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Abstract

Abstract

Automated driving will fundamentally change the way car travel time is utilized. The
possibility to engage in a variety of non-driving related activities (NDRASs) is perceived as
a major user benefit. However, technical and regulatory restrictions will limit the
availability of automated driving functions for the next decades. This will result in
fragmented trips consisting of manual, assisted, and automated driving segments. The
present thesis seeks to support users of such vehicles in using their drive time as
comfortably and safely as possible. Different interaction concepts were developed to
support users prior to a drive and during automated and assisted driving. The
development followed the user-centered design process.

An introductory literature research reveals that users want to be involved in route
planning when contrasted with fragmented drives. User requirements for a trip planning
tool were derived in a workshop. Based on user needs like travel profiles, prioritization of
NDRAs, and an easy-to-interpret visualization of route alternatives, a first prototype was
designed, iteratively evaluated, and improved. Finally, a functional smartphone app was
developed and evaluated in a usability study. Besides good usability and a high level of
intention to use the app, users were able to plan a drive in a short amount of time.
Furthermore, the user requirements were highly fulfilled. In addition to the pre-drive
phase, the automated driving phase was investigated. During automated driving, NDRAs
will be performed on different devices and objects. To prepare users for interruptions
caused by transitions to manual or assisted driving, peripherally visible concepts were
developed to communicate the remaining time in automated driving in a device-
independent and non-interruptive manner. Therefore, a light-emitting diode (LED) stripe
was mounted at the bottom of the windshield. In a set of two driving simulator studies, the
developed concepts were evaluated positively. However, remaining time estimates will be
subject to uncertainty, e.g., due to changing traffic or weather conditions, updated
infrastructure information, or unforeseen route changes. Thus, a concept to communicate
time budget uncertainties was developed in a small-scale user study. However, the concept
using the well-known mobile phone connection icon to convey time budget prediction
confidence was rated too complicated in another driving simulator study. Finally, the
assisted driving phase was investigated. Users are known to quickly disengage from the
monitoring task and rather engage in NDRAs, especially when using a reliable assisted
driving function. Thus, a concept to counteract this effect by displaying short motivating
pop-up messages was designed in cooperation with usability experts. In a driving
simulator study, it was shown to have positive effects on monitoring behavior but did not
improve drivers’ reactions to a silent system malfunction.

In summary, concepts that can support users in their use of drive time were developed
and found to increase comfort and safety in the context of fragmented automated drives.
For further implementation, the actual availability and prediction capability of automated
driving systems need to be considered.
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Zusammenfassung

Zusammenfassung

Ein bedeutender Vorteil des automatisierten Fahrens ist die Moglichkeit, die Fahrtzeit
vielseitig nutzen zu koénnen. Aufgrund von technischen und regulatorischen
Einschrankungen wird es jedoch in absehbarer Zeit nicht darstellbar sein, eine komplette
Fahrt von Start bis Ziel automatisiert zu fahren. Fahrten werden daher aus manuellen,
assistierten und automatisierten Streckenanteilen bestehen. Die vorliegende Arbeit geht
der Frage nach, wie eine solche Fahrt trotz dieser Einschrankung moglichst komfortabel
und sicher nutzbar gemacht werden kann. Im Ergebnis der Arbeit stehen verschiedene,
anhand des nutzerzentrierten Designprozesses entwickelte Interaktionskonzepte.

Nutzer wollen zukliinftig in die Fahrtplanung auch beziiglich der Automation
eingebunden werden. Um dies zu realisieren, wurden Nutzeranforderungen an ein
Fahrtplanungstool im Rahmen eines Workshops erhoben. Es werden beispielsweise
Reiseprofile, die Moglichkeit, eine fahrfremde Tatigkeit zu priorisieren, sowie eine
einfache Visualisierung verschiedener Routenalternativen gewiinscht. Daraus abgeleitet
wurde ein erster Prototyp, welcher anschliefiend iterativ evaluiert und weiterentwickelt
wurde, sodass schlussendlich eine funktionsfihige Smartphone-App entstand. Diese
wurde in einer Usability-Studie bewertet und gegen die zuvor erhobenen Anforderungen
abgeglichen. Dabei zeigte sich neben einer guten Usability und einer hohen
Nutzungsabsicht auch eine schnelle Bedienung und ein hoher Erfiillungsgrad der
Nutzeranforderungen. Weitere Losungen fiir die Mensch-Maschine-Interaktion betreffen
die automatisierte Fahrt. Wahrend dieses Abschnitts werden fahrfremde Tatigkeiten auf
unterschiedlichen Geraten und mit Hilfe verschiedener Gegenstande ausgeiibt. Um Nutzer
auf Unterbrechungen durch Transitionen zum manuellen und assistierten Fahren
vorzubereiten, wurden peripher sichtbare Konzepte entwickelt, welche die verbleibende
Zeit im automatisierten Fahrmodus gerate-unabhangig und unterbrechungsfrei iiber eine
Lichtleiste in der Fensterwurzel kommunizieren. Diese Konzepte wurden in zwei
Fahrsimulatorstudien von Nutzern als hilfreich bewertet. Da solche Restzeitschdatzungen
jedoch einer gewissen Unsicherheit unterliegen werden, wurde aufderdem ein Konzept zur
Kommunikation von Ungewissheiten entwickelt. In einer weiteren Fahrsimulatorstudie
wurde es von den Probanden jedoch als schwer interpretierbar eingestuft. Als letztes
wurde die assistierte Fahrt untersucht. In fritheren Studien zeigte sich, dass sich Fahrer
schnell von der hierbei notwendigen Uberwachungsaufgabe abwenden. Ein Konzept,
welches diesem potenziell gefidhrlichen Verhalten durch kurze, motivierende Pop-Up-
Nachrichten im Head-Up Display entgegenwirken sollte, zeigte in einer
Fahrsimulatorstudie positive Effekte. Insgesamt konnten somit in der vorliegenden Arbeit
Konzepte entwickelt werden, welche die Nutzung der Reisezeit im Kontext einer
fragmentierten automatisierten Fahrt komfortabler und sicherer machen kénnen. Fiir die
weitere Umsetzung missen jedoch insbesondere die tatsdchliche Verfiigharkeit und
Vorhersagbarkeit der Automation betrachtet werden. Zudem sind weitere positive Effekte
des Fahrtplanungstools auf das Verhalten von Nutzern wahrend einer Fahrt denkbar,
hierfiir sind jedoch weitere Untersuchung notig.
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Introduction

1 Introduction

With a recent change of regulations by the United Nations Economic Commission for
Europe (UNECE, 2022), automated driving has become one step closer to reality. A reality
where drivers do not need to drive but can spend their travel time reading, working,
relaxing, and with many other activities. Unlike currently available driver assistance
systems, automated driving will not only support drivers in parts of the driving task but
replace the driver and thus allow him/her to take hands off the steering wheel and eyes
off the road (SAE International, 2021a). With this step forward in legislation, automated
driving will become more widely available and its projected advantages will become more
prominent. For decades, the effective use of travel time has been an exclusive benefit for
passengers of busses, planes, and especially trains. Consequently, only 13% of train
travelers think about their travel time as waste (Susilo et al., 2013) but 46% of car drivers
consider their time as lost (AutoScout24 GmbH, 2011). Consequently, the ability to
perform various non-driving related activities (NDRAs) has the potential to increase travel
comfort and is perceived as a key advantage of automated driving (Konig & Neumayr,
2017). Naujoks et al. (2017) highlight the possibility of NDRA engagement as an important
factor for acceptance and thus market success of automated driving functions. Moreover,
the possibility to engage in productive NDRAs (e.g., working, reading, and communication)
leads to a more positive travel time evaluation when using the train (Susilo et al., 2013)
and similar effects can be expected for automated driving. Thus, the market introduction
of automated vehicles (AVs) can have a positive economic impact. Leech et al. (2015, p. 21)
estimate a large benefit of up to 20 billion British Pounds to the UK economy, realized
through using the freed-up time productively. Similarly, Kolarova et al. (2019) expect a
higher value of travel time with the introduction of automated driving, especially for
commuting trips.

However, both legal and technical constraints restrict automated driving availability
and will continue to do so, some even say for the next decades (SAE International, 2017).
The next step in development is expected to include vehicles that cannot drive automated
from start to destination but only on certain sections of a given trip (Grater et al., 2019).
The availability of automated driving will depend on infrastructure (e.g., only on highways,
but not in tunnels and construction sites), weather (e.g.,, no snow/ice and heavy rain
possible), traffic conditions (e.g., only in traffic jams), and other factors (Grater etal., 2019;
Mercedes-Benz AG, 2022). The limited availability of future automated driving systems
(ADS) will result in fragmented drives. This causes several challenges to the comfortable
and safe use of travel time. Information on and control over the route planning process
with regard to projected automation availability will need to be increased to ensure user
satisfaction and acceptance (Hecht, Kratzert, & Bengler, 2020; Lehtonen et al,, 2021).
Present navigation systems allow users to find the shortest, fastest, or most scenic route
(Google, 2022; TomTom International, 2022) and some original equipment manufacturers
(OEMs) support customers of battery electric vehicles (BEVs) with additional information
on charging stations, the calculation of efficient routes, and allow to state certain needs
like the state of charge at the destination (Mercedes-Benz Group, 2021). With the ongoing
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market introduction of automated driving, users will want to make the most use of their
travel time using the new possibilities an ADS promises. Thus, planning tools incorporating
automation availability will become necessary to extend current navigation systems.
During automated driving, users will engage in a wide range of different NDRAs (Hecht,
Feldhiitter, et al., 2020). Then, information needs focus especially on system status and
time budget information (Hecht, Darlagiannis, & Bengler, 2020). To avoid interrupting
users during their NDRA engagement and to prepare for transitions, the human machine
interface (HMI) should communicate in a non-interruptive and device-independent way.
Furthermore, drivers will have to limit their engagement in most NDRAs to automated
driving segments (SAE International, 2021a). However, assisted driving can appear very
similar to automated driving functions but requires the driver to supervise and be reactive
to sudden events. However, past research has revealed increasing NDRA engagement
during assisted driving, thus potentially counteracting the positive effects of such
functions on safety (Boos et al., 2020). Thus, drivers will need to be supported to keep up
with the monitoring task.

