use of ACC

3. Questions 16-23 about using lane-keeping support
4 Questions 24-42 for comparison with Ndbo (2013)

The questions in blocks 2 and 3 were identical, to compare the drivers' attitudes towards ACC and LKA.

Do you use the X in the car you mainly drive?.
Do you think X can be used in all situation that may arise?

Do you turn off X yourself because it contributes negatively to your driving experience?
Under what conditions have you turned off X?

How often do you get messages from X that it is not usable even though you want to use the system yourself?
To what extent do you agree with the following statements about X:

e | have enough knowledge of X to use it safely

e Xcontributes positively to my driving experience

e Xis easy to understand

e [trust X to keep a safe distance from the car ahead /to keep me within the lines

4.1 Use and disengagement of different systems

The first question (Figure 1) concerns how often each system is used. The frequency difference between
ACC and LKA should be interpreted with caution. While ACC requires active driver activation at every turn
—usually via a button or control — in many vehicles the LKA is activated by default and remains active until
the driver chooses to turn it off. The higher percentage of drivers who claim to use LKA “always” is
therefore likely to reflect the system’s default mode rather than an active choice, making a direct
comparison of frequency of use between systems misleading

How often do you use the system?

10-

System

[ Acc
B«

Count

' 1 ' ! '
Always Often Sometimes Rarely Almost never

Figure 1: How often participants use ACC/LKA
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The second question (Figure 2) concerns the frequency of switching off the respective system. As with the
first question, the answer depends on the mode preset in the car, and because ACC requires manual
activation to start, the act of 'switching it off' becomes somewhat less significant by comparison.

Do you turn off the system?

10.0-
75-
System
5.0- I acc
B «a
25-
00- ]

Never Rarely Sometimes Often

Count

Always

Figure 2: How often participants turn off ACC/LKA

The third question (Figure 3) concerns how often each system is unavailable when the driver actually

wishes to use it. Some participants were unable to answer for LKA, possibly because they do not currently
have a car equipped with LKA or because they do not wish to use it.

System unavailable despite being wanted
12.5-

10.0-
7.5-
5.0-

Count

2.5-

Figure 3: How often ACC/LKA is uavailable according to participants
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4.2 Knowledge, experience and trust in ACC and LKA

Four questions concerned how the users perceived the use of ACC and LKA, and the result is shown in Figure
4. Wilcoxon signed-rank test was conducted for all four pairs of questions (ACC vs LKA) regarding knowledge,
driving experience, intelligibility and trust. Only the trust question showed a statistically significant
difference (V = 114.5, p =.001), where ACC was rated higher than LKA. For driving experience, a trend was
noted in the same direction approaching significance (V = 63, p =.053). No significant difference was found
for knowledge (V= 18.5, p=.105) or intelligibility (V = 28, p =.152).

Attitude towards ACC and LKA

ACC: Sufficient knowledge- @
LKA: Sufficient knowledge- At
ACC: Positive driving experience- @
LKA: Positive driving experience- A
AcC
ACC: Easy to understand- @ x LA
LKA: Easy to understand- A
ACC: Trusts the system- @
LKA: Trusts the system- A

3’0 3’5 4.0 45 5.0
Mean (1=Completely disagree, 5=Fully agree)
Error bars = +1 SD

Figure 4: Users' attitudes towards ACC and LKA
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4.3 Attitudes to automated driving — comparison with 2013

A large part of the survey was based on questions from the survey in Nabo et al. (2013). This means that
we have the opportunity to make a longitudinal comparison over thirteen years. Here we see in Figure 5
that several attitudes have generally not changed, the similarity is quite striking. There is some increase
among those who do not want automated driving, and some decrease among those who would use an
automated vehicle to transport someone who does not have a driver's licence but the differences are
unlikely to be statistically significant.

Attitude towards fully automated driving

Leads to increased traffic _ AN
safety and fewer accidents ®

Should not be allowed - PS

Will make driving more boring - P

Leads to reduced congestion -

The driver should be
responsible even when the - PS
vehicle drives automatically
Leads to increased traffic N
because more people choose to - Ps
drive
Should be usable by people who A
are not currently allowed to - Pu
drive

Will be more fuel-efficient _ e
than manual driving ®

1 2 3 4 5
Mean (1=Do not agree at all, 5=Fully agree)

¢ Nébo et al. 2013 (n=28) A SupportIN 2026 (n=24)

Error bars = +1 SD

Figure 5: Attitudes towards fully automated driving in 2013 compared to 2026
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In the question of what different use cases one can consider for automated driving, there are small
differences between the previous and current study, see Figure 6. You can see a tendency towards a
difference with regard to systems that intervene in critical situations, something that more people have
personal experience of today than in 2013. Even two types of fully automated driving where the driver can
do other things have higher scores today than in 2013, but the spread is still large, the average is probably
slightly pulled up by a few individual high values

Attitude towards different types of automation
Error bars = +1 SD

Parking assistance - & =

Cruise control = 9 i

Intelligent speed adaptation (ISA) = ‘

Functions that intervene in critical situations - 9 A

Automatic speed and distance control = ._‘

Vehicle platooning, _ .
driver monitors ®
Vehicle platooning, _ ‘
driver does other things
Fully automated in certain situations, _ é
driver monitors
Fully automated in certain situations, _ i‘
driver does other things

Fully automated, _ —dh
driver monitors ®
Fully automated, _ A
driver does other things ®
1 2 3 4 5

Mean (1=Very negative, 5=Very positive)

+ Nabo et al. 2013 (n=28) + SupportIN 2026 (n=24)

Figure 6. Attitudes to different uses and types of automated driving
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When it comes to reasons for using automated driving (Figure 7.), an interesting change emerges. It seems
that the primary motive for wanting automated driving shifted: from road safety in 2013 to convenience,
relaxation and the opportunity to engage in other things in current data.

For what reasons would you want to use automated driving?

100 %

B HMI4AS W SupportIN

80 %

60 %

40 %

20 %

0%

Figure 7: Reasons for using automated driving - comparison 2013 and 2026.
(HMI4AS refers to Nabo 2013)
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When we consider the pros and cons participants see in automated driving, it appears that participants in
2026 are neither more optimistic about the prospects for increased road safety, easier driving, nor
reduced fuel consumption — though they do see increased travel opportunities; see Figures 8 and 9.

At the same time, fewer people are concerned about technical problems, perhaps because the technology
has greater visibility today. The claim that the cost would be too high, which received strong agreement
in 2013, no longer seems to be regarded as a major disadvantage. Other questions where the outcome
differs (albeit only marginally) between the studies concern whether driving might become more boring,
whether the technology is hard to trust, or whether it feels uncomfortable to relinquish control. One
might suspect that exposure to, and experience with, the technology plays a role here.

Cenerally speaking, do you see any benefits of automated driving?

100 %

o HMI4AS W SupportiN

B
&?}?}\ 0@‘2’&
%0
Figure 8: Attitudes about benefits of automated driving - comparison 2013 and 2026
(HMI4AS refers to Ndbo 2013)
Generally speaking, do you see any disadvantages of automated driving?
100 %
uHMI4AS = SupportIN
80 %
& D\Oqs O@e\
‘\QQ “Q’f}\{\
2
5
&
&

Figure 9: Attitudes aboutdisadvantages of automated driving - comparison 2013 and 2026
(HMI4AS refers to Nabo 2013)
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"THEN THE CAR GETS REALLY ANGRY"

“YOU NEVER UNDERSTAND WHY IT REACTED LIKE THAT”
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5 Discussion

The main theme of the study is which aspects of user experience affect drivers turning off ADAS, based on
user experience. We see a tension that cannot be resolved technically: a system must intervene early enough
to be effective, while this is perceived as an intrusion that leads to the driver shutting down the system.
Making the intervention fully reliable would require a situational analysis on a par with human judgement,
while leaving sufficient room for manoeuvre for the driver to perceive themselves as being in control. This
is somewhat of a wicked problem: you can’t optimise for safety, driver experience and trust at the same time
without any of them suffering. The following sections show how this tension recurs in several forms, in
questions of trust, knowledge, autonomy, situational perception and technical limitations.

5.7 Trust - built slowly and quickly destroyed

Trustin ADAS is built gradually through repeated positive experiences, but can be quickly destroyed by isolated
events. Novakazi (2023) describes how past experiences, both positive and negative, act as top-down filters on
the driver’s perception of the system with each new interaction. This is recurrent in the material: drivers who
have had a less good experience with LKA in rain or on rutted roads turn off the system, while those who have
never had a negative experience continue to use it without reflecting on its limitations.