The overall goal of this thesis is the design of interaction concepts to address the
described challenges resulting from fragmented automated drives. The focus is on
supporting users of AVs in the comfortable and safe use of travel time. The approach is
oriented towards the development of digital solutions including mobile applications and
in-vehicle HMI components rather than the analysis of motivational aspects or behavioral
planning. Nonetheless, this work follows the user-centered design (UCD) process (DIN EN
[SO 9241-210) with a close integration of users through iterative design and evaluation
phases throughout the development process. The focus is on the consideration of first
contact scenarios rather than on the investigation of long-term effects.
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2 Theoretical Background

First, this chapter provides background on UCD. Next, the current state of sensors and
vehicular communications is explained to understand the concept of automation
availability and the capability of predicting it. Furthermore, the use of travel time as the
central theme of this work is introduced: time use in the context of manual driving, often
leading to distraction, is discussed and activities conducted in other modes of
transportation are reviewed. Moreover, the user needs in connection with automated
driving are evaluated and current research gaps in the field of travel time use are deduced.
For a common understanding, the following terms are used throughout this thesis:

e (Dynamic) Driving Task (DDT)
According to Geiser (1985), the manual driving task is split into three categories:
primary task (navigating, maneuvering, and stabilization of the vehicle),
secondary tasks (e.g., operating the indicators or wipers), and tertiary task (e.g.,
manipulating climate control or radio). According to SAE International (2021b,
p.9), the dynamic driving task includes the subtasks lateral and longitudinal
vehicle motion control, monitoring the driving environment, object and event
response execution, maneuver planning, and enhancing conspicuity (e.g., via
lighting, signaling, gesturing).
e Non-Driving Related Activities
With automated driving, NDRAs, become the new primary task. According to
Petermann-Stock et al. (2013), NDRAs can be categorized according to their
modality and demands:
o Level 1: auditory (+ cognitive),
o Level 2: visual + auditory (+cognitive), and
o Level 3: auditory + visual + manual (+ cognitive).
In the literature, the terms non-driving related tasks and secondary tasks are also
often used (Hecht et al., 2019; Wandtner et al., 2018).
e Assisted and Automated Driving Systems
In accordance with the definition by SAE International (2021a, p. 6), the term ADS
refers to hardware and software systems that are collectively capable of
performing the entire driving task. This term is valid for L3, L4, and L5 systems
(see Chapter 2.2). Similarly, the term AV is used for vehicles capable of at least L3
automated driving. The term assisted driving refers to L1 and L2 systems that can
perform only parts of the driving task.
e Operational Design Domain (ODD)
According to SAE International (2021a), the ODD is defined as the “operating
conditions under which a given driving automation system or feature thereof is
specifically designed to function, including, but not limited to, environmental,
geographical, and time-of-day restrictions, and/or the requisite presence or
absence of certain traffic or roadway characteristics” (p. 17). Thus, ODDs cannot
necessarily be matched to stationary infrastructure elements or areas but may
depend on other characteristics. 0DDs are varied and multi-faceted and they are
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necessary to accurately describe automated driving features (SAE International,
20214, p. 33).

Transition

For this work, a transition is defined as a change from one LoA to another.
Transitions can include both monitoring activities and motion control. They can
be initiated by the system and by the driver and include both deactivation and
activation.

Human Machine Interface

The place where information is transferred from the human to the vehicle and vice
versa is referred to as the human-machine interface (HMI) (Bubb et al., 2015,
p.-272). HMIs can be categorized using the HMI framework by Bengler,
Rettenmaier, et al. (2020). This classification features dynamic, vehicle,
infotainment, automation, and external HMI. While the dynamic HMI (dHMI)
communicates both externally and internally (e.g. via trajectory), the external
HMI (eHMI) is meant to communicate the vehicle’s intention explicitly to other
road users. According to Bengler, Rettenmaier, et al. (2020), the vehicle HMI
(vHMI) shares conventional information about the vehicle’s condition, whereas
the infotainment HMI (iHMI) offers additional interfaces for NDRAs. The
automation HMI (aHMI) is meant to communicate the system status as well as the
current and future activities of the ADS. Although this work revolves around
NDRAs, the concepts developed can be assigned to the aHM], since the focus is not
on creating physical space for the processing of NDRAs but on organizational
aspects surrounding the possible execution of these activities in connection with
the ADS (Bengler, Rettenmaier, et al., 2020).
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2.1 User-Centered Design

UCD has its origins in the work of Norman and Draper (1986). However, user
orientation already started to achieve attention in product development in the 1940s
(Rothstein & Shirey, 2004). UCD is generally characterized by an integration of the users’
perspective in all stages of a design process and by the iterative execution of processes
(DIN EN ISO 9241-210). The approach relies upon the application of usability knowledge
and techniques to make interactive systems more usable (DIN EN IS0 9241-210). Research
has acknowledged the integration of users in the product development process as leading
to more efficient, safer, and easier-to-use products with higher user experience (DIN EN
1SO 9241-210).

Although a distinction can be made between UCD and human-centered design (HCD),
the terms are often used interchangeably (DIN EN ISO 9241-210). Moreover, expressions
like human-computer interaction (HCI), user experience (UX), usability, and interaction
design are used in a similar context (Da Silva et al., 2011). While HCD aims to include all
humans as possible users, UCD focuses on a target audience (DIN EN ISO 9241-210).
According to Locke (2021), targeting all users requires the inclusion of a wide range of
users to uncover every imaginable need throughout the process to design accessible and
inclusive outcomes. Furthermore, HCD and UCD are linked to the design thinking approach
(Burmester, 2022). However, according to Burmester (2022), design thinking is focused
on the development and early evaluation of visions and creative approaches and starts at
an earlier stage and with a more general approach than HCD and UCD. In 1999, the 1SO
Standard 13407 on the “Human-Centered Design Processes for Interactive Systems” was
first published (DIN EN ISO 9241-210). After years of refinement, today’s SO 9241-210 is
the norm for HCD principles and activities throughout the life cycle of computer-based
interactive systems. It is described as human- rather than user-centered as it also focuses
on a set of stakeholders who are usually not regarded as users.

HCD is an iterative process that has to be planned first (Figure 2-1). Then, it is
necessary to understand the context of use by describing users and other stakeholders and
their characteristics and goals as well as the system’s surroundings. Thereby, information
on problems, expectations, and restrictions is gathered. Next, user requirements shall be
specified based on the context of use, relevant guidelines, and organizational aspects.
Based on the first steps, design concepts can be developed and evaluated. Concepts are
refined and improved from step to step (DIN EN ISO 9241-210).
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Figure 2-1 Overview of the HCD (DIN EN ISO 9241-210)

For the success of the UCD approach, the accurate use of methods is of great
importance (DIN EN ISO 9241-210). In general, a growing and diverse mix of qualitative
and quantitative methods is available (Rothstein & Shirey, 2004). For instance, personas,
scenarios, use cases, surveys, focus groups, usability testing, heuristic evaluations, usage
analytics, and eye-tracking are applied (Vora, 2021). In a survey by Vredenburg et al.
(2002), iterative design, usability evaluation, task analysis, informal expert review, and
field studies were found the most common methods among usability practitioners.

Despite the positive impact of UCD, there are still barriers to business implementation
and its integration into agile development processes (Salah et al., 2014). A lack of time for
upfront planning activities necessary for UCD, the difficulty of modularization and of
prioritizing UCD activities, difficulties between developers and UCD practitioners, the
effort required for usability testing, and a lack of documentation in agile processes were
identified as the main challenges (Salah et al,, 2014).

2.2 Automated and Assisted Driving

The development of automated driving functions is expected to yield manifold
advantages: higher safety levels for road traffic, reduced congestion through more efficient
use of traffic infrastructure, the provision of individual mobility to people currently not
allowed or not able to drive, and more comfort through freed-up driving time (ACEA,
2019). There are several taxonomies classifying different LoAs according to the allocation
of roles between user and system, e.g., by the German Federal Highway Research Institute
BASt (Gasser, 2012) or the US-American National Highway Traffic Safety Administration
(NHTSA, 2022). The SAE International, formerly known as the Society of Automotive
Engineers, has published the standard J3016 which is the industry’s most-cited taxonomy
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(SAE International, 2021b). It distinguishes six different levels ranging from no (LO) to full

driving automation (L5; Figure 2-2).
SAE SAE
LEVEL 2" § LEVEL 3"

SAE SAE SAE SAE

LEVELO"§ LEVELT" LEVEL 4" LEVEL 5"

You are driving whenever these driver support features You are not driving when these automated driving
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What does the you are not steering “the driver's seat”
human in the
driver’s seat ) )
have to do? You must constantly supervise these support features; When the feature These automated driving features

you must steer, brake or accelerate as needed to requests, will not require you to take
maintain safety you must drive over driving

These are driver support features These are automated driving features
These features These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
to providing steering steering not operate unless all required vehicle under
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Example « adaptive cruise Wl «adaptive cruise Dttty can drive

steering
wheel may or
may not be
installed

*blind spot
warning

control control at the
same time

Features everywhere
in all
*lane departure conditions

warning

Figure 2-2 SAE J3016 Levels of Automation (SAE International, 2021b)

The LoAs L1 and L2 refer to cases in which the driver continues to perform parts of
the driving task while the assistance system is active. Starting from L3, the system
performs the entire driving task within a specific area, the ODD. The user needs to be
receptive to system-initiated requests to intervene (Rtl) but no longer needs to monitor
the system. With L4, the ADS additionally takes over the fallback feature to achieve a
minimal risk condition (if the user fails to respond). Lastly, L5 automation is capable of
sustained and unconditional performance of the driving task (SAE International, 2021a).
In contrast to the SAE International (2021a) and other rather technical taxonomies, BASt
(2021) has recently published a taxonomy of only three levels: First, there is the assisted
mode, where the system supports the driver in parts of the driving tasks, but the driver is
fully responsible and needs to supervise the system at all times. Second, in the automated
mode. The driver can engage in NDRAs but needs to be ready to take over manual control
with a sufficient time budget. Third, there is the autonomous mode. The system is capable
of driving throughout a given trip and passengers do not have a driving task at all.

2.2.1 Automated Driving Technology

As the availability of automated driving functions and its prediction is a key
component of the present work, this chapter provides an overview of the current
technology necessary to realize ADS, as well as its capabilities and limitations. From a
functional perspective, there are four primary functional blocks in an ADS (Figure 2-3)
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(Velasco-Hernandez et al., 2020). In the perception stage, the main goal is to receive data
from sensors and other sources to generate a representation of the vehicle’s status. In the
planning and decision stage, the ADS receives external information like a goal or a travel
mission, as well as traffic information and map updates, to develop along-term and a short-
term plan. These plans are then executed in the motion and vehicle control stage. Lastly,
all aspects of the vehicle are monitored in the system supervision stage. A malfunctioning
of hardware or software should not result in any harm to people, environment, or property
(Velasco-Hernandez et al., 2020).

Extarnal intaraction: Maps, |
ezt FUBRIE, UBET D), workd status, ate. t—e

Mation and
Vehicle
Control

Flanning
and
Decision

i Sensors

............ A

d

{ Actuators

Perception

-
-
£

i

System Supervision

Figure 2-3 Functional architecture for an ADS (Velasco-Hernandez et al., 2020)

From a technical perspective, an ADS consists of hardware and software components
to realize the functional blocks (Velasco-Hernandez et al, 2020). Sensors can be
categorized into proprioceptive and exteroceptive sensors and are key components for
automated driving (Yeong et al, 2021). A combination of three principal sensor
technologies for exteroceptive perception is necessary to sense the surroundings of the
ego-vehicle (Marti et al,, 2019): First, cameras are essential for object detection, such as
vulnerable road users, traffic signs, and other objects on the road and surroundings (Marti
et al, 2019). Multiple cameras can be used to retrieve depth information (Marti et al.,
2019). Besides the wide range of information, cameras are advantageous due to their
relatively low costs (Marti et al,, 2019; Yeong et al., 2021). However, varying light and
visibility conditions complicate the implementation of artificial vision algorithms (Marti et
al, 2019). Moreover, scenes with a high dynamic range (dark and strongly illuminated
areas in the same frame, e.g., when entering or exiting a tunnel) can cause a loss of
information (Marti et al., 2019).

Second, radar (Radio Detection and Ranging) sensors are used. They emit
electromagnetic waves that are reflected on objects. Based on their round-trip time,
distance can be determined (Y. Zhang et al.,, 2021). Unlike camera-based systems, radars
work independently of light and weather conditions and are reliable and precise (Yeong et
al,, 2021). A limitation of the technology is the angular resolution that restricts the ability
to separate distant targets (Marti et al.,, 2019). Furthermore, different target reflectivity
makes it difficult to process and interpret radar data, meaning that e.g., metals amplify
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radar signals, but materials like wood do not reflect them (Marti et al.,, 2019). This can
cause false positives (detection of a non-existing object) and false negatives (not detecting
an actual object) (Marti et al., 2019). Furthermore, radar sensors depend on a precise
mounting position and orientation, as any angular misalignment could have fatal
consequences for the operation of the vehicle (Rohde & Schwarz, 2022).

Third, LiDAR (Light Detection and Ranging) technology has continuously evolved over
the last decades and is one of the core perception technologies for AVs (Yeongetal., 2021).
Contrary to radar, LiDARs emit pulses of infrared beams or laser light which reflect off
target objects. These reflections are detected and the round-trip time is used to calculate
the distance to objects (Marti et al., 2019). Typically, LiDARs used in the automotive
industry make use of an array of emitters to generate a 360° 3D point cloud representing
the environment (Marti et al., 2019). LiDARs are as good as radar for distances and relative
speeds, but deliver a much higher accuracy for objects and angles and are thus able to
display pedestrians and small objects in 3D (Wildemann, 2022). A drawback associated
with LiDAR systems is high costs, especially for high vertical resolutions (Marti et al., 2019;
Wildemann, 2022). Furthermore, dark and specular objects can appear invisible to LiDARs,
and small objects are difficult to detect (Marti et al., 2019). Moreover, near-infrared LiDARs
commonly used in the automotive sector are affected by rain and fog (Marti et al., 2019;
Yeong et al., 2021). LiDAR sensors do not provide color information (Yeong et al., 2021).

To sense the vehicle state, also proprioceptive sensors are relevant for automated
driving (Velasco-Hernandez et al., 2020). Position, movement, and odometry information
is gathered using sensors like Global Navigation Satellite Systems, Inertial Measurement
Units, Inertial Navigation Systems, and encoders (Velasco-Hernandez et al, 2020).
Furthermore, high definition (HD) maps are highly accurate and detailed 3D maps that
provide globally referenced road networks and, in contrast to conventional maps, lane-
level accuracy including landmarks or the whole surrounding environment to estimate the
current vehicle position (R. Liu et al.,, 2020; Mihalj et al,, 2022). According to Mihalj et al.
(2022), HD maps deliver redundancy for onboard sensors, extend their field of view and
allow more precise path planning. They can be provided via the cloud or can be stored
directly within a vehicle (Mihalj et al, 2022). Cloud solutions are updated via
crowdsourcing, which uses data from public and private vehicles automatically and thus
delivers real-time information about the road and traffic ahead (Tchuente et al., 2021).
However, generating HD maps requires a large effort; thus, HD maps currently tend to be
restricted to research purposes (Mihalj et al., 2022).

The overall performance of an ADS is largely influenced by the chosen sensor setup
(Fayyad et al., 2020). It can be improved by using different modalities (visual, infrared,
radio waves) operating at different ranges and bandwidths and by incorporating the
outputs of each sensor in a fused output to overcome the particular sensors’ shortcomings
and thus improve the efficiency and reliability of the overall system (Fayyad et al., 2020).
Thus, multi-sensor calibration and fusion are important fields of research (see Fayyad et
al. (2020) and Yeong et al. (2021) for an overview). Sensor fusion integrates data from
multiple sensing modalities to reduce detection uncertainties and develop a consistent
model to perceive the surroundings accurately in various environmental conditions



Theoretical Background

(Fayyad et al., 2020). As the different sensors used in AV systems produce a large volume
of data and require a complex computational pipeline with multiple servers, a very high
amount of computing and electrical power is necessary and the resulting cost is an
important barrier to automated driving’s market penetration (S. Liu et al., 2017).

While in L2 systems, the driver is still responsible, L3 to L5 systems need to be highly
reliable. However, current infrastructure, originally designed for human perception, can
lead to recognition failure by ADS due to ambiguous traffic signs, design patterns,
insufficiently maintained infrastructure, and non-harmonized appearances of traffic signs
and road markings (Mihalj et al., 2022). High reliability is supposed to be achieved by
sensor redundancy, e.g., through the aforementioned sensor fusion, digitalization of the
road network, vehicular communication (V2X), and HD maps (Mihalj et al, 2022).
According to Mihalj et al. (2022), road infrastructure and vehicular communication play
an important role in achieving the desired level of reliability. Vehicular communication is
a collection of different communication types such as vehicle-to-pedestrian (V2P), vehicle-
to-network (V2N), vehicle-to-vehicle (V2V), and vehicle-to-infrastructure (V2I). V2N
(sends and streams information from the cloud) and V2I (communication with
infrastructure) are of high importance, e.g., to communicate traffic light states, road works,
road obstacle objects, congestion and queue warnings, as well as offering merging support,
and communicate adverse weather (PIARC, 2021). However, high data precision and data
transfer rates, as well as low latency are required (Mihalj et al., 2022). Different vehicular
communication protocols are used, but high vehicular densities still pose a threat to
performance for short-range communication (Mihalj et al., 2022). For long-range
communication of around 2000 m, cellular communication is used. However, 4G and LTE
do not fulfill latency and speed requirements (Mihalj et al., 2022). This is improved with
5G, that is, however, still rather restricted in its availability (Mihalj et al., 2022).

2.2.2 Legal Situation and Market Readiness

Market-available L1 and L2 systems are in accordance with current regulations based
on the Vienna Convention on Road Traffic from 1968; the driver is liable for potential
accidents (Gasser, 2012). The first L3 system available in Germany is the Mercedes Drive
Pilot, available for purchase since 2022 (Duff, 2022). This became possible with
amendments to the Road Traffic Act which entered into force in 2017 and 2021; these
regulatory changes established the framework for L3 and L4 systems in Germany (BMDV,
2021). However, ADS like the Mercedes Drive Pilot are still limited to highways and driving
speeds of up to 60 km/h. Furthermore, automated lane changes are not yet covered
(BMDV, 2021). Moreover, Mercedes’ system requires high traffic densities, lead vehicles,
and can only be operated during the daytime (Mercedes-Benz AG, 2022). It does not work
in tunnels and construction sites and only with temperatures above 3°C and dry surfaces.
Furthermore, lane markings are necessary, and highways need to be saved on an HD map
(Mercedes-Benz AG, 2022). A regulatory extension of the maximum speed for ADS for
passenger cars and light-duty vehicles up to 130 km/h on motorways is expected for 2023
and will additionally allow lane changes (UNECE, 2022).
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Besides market available systems, several test and research projects are currently
ongoing, e.g., by Waymo in California (C. Metz, 2022), GM Cruise in San Francisco (Herger,
2021), and Lyft Motional (Hyundai + Aptiv) in Las Vegas (Hawkins, 2022). Despite the
progress of ADS in the US, routes in US cities are usually less complex than in European
and Asian cities, the weather is more predictable, and pedestrians are few (Boggs et al.,
2020). In general, the introduction of automated driving functions to urban areas is more
challenging than on highways. The variety of different road users including bicyclists,
pedestrians, and other manual and automated driving vehicles, the diversity of
infrastructure elements such as narrow lanes, complex intersections, and difficult lane
marking quality make it hard for AVs to reliably act in the environment (Capallera et al.,
2019). Test projects for ADS in complex European cities can rather be seen in approaches
for shuttles operating within limited ODDs, e.g., by the technology companies EasyMile,
Baidu, or Navya (Iclodean et al., 2020). In conventional passenger vehicles, there are L2
systems that work in urban areas (see e.g., Kim et al. (2022)) and research projects are
aiming at introducing L3 and L4 for cities (e.g., @CITY (2018)). However, according to a
survey by SAE International (2017), industry experts do not expect L5 vehicles to become
widely available before the 2050s. In line with this, Grater et al. (2019) state that the
availability of L5 private vehicles on all public roads is “not yet foreseeable” (p. 15).

To overcome deficits encountered with current ADS and consequently help AVs
through difficult situations they cannot handle on their own, remote control solutions
became an important topic in research and industry (T. Zhang, 2020). Furthermore, safety
approval of ADS is still under discussion and valid proof of automation safety remains
challenging. Present approval methods are not economically and practically feasible (so-
called approval trap, Winner (2015)). Thus, research is looking into virtual testing of ADS
(Dona & Ciuffo, 2022), as well as into approaches considering the entire system of humans,
machines, and other road users from a risk assessment perspective using tools like the
Functional Resonance Analysis Method (Grabbe et al., 2020).

2.2.3 Transitions

In L2 driving, the driver is continuously required to monitor the driving environment,
the system performs longitudinal and lateral vehicle motion control. In case of system or
vehicle malfunctions, the driver is expected to intervene immediately and perform the
entire driving task (SAE International, 2021a, p. 25). Past human factors research has
focused on both silent malfunctions (without notice, e.g., Boos et al. (2020), Feierle et al.
(2021), Pipkorn et al. (2021)) or communicated take-over situations (with short time
budget; e.g., Naujoks et al. (2015)).

In L3, the driver is called fallback-ready user who is receptive to Rtls and needs to
respond by performing the manual driving task in a timely manner (SAE International,
2021a, p. 26). Unlike L1 or L2 driver support features, L3 (and L4) systems are designed
to monitor and enforce their ODD limitations while engaged to prevent engagement or
operation outside their ODD (SAE International, 2021a). The transition to manual is seen
as crucial for the safety and comfort of L3 automation and consequently past human
factors research has heavily focused on non-predictable transitions in L3 automation (see
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B. Zhang et al. (2019) for an overview). Take-over performance is quantified in timing
aspects (take-over time, time-to-collision) and qualitative measures (maximum lateral and
longitudinal acceleration) (Gold & Bengler, 2014). Furthermore, industry and research
have investigated driver state and situational aspects influencing take-over performance
(see B. Zhang et al. (2019) for an overview), as well as approaches to quantify the driver
state (see Hecht et al. (2019) for an overview), and the design of HMI concepts for safe,
efficient, and comfortable transitions (e.g., Petermeijer et al. (2017)). Furthermore, the
influence of different NDRA characteristics on drivers’ ability to regain manual control was
investigated in many studies (B. Zhang et al.,, 2019).