Lee & See (2004), but also Carsten and Martens (2019) each provide theoretical frameworks for trust
calibration. However, both are primarily cognitive and information-oriented. The autonomy dimension that
emerges in our study's material, that drivers experience a need for the systems to be subordinate to the
driver's will rather than vice versa, constitutes a complementary perspective. Many of the distractions that
lead to shutting down are due to system limitations and protective design barriers — a system does not
intervene below a certain internal confidence value (although invisible to the driver), or to avoid harming
the driver with powerful steering movements, the steering torque is limited. These are rational design
decisions, but the driver often lacks the information and interprets the behaviour as unreliability.

Here one can imagine a parallel to signal detection theory describing the interaction between hits, correct
rejections, false alarms, and misses. Over time, users experience this entire spectrum and thus, if the system
is consistent in its behaviour in similar situations, manage to calibrate their trust in the assistance systems —
but when changing cars, the calibration is reset and you have to start partially from scratch again.

5.2 Knowledge, mental models and system transparency

Several participants cannot clearly describe the difference between LKA and Travel Assist (that LKA assists
and steers back when approaching the roadside, while TA continuously keeps the car in the middle of the
lane). The driver needs to understand the competence of the system and have an accurate picture of the
distribution of responsibility between driver and vehicle. Other gaps are also evidentin our results: a driver
searched for ACC activation in the menu systems for a long time, and eventually found it on the steering
wheel - perhaps too easy to find. Another does not know whether the LED matrix function is active or not
- indicated only by its function, at best an icon that indicates that the function is active, but not if it is
currently regulating the light.

A comparison with the survey results from Nabo et al. (2013) shows that attitudes towards automated
driving are largely unchanged today, thirteen years later — applications and basic attitudes are strikingly
similar. However, two changes emerge — the primary motive for wanting automation has shifted from road
safety to convenience and the opportunity to do other things while driving. At the same time, the
previously dominant disadvantages — technical problems and cost — have lost their importance. Drivers
seem to have internalised the technology as a given part of the vehicle rather than an expensive and
unreliable novelty.

We see in the survey responses that confidence in ACC is higher than in LKA, with a trend in the same
direction for driving experience. This corresponds well with the outcome in the focus groups and also with
Strand et al. (2011): ACC has become familiar and something you know when to trust, while LKA/TA is still
perceived as more unreliable and capricious. A driver requests the opportunity to try intervention by
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FCW/AEB under controlled conditions, which is linked to Carsten and Martens’ (2019) statement about
the importance of observability and predictability. Knowing the limits increases the chances of predicting
what will happen and reduces the element of surprise in intervention.

Drivers develop mental models not only of their environment, but also of how the vehicle's system works:
when it can be trusted and when it cannot. In line with Hollnagel (2002) and the functional approach to
cognition, the result is a common cognitive system, embodied in the interaction between driver, vehicle
and ADAS. When the model is unclear or incorrect, the automation surprises described by Carsten and
Martens (2019) arise: either the system intervenes when the driver does not expect it, or does not
intervene as the driver anticipated. In both cases, trust is shaken. The consequence is that the driver
recalibrates their trust or their role in the common system. The system is turned off — not necessarily
because it works badly, but because the driver doesn’t understand when and why it works the way it does.
In some cases, an “override” is carried out solely on the basis of self-determination: “he doesn’'t get to
decide” or "I choose not to signal” in situations where the system’s choice is not considered the right one.

The material thus also shows recurrent spontaneous anthropomorphism in how drivers describe the
behaviour of the systems: 'then the car becomes very angry', 'he should not be allowed to decide'.
The phenomenon is similar to the Weizenbaum effect, in that drivers attribute human characteristics to
the car without it being a deliberate design. There is a parallel to (Arabian et al., 2026), which studies
designed anthropomorphism and trust, but the spontaneous variant we see here may merit its own,
deeper analysis at a later date.