In L4, when approaching an ODD (or in case of an ADS failure), the driver is prompted
to take over the manual driving task if a sufficient time budget is available. In case of
missing interventions by the driver, the vehicle performs a maneuver to achieve a minimal
risk condition. The minimal risk condition is defined as a “stable, stopped condition in
order to reduce the risk of a crash when a given trip cannot or should not be continued.”
(SAE International, 2021a, p. 15)

2.2.4 Automation Availability and Prediction

Assisted and automated driving systems function within their specific ODD. Based on
the ODD, several driving automation system features can be available during a given trip.
Consequently, the ERTRAC working group “Connectivity and Automated Driving” pictures
fragmented drives to be realized in the 2020s (Grater et al, 2019, p. 13). Figure 2-4
visulizes an imaginary drive from Garching to Lake Starnberg. The exemplary ADS only
becomes available on the highway, the “first mile” needs to be driven manually. In addition,
a transition to manual or assisted driving is necessary when changing the highway.
Furthermore, ADS availability is limited due to a construction site and adverse weather.
During the final part of the drive on rural roads, the ADS is not applicable.
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Figure 2-4 Example of a fragmented drive with manual, assisted, and automated driving segments
(Google Maps, editing by author)

ADS monitor their ODD in order to adapt longitudinal and lateral control in response
to infrastructural and environmental requirements and to eventually ask the driver to take
over the execution of the driving task if the requirements of the DDT are about to leave the
ODD of the function (SAE International, 2021a, p. 28). Transitions can be predicted based
on infrastructure information (e.g., highways, tunnels, low radius curves), vehicular
communication, and weather forecasts (see Chapter 2.2.4). However, as these information
sources include uncertainties, such predictions will be prone to errors. In case of sudden
unforeseeable events (e.g., defective vehicle in a standstill on ego lane, unknown
construction sites, hard- or software issues, sudden adverse weather events) the ADS will
request the driver to take over manual control or execute a minimal risk maneuver (see
Chapter 2.2.3). According to Holldnder and Pfleging (2018), the majority of transitions will
be predictable. This assumption is supported by Capallera et al. (2019) who have analyzed
owner manuals of market-available L2 systems: most limitations in longitudinal and
lateral control stem from road (e.g., shape and slope) and lane (lane markings and road
surface) issues, followed by environment (weather, temperature), external human factors
(behavior of humans outside the ego vehicle), vehicle alteration (obstructed or damaged
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sensors, unauthorized modifications), and obstacles (static or mobile objects on the road).
Currently, the most common causes for disengagements among vehicle companies testing
in California are planning discrepancies, hard-/software discrepancies, perception
discrepancies, environmental/other road user, and control discrepancies (Boggs et al.,
2020). According to Boggs et al. (2020), the number of disengagements is higher on
streets/roads than on freeways/highways.

2.2.,5 Summary and Implications

As the technology for assisted and automated driving systems is evolving, more
driverless test fleets and shuttles run on closed or public streets and more assistance and
automation systems become available in conventional passenger vehicles. However,
legislation and technical restrictions lead to limited ODDs. For privately owned vehicles,
driving fully automated on a given trip from start to destination is in the far future.
Fragmented drives with manual, assisted, and automated driving in the course of a trip are
the most likely scenario. Infrastructure elements can predict the availability of automated
driving, but also weather forecasts, traffic information, and V2X information can help
estimate automation availability.

2.3 Use of Travel Time

The possibility of being able to use travel time freely is an important benefit for train
travelers (Ettema & Verschuren, 2007; Lyons et al, 2007; Wang & Loo, 2019).
Consequently, the introduction of ADS has the potential to change the way car travel time
is utilized. While in manual and assisted driving, only a limited range of activities other
than driving is legal and distraction has consequently been an important field of research
for decades (Ranney et al,, 2001; Young & Regan, 2007), the driver becomes a passenger
in an AV. In the following, past research on driver distraction in the context of manual and
assisted driving is briefly summarized, and users’ expectations of NDRA engagement in
automated driving are tackled, as well as activities during train rides.

2.3.1 Travel Time as Driver

Driver distraction and its causes and consequences have been an issue in the context
of manual driving for decades (see Young and Regan (2007) for an overview). Nonetheless,
there is no universally agreed-upon definition of driver distraction (Young & Regan, 2007).
During manual driving, drivers engage in a variety of activities like talking to other
passengers, using wireless devices like mobile phones or tablets, drinking, eating, and
manipulating in-vehicle infotainment and navigation systems (Neale et al., 2005).
According to Young and Regan (2007), the engagement in tertiary tasks can be explained
by the fact that many aspects of the driving task become automated with experience and
that drivers are often capable of dividing their attention between concurrent tasks without
serious consequences. Furthermore, drivers can adapt their driving to meet the demands
of the driving environment, for instance by decreasing speed, increasing distance to
surrounding traffic, and changing attention allocation (see Young and Regan (2007) for an
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overview). However, any activity that competes for drivers’ attention has the potential to
degrade driving performance. When drivers no longer allocate sufficient attention to the
driving task, serious consequences for road safety can be the result (Young & Regan, 2007).
According to Young and Regan (2007), the potential of an NDRA to distract depends on
numerous factors, including task complexity, current driving demands, driver experience
and skill, and the willingness of the driver to engage in the task. NDRAs are known to
impair driving performance on several safety critical measures, e.g., impaired lateral and
longitudinal vehicle control, increased reaction times in critical events, as well as an
increased risk of being involved in a vehicle crash (Drews et al., 2009; Neale et al., 2005).

In assisted driving, drivers are still considered an integral part of the driving task.
However, assisted driving can appear very similar to automated driving, especially in the
case of reliable H-off systems. With such systems, drivers tend to disengage from their
monitoring task easily and rather engage in NDRAs (Banks et al., 2018; Boos et al., 2020;
Llaneras et al,, 2013). However, decreasing visual attention to the road ahead was found
to increase crash probability since the likelihood of appropriate intervention in critical
scenarios is significantly reduced (Boos et al., 2020; Louw et al., 2019). In line with that,
Mole et al. (2020) predict a high rate of unsafe outcomes in plausible L2 failure scenarios.
Like in manual driving, drivers adapt their NDRA engagement to the situation: Naujoks et
al. (2015) found a strong relation between task execution and driven velocity; tasks were
mainly conducted at lower speeds.

2.3.2 Travel Time as Passenger

Research on travel behavior modeling has widely assumed that travel is a source of
disutility that individuals seek to minimize (Susilo et al., 2013). However, more recent
investigations revealed that engagement in activities during travel can make trips more
enjoyable and productive: next to listening to music, also working/studying (Ettema &
Verschuren, 2007; Lyons et al., 2007) and entertainment (Wang & Loo, 2019) positively
influence the value of travel time. However, this depends also on the trip’s purpose (Wang
& Loo, 2019). According to Mokhtarian and Salomon (2001), the positive utility of travel
time is thought to have three components: the act of travel itself, the utility of engagement
in the activity at the destination, and the utility of activities that can be conducted while
traveling.

With automated driving, there is a paradigm shift. Users are allowed to spend a longer
time on NDRAs before switching to an interrupting task (e.g., taking over manual control).
Consequently, the likelihood of NDRA engagement was found to rise with LoA (Llaneras et
al,, 2013; Naujoks et al., 2016). Based on a meta-analysis, Winter et al. (2014) predict an
increase in task engagement by 261% from manual to L3 automated driving. Because the
first L3 ADS has only recently been introduced (see Chapter 2.2.2), it can be helpful to take
a closer look at passenger activities during train rides. Moreover, surveys, simulator
studies, and first on-road studies were conducted to better understand drivers’ NDRA
engagement.

With the help of passenger observation, Pfleging et al. (2016) found the majority of
subway passengers do nothing, read newspapers, talk to passengers, look out of the
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window, and read or type on the phone. In additional interviews, subway passengers
answered to mainly text, talk to passengers, use social media, make use of phone apps,
listen to music/radio, and do phone calls when taking public transportation. Similarly, in
a survey by Thalys (2013), participants answered to preferably read newspapers and
magazines, relax/do nothing, read a book, listen to music, sleep, play games, work, or
watch a movie during long-distance train rides. Unsurprisingly, business travelers tend to
work more, but read, relax, and sleep less (Thalys, 2013). To better understand what
people will do in future ADS, Pfleging et al. (2016) also conducted an online survey.
Participants answered that they will most frequently listen to music, talk to other
passengers, watch out of the window, text, browse the internet, eat & drink, and do phone
calls. Similarly, Fraedrich et al. (2016, p. 71) found gazing out of the window, conversing
with other passengers, and relaxing to be most attractive based on an online survey. In line
with that, listening to music/radio, talking to other passengers, and conducting phone calls
were rated as the most likely activities in an online survey by Sommer (2013).

These activities appear similar to activities currently conducted during manual
driving (see Chapter 2.3.1). Visually engaging activities were rated less appealing in
surveys on future activities during automated driving. However, in simulator studies,
Hecht, Feldhiitter, et al. (2020) and Large et al. (2017) found participants to quickly begin
with visually engaging NDRAs. Moreover, NDRAs were found more similar to activities
conducted during train rides: reading an article or magazine, social networking activities,
web-browsing, and watching movies (Large et al., 2017), respectively browsing the mobile
phone, reading books and magazines, browsing the tablet, and watching videos
(Feldhiitter et al., 2018). Klingegard et al. (2020) were able to confirm these driving
simulator study results in an on-road study using a Wizard of Oz L4 AV. Results show that
drivers shift their attention to a great extent from the road to visually and cognitively
demanding activities. Moreover, participants were able to perform the NDRA equally well
as in an office. Thus, online surveys and interviews are possibly influenced by the lack of
experience with automated driving. Hecht, Darlagiannis, and Bengler (2020) conclude that
future activities conducted in AVs will be diverse, involve a large range of items (phone,
tablet, book, food, drinks, etc.), and most of the conducted tasks will be visually engaging.
Furthermore, the chosen activities will be prone to inter- and intra-individual differences
and the choice of NDRAs during travel will be influenced by many factors: besides available
time budget, additional passengers, vehicle interior design, users’ age, and trip purpose
will likely influence the attractiveness of NDRAs (Hecht, Feldhiitter, et al., 2020; Large et
al,, 2017).

2.4 User Needs in the Context of Fragmented Drives

For this work, a drive is deconstructed into three parts: the pre-drive phase, the
automated driving phase, and the assisted driving phase. In the following, resulting user
needs and approaches to addressing them are investigated.
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2.4.1 Pre-Drive

In general, human planning is hierarchical. It starts with a rough mental sketch of
goals that should be achieved and is then iteratively refined into a detailed sequence of
sub-goals and sub-sub-goals, down to the actual sequence of bodily movements (Tomov et
al,, 2020). Interdependent decisions about what to perform where, at what time, for what
duration, with whom, and in what sequence lead to an activity schedule that impacts travel
behavior (Doherty & Miller, 2000). From research on train travel, it is known that
especially business travelers do advance planning. The longer the journey, the more likely
people are to plan in advance. Moreover, the more people plan, the more they consider
their time worthwhile (Lyons et al., 2007). According to Wandtner et al. (2018), also NDRA
engagement is planned on a higher level.

To plan ahead, information is required. For specific use cases in the mobility sector,
information and planning tools have been developed to improve user experience and user
control. For instance, the French railway company SNCF supports travelers of the high-
speed train TGV with information on the Wi-Fi quality during train rides with a map-based
visualization (see Figure 2-5) (Chicheportiche, 2016). This allows users to plan their
activities according to internet connection availability.
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Figure 2-5 Overview of projected Wi-Fi quality during a TGV trip (Belkaab, 2016)

As a day is full of scheduling tasks next to route planning, other domains can also be
incorporated into vehicle HMIs to ease day and work planning for users through a holistic
approach. A first step can be seen in the integration of personal calendars, e.g., Tesla’s
Autopilot connects with the calendar to calculate the route to a meeting (Tesla, 2022) and
BMW’s Intelligent Personal Assistant automatically searches for parking lots at the
destination, informs about traffic jams on the route, and reminds drivers to start their
drives on time (BMW, 2018).
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To improve user information, refining user control has been researched in
recommender systems, a technology that proactively suggests items of interest to users
based on their objective behavior or stated preferences (Pu et al.,, 2012). User control,
defined as “the range of ways to manipulate the content” (IGI Global, 2022), can positively
influence user satisfaction (Pu et al, 2012). Furthermore, perceived output quality is
improved (Harper et al., 2015), cognitive load decreased, and user acceptance increased
(Jin et al,, 2018).

Current navigation systems for car drivers, no matter whether built-in or on mobile
devices, already grant some possibilities for user control and advanced planning. The tools
provide options such as finding the shortest or fastest route, or avoiding toll roads and
ferries (Google, 2022; TomTom International, 2022). Another example of user information
and increased user control is the improvement of current navigation systems for BEVs to
deal with drawbacks of the technology (e.g., short range, long charging durations). For
instance, Mercedes equips their vehicles with advanced navigation systems that are able
to calculate the most energy-efficient route and automatically include charging stops
(Mercedes-Benz Group, 2021). In addition, topography and temperature can be taken into
account and the route is continuously updated during the drive (Mercedes-Benz Group,
2021). It is also possible to define a certain state of charge on arrival to include a buffer or
to have enough battery capacity for a follow-up drive (Mercedes-Benz Group, 2021). Some
apps and tools also include settings like the minimum amount of charging spots at a
charging station, preferences regarding the amount and length of charging stops, exclude
certain operators of charging stations, and search for restaurants or supermarkets close to
the charging point (see Bonnighausen (2022) for an overview). In addition, some apps
learn from users’ preferences and automatically adapt their route suggestions
(Bonnighausen, 2022). The need to further extend route planning for fragmented
automated drives has been expressed by Hecht, Kratzert, and Bengler (2020) and
Lehtonen etal. (2021): while the first revealed a positive attitude towards accepting longer
drive durations in exchange for fewer transitions, Lehtonen et al. (2021) found that users
are willing to accept longer travel times if this increases the share of automated driving.

2.4.2 Automated Drive

While previous research on the planning phase of a fragmented drive is limited, user
information needs before and during an automated driving phase were already
investigated. In line with findings on NDRA engagement, information needs during active
ADS concern system status and time budget information, maneuvers, and environmental
information, as well as navigation, speed, and speed limits (Beggiato et al., 2015; Feierle,
Danner, et al., 2020; Hecht, Darlagiannis, & Bengler, 2020). Moreover, engaging in a visual
NDRA was found to lower the importance of most information items, especially situation-
related items like speed, maneuvers, and detected surrounding elements lose importance.
Simultaneously, time budget information remains equally desired by participants, no
matter if engaged in an NDRA or not (Hecht, Darlagiannis, & Bengler, 2020). Additionally,
the importance of time budget information that helps to prepare for interruptions through
transitions is highlighted by previous research on interruption effects. Transitions from
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automated to manual driving can interrupt the user in his primary activity, the NDRA.
Interruptions were found to worsen primary task performance by additional time
required to finish the primary task, by a higher load on the working memory, and through
higher error rates (Altmann & Trafton, 2004; Edwards & Gronlund, 1998). Moreover,
discomfort is induced by increasing subjectively experienced annoyance and anxiety
(Bailey & Konstan, 2006). Especially when interrupting a complex task, the total workload
is increased (Speier et al,, 1999; Weigl et al., 2012). Also, it is known that interrupting
requires self-control. However, human self-control capabilities are limited and decrease
over time (Muraven et al., 1998). Thus, interruptions can lead to task perseveration (i.e.,
the continuation of the primary task), especially when engaged in complex tasks which are
close to completion (Heath et al., 1999; Kivetz et al., 2006). Task perseveration in take-
over situations can have negative effects on the take-over quality (Wandtner et al., 2018).

Due to the importance of time budget information, several studies have investigated
ways of communicating the remaining time until a system limit. Richardson et al. (2018)
evaluated both time- and distance-based predictive HMIs and found them to lower
workload and higher acceptance and usability compared to a baseline HMI. Hollander and
Pfleging (2018) found that not displaying a planned transition leads to lower usability
scores. Wandtner et al. (2018) have revealed a positive impact of an overview of an entire
drive with automated and manual driving segments on the ability to choose a suitable
NDRA. However, if the predictive HMI element is not integrated into or displayed close by
the NDRA, positive effects seem to diminish (Hecht, Kratzert, & Bengler, 2020). If time
budget information is not directly or peripherally visible, the driver has to direct attention
to the display and thus interrupts the primary activity or misses the information.

Furthermore, time budget predictions will be prone to changes, e.g., due to updated
infrastructure, traffic, or weather information, as well as through route changes (see
Chapter 2.2.4). The visualization of uncertainty information has been an important field of
research in aviation (McGuirl & Sarter, 2006) and recommender systems (Shani et al.,
2013). In addition, weather forecasts quantify the likelihood of rain in percent to convey
the confidence of the forecast (Sillin, 2022). Moreover, communicating uncertainties has
recently been implemented in the context of assisted and automated driving, e.g., to convey
the confidence of an ADS to drive in a certain situation in automated driving mode (Beller
et al,, 2013; Helldin et al,, 2013; Large et al.,, 2017). Even though these studies show
promising effects of confidence displays, no approach enriches time budget information
with prediction confidence.

2.4.3 Assisted Drive

While users can engage in a variety of NDRAs during automated driving, L2 assistance
requires the user to monitor the system and surroundings. However, L2 and L3/L4 can
appear very similar. Past research found that users increasingly neglect this obligation and
engage in NDRAs instead (see Chapter 2.3.1). Thus, current L2 H-on and H-off systems use
different driver monitoring systems (DMS) to ensure users’ compliance with supervision
requirements: H-on DMS are based on the steering wheel torque or capacitive sensors to
detect drivers’ hands on the wheel (Schweber, 20213, 2021b). H-off systems use cameras
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to detect drivers’ visual attention allocation (e.g., Cadillac (2022)). However, DMS are
prone to misuse and can be bypassed (Alvarez, 2021; Bindley & Elliott, 2021).

The reasons for the observed violations were investigated by Boos et al. (2020). In a
driving simulator study in the context of drives with both L2 and L3, reliance, physical
tiredness, and higher attractiveness of NDRAs compared to the monitoring task were
found central factors. Lack of mode awareness, i.e., the general knowledge of levels and
currently engaged LoA, was not the main cause of the observed violations (Boos et al,,
2020). It can be concluded that users are aware of their obligation but prefer to engage in
NDRAs due to a lack of motivation and self-regulation. Potential countermeasures to such
rule-breaking behavior were investigated in the past. Tice et al. (2007) proved that
inducing a positive mood or emotion can help regain the capability of effective self-
regulation. A common approach to implementing emotion regulation is to deliver
information via facial expressions by using smiley faces. In a naturalistic driving study by
Rattenbury (2020), the idea of emotion regulation via facial expression has been
implemented with smiley faces on road speed signs and was found to decrease average
speeds and the number of speed violators. Similarly, the Affective Intelligent Driving Agent
by Williams et al. (2014) was found to promote safe driving behaviors and reduce cognitive
load. Another approach to address driving safety is message framing. Different strategies
of message formulation influence behavior adoption rates and their efficiency (Lewis et al.,
2008). According to the protection motivation theory, a social cognitive model, the
intention to engage in an activity is influenced by the cognitive response to maladaptation
(e.g., speeding) and alternative behaviors (e.g., driving within the speed limit) (Maddux &
Rogers, 1983). Glendon and Walker (2013) found anti-speeding messages based on the
protection motivation theory to be of higher effectiveness than previously used messages
in France. Chaurand et al. (2015) discovered gain-framed anti-speeding messages to be
more efficient than loss-framed messages.
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3 Objectives and Research Questions

The use of travel time is an important aspect for train travelers and mobility
providers. For good reason, car drivers are currently restricted in their ability to utilize
drive time. The introduction of automated driving opens new possibilities but also
challenges for car manufacturers and users. The possibility to engage in a wide variety of
NDRAs during automated driving is an essential advantage of such systems. However,
current technical and legal limitations restrict automated driving functions to certain
ODDs. Given infrastructure can be used to predict the availability of automated driving, but
also weather forecasts, traffic and V2X information. Past human factors research has
focused on different aspects of NDRAs but not on the support of travel time use. Thus, the
central aspect of this thesis is to develop interaction concepts that support users in the
context of fragmented automated drives with their comfortable and safe travel time use.

Based on the state of research, this work aims to answer the following research
questions (RQs):

RQ1 (pre-drive): How can the predicted automation availability be integrated into the
route planning process?

a. What are user needs concerning route planning?
b. How can these user needs be transferred in a route planning tool?
c. Does aroute planning tool increase user control over the route planning process?

RQ2 (automated drive): How can the HMI for an ADS be supplemented with peripheral
visibility of system status and time budget information?

a. Does peripheral visibility of time budget information increase usability,
acceptance, and trust in automated driving?

b. What is the best way to visualize system status and time budget information
peripherally?

RQ3 (automated drive): How can the HMI for an ADS be supplemented with uncertainty
information?

a. Does offering additional information on the prediction quality of time budget
information increase the subjective evaluation of the system?

RQ4 (assisted drive): How can drivers be supported in carrying out their monitoring task
during L2 assisted driving?

a. Does adding pop-up messages in the HUD using message framing and affective
elements help drivers refrain from NDRA engagement and improve the reaction to
a system malfunction?

b. Does the additional information yield negative effects like increased workload or
distraction?
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4 Methodology

This work followed the HCD design approach (DIN EN ISO 9241-210) for the
development of interactive systems for all three researched segments of a fragmented
drive. However, as the focus is on users rather than on other stakeholders, the term UCD
is used in the following.

4.1 Context of Use

Parts of this work were realized within the @CITY project. As this project aimed at
introducing automated driving features for privately owned conventional vehicles in
urban environments, the present thesis focused on evaluating the developed interaction
concepts in city environments. Such complex conditions pose high demands to the
perception, planning, and vehicle control capabilities of ADS. Thus, transitions are
expected to occur more frequently than in highway conditions.