5.3 Support or intervention — user experience and driver autonomy

A central question is whether ADAS is perceived as a support or an intervention. The answer depends
entirely on whether the system acts in line with the driver's own intentions and understanding of the
situation. Perceived control is crucial: does the driver feel that the system is a tool under the driver’s
control, or does it act on its own terms?

Nabo et al. (2013) showed that drivers were more positive about systems already on the market than
about more advanced future systems, and that a fundamental dividing line emerged between two
motivations: automation for safety in difficult situations, and automation for comfort in boring driving
sessions. Today, thirteen years later, the participants’ reasoning reflects the same division.

Some of that dynamic is captured in the stick or carrot metaphor — does the system punish wrong doing,
or reward it when you get it right? The material points to the latter, but also suggests support for a third
option. Drivers who never perceive the system as meaningful also do not actively choose it. What works
are systems that make driving itself understandable and engaging — systems that the driver chooses to
use because they actually help, not because they're forced or lured into it. The ability to disengage the
systems is seen by drivers as a necessity, not a fault.

Concrete examples: a driver who travels 60.000-70.000 km a year praises Pilot Assist for helping to cope
with long driving sessions. The same system is turned off by other drivers when driving at night, who
perceive a risk of getting tired more quickly when relieved late at night. The difference lies in the context
and in the driver’s perception of what the system actually adds in that particular situation. The difference
is real, and documented by Ahlstrom et al. (2021).

Driving pleasure is also important for our drivers. Several participants opt out of LKA/TA on a curved road
because they want to control themselves and the systems’ interventions are perceived as inflexible, but
use it frequently on motorways where the driving task is perceived as boring. The driver wants to be an
active participant, and systems that respect this — that allow the driver to act without taking over the
entire experience — have the best chance of being used consistently.

Several participants also express the desire to be able to devote themselves to other tasks when the
driving mode allows — checking the phone, writing a message. Carsten and Martens (2019) note the
tension between formal demands for attention and what is realistic to expect — something that also
relates to the concept of Minimum Required Attention (MiRA), the minimum level of attention required
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for the driver to maintain their role in the system, presented by Kircher and Ahlstrom (2017). and the
question of what the driver actually does when the LKA is active, the road is straight and the driving task
is therefore relatively simple. It is precisely in these situations that support for situational awareness and
anticipation can play an important role.

5.4 Support for situational awareness and anticipation

Many participants express appreciation for systems that help them understand the world around them,
orin some cases wish that they would give better and earlier alerts about unexpected situations along the
way, as in the example where a driver describes a situation where he would appreciate an earlier warning
for a stationary truck trapped under a viaduct.

Many participants describe how BLIS and blind spot intervention have saved them in potentially critical
situations. LED Matrix headlights are generally appreciated by everyone who has used them, and finally,
those who have Night vision express how much they appreciate that the system gives them extra time to
react. All of these are examples of support for anticipation and earlier updating of their perceptual schema
of the situation.

These are consistent examples of perception support rather than attention support as described by
Reimer et al. (2026) — the systems broaden the driver's information base instead of assessing or
regulating how much attention the driver pays to the situation. We believe these two forms of support
should be seen as complementary rather than competing tracks: one system can help the driver see more,
while another monitors whether the driver is actually taking in what they see.

Our participants also express appreciation for the overall picture of the traffic situation and praise it for
giving a better picture than they can create — but we want to interpret this optimism with some caution. As
discussed in chapter 1.3, detailed SA displays risk building false trust and we, like Carsten & Martens (2019),
believe that its function should primarily be to help the driver understand the limitations of the system.

Instead, we would rather argue for reintroducing direct/dedicated and tactile controls for frequently used
functions — even functions that are not primarily related to the driving task. Avoiding having to take your
eyes off the road to adjust heat or volume is an indirect support for perception and situational awareness,
and is explicitly requested by several participants.

5.5 Technical limitations

What the systems are not yet capable of is reading the intentions of other road users. This is a fundamental
limitation that our participants, however, accurately identify ( 3.1.3 ). Although our participants are not
mind readers, it is clear that they often trust their own judgements about other road users’ future
manoeuvres based on their own past experiences and contextual information, rather than just relative
position and speed. Johnson et al. (2025) show that drivers act on perceived action possibilities in the
situation rather than abstract risk, which explains why sensor data alone is not enough to reproduce the
intent reading that human drivers do intuitively. This relates to Gibson & Crooks (1938) and “the field of
safe travel”, the description of how drivers make a mental visualisation not only of safe passage, but also
of risks — objects with a negative valence (=risk) get a spatial extent.