Based on the current and projected stage of technical and legal development (see
Chapter 2), the following assumptions were formulated for this work:

e Fragmented drives: automated driving is available only on sections of a given
route, not for a complete trip from start to destination.

o Predictable fragments: automated driving segments are mainly predictable, e.g.,
based on maps, weather forecasts, and V2X communication.

e Levels of automation: besides automated driving, vehicles will also feature manual
and assisted driving.

e Conventional vehicle interior: vehicles are designed to be operated by an in-vehicle
driver and are thus equipped with steering wheels and pedals.

e Malfunctions and transitions: During assisted driving, system limits and
malfunctions may appear without any warning. During automated driving, there
are sufficient time budgets and minimal risk maneuvers.

Users of future vehicles with assisted and automated driving functions are expected
to cover a wide age range and include all genders. However, manual driving will still be
necessary, the possession of a driving license and the unrestricted ability to do so is
presumed.

4.2 Tools and Apparatus

Based on the UCD, several tools were chosen to fulfill the formulated research goals
efficiently and effectively:

e Understand the context of use and user requirements:
o Literature review
o User workshop

e Develop design concepts:
o Click dummies
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o Simple prototypes in reduced environments

o Interaction concepts with a reduced feature set
e Evaluations from a user perspective:

o Small-scale user studies

o Expert evaluations

o Driving simulator studies

Design and evaluations of interaction concepts were carried out depending on the
development stage. Small-scale user studies and expert evaluations were part of the
evaluation process, as five users are known to be good enough to uncover 85% of all
usability issues (Nielsen, 2000). In the studies on assisted and automated driving phases
(Hecht, Danner, et al., 2020; Hecht, Weng, Kick, & Bengler, 2022; Hecht, Zhou, & Bengler,
2022), driving simulator studies were conducted in a dynamic seat box at the Chair of
Ergonomics at the Technical University of Munich (TUM). It was equipped with pedals and
a steering wheel, three 55” ultra-HD monitors creating a 120° field of view, two displays
for the side mirrors, and a 13” monitor behind the steering wheel to display the instrument
cluster (IC). The IC displayed was based on the adaptive concept by Feierle, Biicherl, et al.
(2020). Furthermore, the seat box featured a motion platform to induce pitch and roll
motions and a LED stripe positioned on the dashboard. The latter was connected to the
driving simulator software to display information depending on the current driving
situation. The simulator was run with the software SILAB, allowing to create different
driving environments, traffic flows, and levels of automation freely. In driving simulator
studies where gaze behavior was assessed (Hecht, Weng, Kick, & Bengler, 2022; Hecht,
Zhou, & Bengler, 2022), the head-mounted eye-tracking system Dikablis by Ergoneers was
applied.
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5 Summary of Publications

The present work is divided into three parts (Figure 5-1): first, the pre-drive phase is
examined. Two publications (Hecht, Sievers, & Bengler, 2020; Hecht, Weng, Drexl, &
Bengler, 2022) describe the iterative process of designing an app-based route planning
tool for fragmented drives, taking the automation availability on a given route into account.
The goal is to thereby enable users to plan a route according to their current needs. The
final concept is evaluated in a usability study.

Two publications (Hecht, Danner, et al., 2020; Hecht, Weng, Kick, & Bengler, 2022)
describe user information needs during the automated driving phase and how they can be
addressed. The first paper targets the design of an HMI element to inform users of the
available time budget and the system status in a non-interruptive and device-independent
manner. Building upon previous research, different color-coded LED stripe concepts are
iteratively developed and evaluated in two driving simulator studies. In the second
publication, communication of time budget prediction uncertainties is tackled. Based on
previous research on confidence displays, an HMI concept using the well-known mobile
phone connection symbol is developed and evaluated in a driving simulator study.

The third part of this work addresses the assisted driving phase and the driver
monitoring task (Hecht, Zhou, & Bengler, 2022). The goal is to design an HMI solution that
motivates users to continue their supervision task. An HMI concept using message framing
and affective elements is designed and assessed in a driving simulator study.

()

Pre-Drive Automated Drive Assisted Drive
* User control * Time budget * Monitoring task
* Route planning communication * Misuse prevention
* Fragmented drives * Prediction * Malfunction
uncertainty
Articles 1 & 2 Articles 3 & 4 Article 5

Figure 5-1 Outline of the present work
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5.1 Investigating User Needs for Trip Planning with Limited Availability
of Automated Driving Functions

Hecht, T, Sievers, M., & Bengler, K. (2020). Investigating User Needs for Trip Planning with Limited Availability
of Automated Driving Functions. In C. Stephanidis & M. Antona (Eds.), HCI International 2020 - Posters (pp.
359-366). Springer International Publishing.

The objective of this work was to understand user requirements for a tool for route
planning with regard to automation availability. To efficiently use the automated driving
time, avoid unnecessary interruptions, and schedule activities in advance, a new feature to
currently available route planning tools was suspected to become necessary. An initial
literature research proved the general user need and the inexistence of such concepts at
present. A participatory design workshop with two usability experts and three naive users
was conducted. This resulted in several user needs that were clustered into the two
categories “user inputs” and “system responsibilities” (Table 5.1).

Table 5.1 User requirements for a route planning tool (Hecht, Sievers, & Bengler, 2020)

User inputs: the user would like to ... System responsibilities: the system should ...

R1) ... configure the general priorities for the R7) ... provide the user with a comparison of key

current trip, e.g., on-time arrival or maximization
of uninterrupted automated driving sections.

R2) ... set a minimum continuous period that a trip
segment offering a certain automation level must
last for it to be accounted for in the route planning
process.

R3) ... set the uninterrupted completion of an
important NDRA as an absolute priority
irrespective of the consequences on travel time.

R4) ... choose from a customizable selection of
standard destinations with preconfigured trip
priority settings.

R5) ... choose from a customizable selection of

standard travel priority settings when selecting a
destination.

R6) ... invest as little time as possible in planning
the trip while still finding the route that best suits
their needs.

data on the various route options, such as the
arrival times or an overview of the available LoAs.

R8) ... provide the user with a reliable prediction on
the of driving automation
throughout the trip.

available levels

R9) ... take real-time data into account to improve
the accuracy of the predicted travel times and the
available LoAs on various route options, such as
data on traffic congestion, route closures, or
weather conditions.

R10) ... adaptits general route planning behavior to
match the user’s overall, long-term preferences.

R11) ... adapt its trip-specific route planning
behavior to best suit the user’s current priorities,
NDRA requests as well as mental and physical
state.

R12) ... proactively warn the user about unusual
circumstances affecting travel time or NDRA
possibilities.

R13) ..
changing the route during a trip, unless the user has
given the system explicit permission to
continuously optimize the route for a certain

always await the user’s consent before

priority, such as achieving the shortest possible
travel time.

While these findings confirm prior results obtained by Hecht, Kratzert, and Bengler
(2020) and Lehtonen et al. (2021) on the importance of increasing user control in the route
planning process of fragmented automated drives, they also form the basis a first low-
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fidelity prototype. This was designed for an in-vehicle touch navigation system using the
wireframing tool Balsamiq. The prototype included user and trip profiles to save
preferences for the route calculation and provided users with different route alternatives
which can be visualized in an abstract manner to focus on the automation availability. It
marked an intermediate state that needed to be iteratively evaluated and improved upon.

My personal contribution to this article included the definition of the research
questions, processing and analysis of data, design of the Balsamiq prototype, writing of the
manuscript, and involvement in the preparation and execution of the participatory design
workshop.
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5.2 User-Centered Development of a Route Planning App for
Fragmented Automated Drives

Hecht, T., Weng, S., Drexl, A.,, & Bengler, K. (2022). User-Centered Development of a Route Planning App for
Fragmented Automated Drives. In H. Kromker (Ed.), Lecture Notes in Computer Science. HCI in Mobility,
Transport, and Automotive Systems (Vol. 13335, pp. 134-150). Springer International Publishing.
https://doi.org/10.1007 /978-3-031-04987-3_9

Based upon the first prototype described in the previous article, three small-scale user
studies were performed to subsequently improve the route planning tool. First, the in-
vehicle Balsamiq prototype was evaluated in a study with five naive users and
consequently transferred into a mobile phone format using the more elaborated tool
Adobe XD. Two follow-up studies revealed further improvements, e.g.,, concerning the
travel profile settings and the need for additional information. In consequence, a
disclaimer was created to draw attention to possible deviations from planning and reality.
Then, an Android app using the widespread software development kit Flutter was
developed. With a link to google maps, the app allowed to calculate routes from and to
every point in Germany. As no actual data on automation availability was public during the
development process, the automated driving segments were randomly generated
following certain rules. While some simplifications were necessary to ease the
implementation (e.g., no intermediate stops and no exchange of start and destination), the
app covers all relevant functions drafted in the final Adobe XD prototype. To eliminate
errors that stem from the Flutter implementation or the limited functionality of the
prototypes, an expert evaluation was conducted after the implementation phase. Once
again, improvements concerning the visualization of automated driving segments, design
simplifications, and help texts were derived from the three usability experts that were part
of this study. Next, the fully functional mobile phone app was evaluated regarding the
fulfillment of previously derived user needs, usability, acceptance, and further options for
improvements. For this purpose, 23 participants executed six different tasks supposed to
be representative of future use cases. Results in both quantitative and qualitative metrics
revealed that the tasks were well handled and user requirements were fulfilled to a high
degree. While there were ideas for the improvement of both the design and functional
aspects of the app, a high overall usability score was yielded and participants stated a high
intention to use.

The developed app can be seen as a possible extension to existing mobile phone tools
that already allow one to plan a route on a mobile phone (Audi AG, 2022). However, the
usefulness of the proposed app concept will depend on the future automation scenario and
yield the largest benefits in cases with high reliability of automation prediction and
medium automation coverage. Furthermore, the additional functions need to be included
without overwhelming the user.

My personal contribution to this article included the definition of the research
questions, processing and analysis of data, writing of the manuscript, involvement in the
preparation and execution of the small-scale user and expert studies, and concept and app
development, as well as preparation and execution of the usability study.
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5.3 How Users of Automated Vehicles Benefit from Predictive Ambient
Light Displays

Hecht, T., Weng, S., Kick, L.-F., & Bengler, K. (2022). How users of automated vehicles benefit from predictive
ambient light displays. Applied Ergonomics, 103, 103762. https://doi.org/10.1016 /j.apergo.2022.103762

While the first two papers target the pre-drive phase, this article deals with the
provision of time budget information during an automated drive. Users of AVs will conduct
a variety of NDRAs using various items and devices (Hecht, Feldhiitter, et al., 2020). While
it is simple to support users conducting NDRAs on in-vehicle devices like the central
information display (CID) with relevant time budget and mobile phone apps can be
implemented to ensure communication with phone users, it becomes difficult to establish
a direct non-interruptive line of information with users who read books or magazines.

This work’s approach was to implement a light-based HMI concept realized with an
LED stripe mounted at the bottom of the windshield. The ambient light display (ALD)
concept was chosen because of its ability to unobtrusively raise awareness (Miiller et al.,
2013). Furthermore, no direct attention is needed and foveal vision is not influenced by
peripheral view (Matthews et al.,, 2004). ALDs can already be seen in today’s vehicles: VW
[D.light, an LED strip in the bottom of the windshield, supports the driver with intuitive
signals, e.g., on navigation, incoming phone calls, or state of charge (Volkswagen, 2021).

First, a simple traffic light color-coded concept was developed to convey different
remaining times to predictable system limits. Results of a driving simulator study with 21
participants suggest that the ALD with three discrete time steps leads to improved
usability and lower workload compared to a baseline interface without any ALD. The
results on usability are in line with Richardson et al. (2018) and Hollander and Pfleging
(2018). While also workload was decreased in this work’s study, this was not the case for
Hollander and Pfleging (2018) and Richardson et al. (2018). This highlights the potential
of peripheral information presentation for a non-interruptive communication. Beyond
that, no significant effects on trust, attention ratio, and travel time evaluation were found,
but the majority of participants favored the ALD. Due to the positive results and based on
the outcome of this study, the traffic light ALD was subsequently improved and compared
to an elapsing concept. The latter was developed in a small-scale user study and was
supposed to be easier to integrate into a setting with multiple LoAs. Results of a second
driving simulator study with 32 participants did not show any significant differences
between the two ALD concepts in subjective ratings, but advantages of the traffic light
concept can be found in terms of its intuitiveness and the level of support experienced.

The positive results of this study set are in line with previous research on the use of
ALDs in the context of automated driving (Dandekar et al., 2022; Feierle, Holderied, &
Bengler, 2020) and extent these findings to the use case of time budget information. Future
studies need to take the communication of uncertainties of time budget predictions into
account, as well as the impact of the developed ALD concepts on safety measures.

My personal contribution to this article included the definition of the research
question, the processing and analysis of data, the writing of the manuscript, and
involvement in the experimental design.
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5.4 Does a Confidence Level for Automated Driving Time Estimations
Improve the Subjective Evaluation of an Automation HMI?

Hecht, T, Danner, S., Feierle, A., & Bengler, K. (2020). Does a Confidence Level for Automated Driving Time
Estimations Improve the Subjective Evaluation of an Automation HMI? Multimodal Technologies and
Interaction, 4(3), 36. https://doi.org/10.3390/mti4030036

The previous article highlights the positive effects of a predictive HMI concept in a
setting that represents an optimum in prediction quality with no time leaps triggered by a
deviation from planning and reality. This paper targets the communication of uncertainty
information in addition to time budget projections. Forecasts on automated driving times
will be prone to errors: changing weather and light conditions can make a L4 ADS
unavailable, changing traffic conditions can prolong or shorten parts of a given drive,
accidents may necessitate bypasses where no automation is available, and updated
information on construction sites or road conditions can additionally alter availability
forecasts. This causes leaps in the time forecast that make it impossible for the user to
maintain his/her original activity schedule.

In order to address this issue, a pre-study with future users was conducted. Based on
relevant literature on the design of uncertainty information (Shani et al., 2013) and
previous uncertainty concepts in the domain of assisted and automated driving (Beller et
al,, 2013; Helldin et al,, 2013; Kunze et al., 2018; Large et al., 2017; Stockert et al.,, 2015),
four different concepts were developed and subsequently evaluated with five naive
participants. The final concept included a four-stage horizontal bar resembling the well-
known icon for a mobile phone connection to abstract the confidence level of a time budget
estimation.

In the conducted driving simulator study, 32 participants experienced three time
leaps in both directions. All possible confidence levels were displayed at least once. As a
result of the study, the integration of the developed uncertainty element as part of the
automation HMI cannot be recommended. While there was no significant impact of the
concept on the subjective measures usability, trust, acceptance, and frustration, most
participants preferred the baseline HMI without any confidence display. This contrasts
with previous positive results (Beller et al., 2013; Helldin et al., 2013; Kunze et al., 2018;
Stockert et al., 2015). However, prior studies’ uncertainty information relates to the ability
of an assistance or automation system to handle a situation and might thus be easier to
interpret than a confidence level for time budget information. Furthermore, previous
studies mainly revealed a positive impact on take-over performance measures in a system
failure scenario. However, that was not investigated in the present work. In our first
contact scenario with no explanation and no free choice of NDRAs, the concept was not
intuitively understood and was rated rather confusing than helpful. Thus, such a concept
can only be helpful in certain scenarios and with additional explanations of the way it
works.

My personal contribution to this article included the definition of the research
question, the processing and analysis of data, the writing of the manuscript, and
involvement in the experimental design.
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5.5 How to Keep Drivers Attentive during Level 2 Automation?
Development and Evaluation of an HMI Concept Using Affective
Elements and Message Framing

Hecht, T, Zhou, W., & Bengler, K. (2022). How to Keep Drivers Attentive during Level 2 Automation?
Development and Evaluation of an HMI Concept Using Affective Elements and Message Framing. Safety,
8(3), 47. https://doi.org/10.3390/safety8030047

The sustained engagement in visually demanding NDRAs during assisted driving
poses a serious threat to road safety due to missing or delayed driver reaction to (silent)
system limits and malfunctions (Boos et al., 2020; Louw et al., 2019). The goal of this work
was to develop an HMI concept that motivates drivers to refrain from engaging in NDRAs
and consequently improve monitoring as well as reactions to silent system malfunctions.
In traffic psychology, different approaches to motivating humans to follow rules can be
found. Amongst others, inducing a positive mood or emotion can help regain the capability
of effective self-regulation (Tice et al., 2007), Moreover, message framing is a common
approach to improve drivers’ behavior adoption rate, e.g., used in anti-speeding messages
(Lewis et al.,, 2008). Based on these ideas, two concepts were developed and evaluated in
an expert study with four usability professionals. This led to the integration of the concept
in the HUD rather than a speech-based integration. Messages and emoticons used during
L2 driving were designed to induce a positive mood and a coping appraisal. Seven
messages were displayed following a time-based approach rather than taking into account
the current driver state. Finally, a driving simulator study with 32 participants was
conducted to assess the concept’s effectiveness regarding monitoring behavior, NDRA
engagement, driver reaction to a silent system malfunction, user experience, and
workload.

The results of the study suggest that the developed affective message concept (AMC)
is helpful in motivating drivers to continue their supervision task rather than engaging in
NDRAs. Furthermore, it was well-rated as a reminder to keep engaged and does not higher
subjective workload. However, no impact on crash rate and take-over time in a silent
malfunction scenario was found. The high crash rate in the researched urban scenario is
in line with the results obtained by Feierle et al. (2021). In addition, high rates of unsafe
outcomes in malfunction scenarios were found in Boos et al. (2020), Othersen (2016,
p- 238), and Victor et al. (2018). Over-reliance was mentioned as a reason by this study’s
participants and was also highlighted by Boos et al. (2020). In our study, there was no
effect of the AMC on the user experience ratings. Additional research will need to further
investigate the long-term effectiveness and the concepts’ actual impact on driver reaction
in more detail. Furthermore, a driver state-dependent design might sustain or even
improve its effectiveness.

My personal contribution to this article included the definition of the research
question, the processing and analysis of data, the writing of the manuscript, and
involvement in the experimental design.
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6 General Discussion

Overall, the present thesis aims to develop HMI solutions that support users in
utilizing their travel time in the context of fragmented automated drives. Based on
infrastructure, vehicular communication, and weather forecasts, most transitions are
expected to be predictable, but predictions are subject to error and fuzziness. For this
work, the vehicle interior was assumed to be conventional, featuring a steering wheel and
pedals. In assisted driving, system limits and malfunctions may appear without any
warning. In automated driving, there are sufficient time budgets for transitions to manual
and minimal risk maneuvers are executed by the system if necessary. HMI solutions were
developed and evaluated following the UCD process (DIN EN ISO 9241-210) and for the
three phases pre-drive, automated drive, and assisted drive. Throughout the process,
different methods were used, including a workshop, small-scale user studies, expert
evaluations, driving simulator studies, and a usability study. The derived interaction and
information concepts include an app-based route planner and different in-vehicle HMI
concepts using HUD, IC, and ALD. Overall, most solutions were proven beneficial for the
specific challenges associated with the three phases. They were found to aid users to plan
and use their time safely and comfortably.

With regard to the first RQ (“How can the predicted automation availability be
integrated into the route planning process?”) and its sub-questions concerning the pre-
drive phase, it can be concluded that user requirements include the desire to configure
priorities for a drive. For instance, on-time arrival or maximization of uninterrupted
automated driving time was requested, as well as a minimum continuous period a drive
segment must last for it to be accounted for in the route planning process. Users want the
opportunity to set the uninterrupted completion of an important NDRA as a priority.
Moreover, standard destinations with preconfigured travel settings were required. A
customizable selection of travel profiles was seen as useful. Different route alternatives
calculated by the system should be easy to compare and not only be displayed on a map
but also be visualized in an abstract manner. Real-time data should be taken into account,
as well as users’ overall long-term preferences. In general, users want to invest as little
time as possible while still find the route best suited to their needs. These user needs were
transferred into a route planning tool (Hecht, Sievers, & Bengler, 2020). After several
small-scall user studies and incremental improvements of the design, a functional route-
planning tool for mobile phones was developed as an Android app. This route planner
features travel profiles to save preferences such as the optimization of a route to be fast,
have a high share of automated driving, or have as few transitions as possible. Additionally,
the tool is designed to support the uninterrupted execution of NDRAs by allowing to
request time slots to be driven automated. In a final usability study, the tool yielded a high
usability rating, a high degree of fulfillment of previously derived user needs, and a high
intention to use. Furthermore, complex route-planning tasks can be accomplished in a
short amount of time (Hecht, Weng, Drexl, & Bengler, 2022). The results obtained during
the development process support findings by Hecht, Kratzert, and Bengler (2020) and
Lehtonen et al. (2021) on the need for route planning.

31



General Discussion

To answer the second RQ (“How can the HMI for an ADS be supplemented with
peripheral visibility of system status and time budget information?”), two ALD concepts
were developed. In order to evaluate whether this way of peripherally communicating
time budget information improves the evaluation of, amongst others, usability and
acceptance, a set of two driving simulator studies was conducted (Hecht, Weng, Kick, &
Bengler, 2022). It can be stated that ALD concepts conveying time budget and system
status information are beneficial for users when the ADS is engaged. A peripheral visible
concept using the well-known traffic light color scheme to convey remaining time budgets
was found to improve usability and lower workload, while no significant effects on trust,
attention ratio, and travel time evaluation were found. In an iterative improvement, a
second concept using elapsing colors was also found suitable, while the intuitiveness was
rated slightly worse than with the first concept. However, despite the advantages of the
developed concepts and user preferences, no impact on safety aspects was found in the
studies; only three cases of task perseveration occurred. Possibly, this can be explained by
the setting that focused on free naturalistic NDRAs without a definite goal or extrinsic
motivation. Furthermore, the early first acoustic information on the upcoming system limit
has proven sufficient for the chosen tasks. Settings as in Wandtner et al. (2018) with
controlled and complex NDRAs which are then interrupted close to finishing might lead to
higher interruption costs and additional insights on the safety benefits of the proposed
ALD. In general, the set of studies highlighted the importance of time budget information.
In summary, peripheral visibility of time budget information is favored by users over
exclusively using the IC, it increases usability and has positive effects on workload. Both,
elapsing and discrete concepts have proven suitable. However, despite the rather short
period communicated via ALD, the concepts are also challenged by possible time leaps in
the time budget prediction.