AR-based HUD solutions (see abbreviations) are discussed in the literature and used by some car
manufacturers for navigation information. These could potentially help to display even other relevant
information, see support for situational awareness in 5.4, but these still lack the robustness and are
outside the cost range required for wide adoption - and showing what the system sees is not the same as
showing what is actually possible to do.

For now, "Use the Force, Luke" applies — trusting your own direct perception more than an overview
display still works best in complex situations, and a calibrated technology optimism here is in order as it is
known that drivers want the information, while it is known that errors or incomplete information
presented incorrectly can do more harm than good.
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Drivers rarely demand more advanced systems, but systems that are simple, consistent and robust in their
behaviour, that drivers can learn to trust over time, such as BLIS, rather than systems whose limits are
difficult to predict even after long experience.

Thus, there is a symmetry in the limitations of the systems: just as ADAS cannot read the intention of other
road users (3.1.3), neither can the systems read the intention or actual engagement of their own driverin
the driving task — a difficulty close to the attention assessment Reimer et al. (2026) addresses (see 5.4).
The consequence is that the same support functions that help the driver in one situation can create room
for reduced engagementin the next. Several participants describe how BLIS and LKA saved situations they
otherwise missed, but the same participants also describe how they use these systems as support for
eating or sending messages while driving.

The net effect of this is unknown. Studies such as Rizzi and Strandroth (2025) have studied whether ADAS
could have prevented or mitigated fatal accidents given that the system existed, was active and
intervened in time. However, this is partly a different question, about the performance of systems in
specific scenarios. Our question is broader: to what extent systems such as LKA and Travel Assist actually
reduce the net risk of accidents in normal use, compared to the risk arising from enabling new types of
lack of attention.

5.6 Thedriver as part of a cognitive system

The results provide a coherent picture: drivers are selective in their use of ADAS. It should be the right
road, good weather and even the right level of fatigue. Novakazi's (2023) three questions: “When can |
use it?”, “What does the vehicle do?”, “What do | do?”, describe how the driver continuously calibrates their
role in the common system and illustrate that understanding the system is not a one-off phenomenon but
an ongoing process.

ADAS acts primarily at the operational level, but affects the driver’s behaviour at the three levels described
by Michon (1985), and there is a tension. When a system intervenes without the driver understanding why,
not only is operational control disrupted, but the driver's mental model of the system is updated, and the
nextinteraction with the system is coloured by that experience. This tension is directly visible in the material:
drivers who turn off Travel Assist because the warnings about steering wheel grip are perceived as
unjustified on straight motorways act rationally based on their assessment of what the situation demands.

The consequence is sometimes that the system shuts down even when it could add something in a driving
situation. However, disengagement is not always necessarily a failure — it is often an active choice of a
competentdriver who considers that the system in the specific situation does not deliver what it promises.
The underlying question is when and why the driver chooses to use the system. The answer that emerges
is: when the system is understandable, predictable and respects the role of the driver. The driver is not a
passive monitor who steps in when the automation fails — but an active cognitive actor in a common
system with the vehicle and its ADAS.

... WHEN THE SYSTEM IS UNDERSTANDABLE, PREDICTABLE
AND RESPECTS THE ROLE OF THE DRIVER.
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5.7 Summary of main findings and objectives

The study was inspired by research showing that drivers turn off driver assistance systems, and aimed to
better understand why. The starting point was to build on the previous findings that drivers want
understandable, helpful and trustworthy systems. The results provide a coherent picture of the conditions
of use, and generate a number of hypotheses for further research and design.

The initial hypothesis was that drivers would primarily want more flexible systems and better visualisation
of the system limitations. The results confirm this, there is a clear desire to see more flexible systems that
allow for individual lane positioning and learning of the driver's preferences, explain different
interventions in a clear and consistent way, and maintain explanations over time until the driver has had
time to perceive them. Carsten & Martens’ (2019) four criteria — observability, predictability,
controllability and time relevance — are directly reflected in the participants’ wishes. The ability to
disengage the systems is seen by drivers as a necessity, not a fault. Disengagement is often a rational and
competent decision, not a sign that the system has failed. Design that discourages or complicates
disengagement risks creating frustration rather than safety.

The main purpose was to generate hypotheses about how usability and user experience can be improved,
and the study identifies a number of suggestions here, e.g. that the driver should be given the opportunity
to communicate why they turn off a system, so that the system can adapt rather than disengage
completely. Another hypothesis is that making the algorithm visible to the driver would increase the
credibility of the fatigue warning. LKA's lane positioning in the dark and ACC's braking for traffic in
adjacent lanes are also examples of situations where the system'’s logic is invisible to the driver and thus
difficult to calibrate trust against. The knowledge gap goes both ways. Drivers do not always understand
how the systems work, and the systems do not always understand either the context or the driver —
however, some progress can be expected in these areas in the coming years.

When it comes to helping drivers make the right choices, the traditional approach has been to punish wrong
actions, such as with warnings, or to promote wise choices by hiding information. Our material points to a
third option beyond stick and carrot: when the driver understands what the system requires, why, and has
real latitude to influence the distribution of responsibility, an engagement arises that neither coercion nor
incentive can create. Driving, and the interaction with the vehicle, becomes meaningful in itself

The second purpose — to explore how systems should be designed to better match drivers’ expectations and
workflow — is answered by the longitudinal comparison with Nabo et al. (2013): attitudes remain largely
unchanged thirteen years later, but the motive has shifted from safety to convenience. This means that
systems designed around safety arguments alone risk missing what drivers actually value in their everyday lives.

5.8 Future research needs

We see some possible future research trails. An open question that has been raised but not answered is
what part of the driving task drivers actually want to entrust to the system, when, why and to what extent.
It is @ question we feel that the industry rarely asks; instead, a ready-made solution is often presented,
with the responsibility remaining with the driver if something goes wrong. What we want to work with is
what the study indicates: that drivers do not need to be forced or tempted into safe choices, but that
properly designed systems can create the conditions for a genuine engagement in the driving task. Future
research can thus investigate how systems can be designed to make the distribution of responsibility
between driver and vehicle visible and meaningful. In the case of adaptive systems that learn the driver's
preferences over time —when does this driver want support, and when do they want to drive themselves?

The spontaneous anthropomorphism noted in the material (5.2) may merit a closer study — especially
how it relates to research on designed anthropomorphism and trust (e.g. Arabian et al, 2026).
Further research could examine whether spontaneous perceived agency affects calibrated trust in other
ways than systems with intentionally designed human traits do, and perhaps even further if there is
something to be gained from designed anthropomorphism also in L2 automation.
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The question of cognitive distraction - when the driver's eyes are on the road but attention is elsewhere is a
challenge for today's DMS systems and deserves further research, especially in relation to LKA and Travel
Assist where the system is crucial for safety. The step to attention support according to Reimer et al. (2026)
is short, further in-depth study is required both there and within intent reading, as discussed in 5.5.

5.9 Conclusions

e Trust is built slowly through repeated positive experiences but can be destroyed by isolated
events; it must be recalibrated for each new car or context, not just built once (5.1).

e The knowledge gap between driver and system goes both ways, and is linked to system
transparency, you don't trust what you don't understand, and you don't understand what you can't
see (5.2). The unknown algorithm of the fatigue warning, LKA's lane positioning in the dark and
ACC's braking for traffic in adjacent lanes are examples of situations where the system's logic is
invisible to the driver and thus difficult to calibrate trust against.

e ADAS can be perceived as support or intervention depending on whether the system respects the
driver's autonomy and own intentions; the possibility to disengage the system is therefore
perceived as a necessity, not a design flaw (5.3). Design that discourages or complicates
disengagement risks creating frustration rather than safety.

e Drivers appreciate support for situational awareness and anticipation, but an overly detailed
overview risks building false trust rather than actual understanding (5.4).

e The return to tactile controls from the touchscreens that have dominated recently is welcomed.
Touchscreens are perceived as a safety concern rather than a matter of preference, especially for
frequent or safety-critical functions (5.4).

e Technical limitations, in particular intent analysis and the unknown net effect in normal use, limit
what ADAS can solve, which is an argument for simple, robust systems rather than increasingly
advanced technologies (5.5).
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