The third RQ (“How can the HMI for an ADS be supplemented with uncertainty
information?”) resulted in a driving simulator study. It was evaluated whether offering
additional information on the prediction quality of time budget information increases the
subjective evaluation of an automation HMI (Hecht, Danner, et al., 2020). Following a pre-
study, an HMI concept using a bar resembling the well-known mobile phone connectivity
icon was developed to convey a confidence level for time budget estimations. The driving
simulator study revealed no impact on the subjective evaluation (usability, trust,
frustration, acceptance) of the system. The baseline concept without a confidence display
was favored by the majority of the subjects. These results contrast previous positive
findings on confidence displays in the domain of assisted and automated driving (Beller et
al,, 2013; Helldin et al,, 2013; Kunze et al., 2018; Stockert et al., 2015), but add to critical
results obtained by Shani et al. (2013). It can be stated that, based on these findings, a
confidence display cannot be recommended for use in connection with time budget
information.

Regarding the last RQ (“How can drivers be supported in carrying out their
monitoring task during L2 assisted driving?”), an HMI concept featuring pop-up messages
in the HUD using message framing and affective elements was developed following an
expert study. The approach was driving time-based rather than driver-state-dependent. It
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can be deducted from the results that the developed concept supports users in their
monitoring task while at the same time, the workload is not increased and drivers are not
annoyed. However, even though monitoring was stable and subjects mostly refrained from
NDRA engagement during assisted driving, no effect could be shown on drivers’
performance in a silent malfunction scenario. While the AMC can be recommended for
further use and investigation, possibly in connection with a driver state-based empathetic
assistant, the results obtained on driver reaction in malfunction scenarios are in line with
previous research (e.g., Feierle et al. (2021) and Boos et al. (2020)) and support the
requirement for a fallback level in reliable assisted driving, especially in a complex urban
context.

6.1 Automation Availability and Prediction

The setup used by OEMs to realize ADS will restrict automation availability in
connection with infrastructure, light, weather, and traffic characteristics (see Chapter 2.2).
However, the actual automated driving availability and the system’s ability to predict it
will impact this work’s HMI solutions. In general, more system-initiated transitions are
associated with a higher workload and decreased acceptance of an ADS (Hecht, Kratzert,
& Bengler, 2020). Shorter automated driving segments will make fewer NDRAs possible or
require more interruptions and thus potentially have a negative impact on the perceived
value of travel time and the usefulness of the ADS. Further studies are required to assess
whether the usefulness of the developed route planner is influenced by the degree of
automation coverage; especially very low and very high automation coverage might
diminish its usefulness. The concepts concerning the automated and assisted drive are
probably not influenced by the degree of automation availability.

In addition, the quality of automation availability prediction can only be roughly
estimated at present. The following error cases can be anticipated:

e Duration of an automated driving segment changes, e.g., due to dissolving or
building up congestion.

e Interruption of an automated driving segment, e.g., due to an accident or adverse
weather conditions.

e Incomplete or unavailable automation, e.g., due to route changes, adverse weather,
or technical problems.

[t can be expected that the prediction quality decreases with increasing time to start.
The closer the start, the more precise are weather, light, and traffic forecasts and the more
reliable are infrastructure information (e.g., on construction sites or lane marking quality).
Different error cases with regard to automated driving availability impact users to a
different degree (order according to the expected impact on user satisfaction, from most
positive to most negative case):

1. A shortened automated travel time with early arrival time will on the one hand
decrease the usefulness of drive time but allow one to arrive earlier. Thus, no
negative impact is expected, except the user has scheduled a certain NDRA with a
set time budget that is then interrupted due to the shortened segment.
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2. A prolonged automated driving time and a delayed arrival time will let users
benefit from more automated driving time but suffer from a delayed arrival.
However, the additional drive time can be used.

3. A short interruption of an automated driving segment with no impact on the
arrival time may lead to an interruption of the current NDRA. The negative impact
on the user depends on the time to prepare for the interruption and further NDRA
characteristics.

4. Incomplete or unavailable automation with manual or assisted driving instead
and a delayed arrival time represents the worst scenario since usable drive time
is minimized while arrival time is delayed.

Obviously, combinations of the described cases are possible and changes may also
affect manual and assisted driving segments. The complexity of a given trip and its
different parts will make predictions on the consequences for users difficult. However, it
can be assumed that prediction quality influences frustration and thus usefulness and
acceptance of the route planning tool and the predictive HMI element. Unreliable
predictions will be perceived as annoying and will lead to rejection and an increased
likelihood of task perseveration. Consequently, messages used by the AMC that hint at the
future availability of automated driving (e.g., “Stay attentive now, use your phone in 5
minutes”) should not be displayed in case of high prediction uncertainty as it could lead to
the opposite effect. Furthermore, the implemented ALD concept informing users on the
remaining time budget will change in case of time leaps and rather confuse users. These
examples also highlight the necessity to continuously update the user on the driving
schedule and grant additional control during the driving phase by extending the route
planner to the driving phase. The latter was also requested by participants of the workshop
described in the first article, as well as the wish to have a system that learns from users’
decisions and proactively suggests necessary changes accordingly (Hecht, Sievers, &
Bengler, 2020). The multitude of conceivable cases in connection with the variety of
possible NDRAs and the factors influencing the attractiveness of the same will make it
difficult to estimate the necessary reliability of such a route planner to be perceived as
useful. Further investigation is needed to assess whether an affective assistant available
throughout the drive is a suitable method of communicating and realizing route changes
in relation to the learned patterns of a specific user.

Since an additional uncertainty display for a time budget estimation during an
automated drive was rejected in article 4 (Hecht, Danner, et al., 2020), other options to
convey uncertainty to users of a pre-drive planning tool need to be assessed. The evaluated
app only featured a brief disclaimer that highlighted possible discrepancies between
planning and reality but did not distinguish between different prediction qualities that can
be expected based on the above-discussed factors. Concepts could include color coding,
smileys, periods, limited features (e.g., no option to schedule segment until a set time in
advance), decreased granularity (e.g., delete minutes, just provide abstract view), or offer
only map- or distance-based visualization.
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6.2 Overarching Effects of Pre-Drive Planning

The developed route planning tool allowed users of future ADS to schedule their
meetings in accordance with the automation availability. Furthermore, personal
preferences such as the avoidance of transitions or the optimization of a route for
automated driving could be incorporated into the route planning process. This ability to
plan a fragmented automated drive ahead will potentially impact people’s behavior during
a journey. The improved user information and increased user control potentially lead to a
better system understanding by users and a higher acceptance of transitions and manual
or assisted driving sequences. Thus, intentional violations can probably be reduced. Also,
continuing a visual-manual activity despite the need to take over manual control (i.e., task
perseverance) after an automated driving segment can potentially be avoided by a good
planning and information concept. However, data gathered in the presented studies is not
sufficient to answer the question of whether the route planning tool has an impact on user
behavior during a drive. In addition, past and current safety-related human factors
research has largely focused on take-over situations rather than targeting a complete
drive. Thus, further research is needed to support the risk assessment of future AVs with
insights into user behavior in connection with a pre-scheduled drive. In a first step to
evaluate the impact of the route planner, data on drivers’ behavior during fragmented
drives need to be gathered and compared to a non-planning scenario. In a driving
simulator study with a prior planning phase, worst-case assumptions can be considered
by using high time pressure and complex activities and a high share of reliable H-off L2
driving. The number of observed violations in both planning and non-planning scenario
can be used to calculate the probability. It is to be discussed whether a DMS should be part
of the investigation. In the case of L3 automated driving (i.e., no minimal risk maneuver),
the possibility to plan NDRAs before the drive can also influence the likelihood of a
successful transition. In addition to task characteristics and time spent with an activity, the
characteristics of upcoming transitions (e.g., timing as planned) can influence the take-
over performance. Overall, the concepts designed in this thesis show additional potential
regarding safety-relevant issues, but further investigation is required to quantify them.

While the route planning app has singularly addressed the automation availability,
future improvements will need to include current navigation features (exclude toll roads,
scenic routes, etc.), as well as BEV options (plan charging stops and providers, etc.) without
overwhelming the user with a multitude of options. Furthermore, the developed route
planning app currently covers only the route planning process; it does not support users
during the drive with necessary information on possible or inevitable changes of the route,
traffic information, or alterations to the automated driving time slots (see also
Chapter 6.1). According to Danner et al. (2021), context-adaptive notifications can be a
feasible way of informing the driver of changes in automation availability.
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6.3 User-Centered Design Process

This work followed the UCD approach and integrated users into the development
process. Following the iterative idea of UCD, different tools including literature reviews,
workshops, small-scale user studies, expert evaluations, usability, and driving simulator
studies were applied to design highly usable and safe interaction concepts for users of
future automated vehicles. During each stage in the development process, diverse user
feedback was received. As suggested by Nielsen (2000), small-scale user studies were very
good to uncover a multitude of usability issues. In addition, user behavior and information
on their intention to use was obtained and has led to improvements in the concepts.
Furthermore, qualitative and quantitative user feedback helped to focus on relevant
improvement directions. In addition, the impact of the UCD within this work can be seen
in the fact that almost all concepts (except the uncertainty display) received positive
feedback in the final evaluation. An advantage of the process undertaken was the
continuous integration of users throughout the development process without a cut
between concept design and implementation. Thus, knowledge gained in the early stages
could also be used in later stages. However, although the prototypes reached high
maturity, they were developed in a research context that differs from common industry
practice. More iterations are necessary to develop the concepts to market maturity,
including design refinements and release tests. The presented studies were conducted at
the Chair of Ergonomics at TUM. Thus, the samples rather allow user- than human-
centered design. The participants represent to a large extent people associated with the
university. In consequence, the samples are rather young, male, and show a high
technology affinity. Furthermore, most subjects are German (including fewer international
students). These factors can limit the generalizability of the obtained results and do not
allow the assessment of cultural differences. Moreover, the high prior knowledge of and
positive attitude towards automated driving and the observation by the experimenter can
influence the results. Overall, participants lack experience with ADS and might exhibit
different use patterns when using ADS in their everyday life. For future improvements,
samples used need to be adopted to future users and more market research is required to
identify the same.

Furthermore, the driving simulator studies were conducted in a dynamic seat box. The
moving system induced pitch and roll motions but did not simulate accelerations. The seat
box is not a full vehicle with windows, passenger seats, etc. but a rather simple composition
with limited immersion compared to a full vehicle driving simulator. Thus, the results
obtained in the seat box need to be discussed critically. Moreover, driving simulator
studies pose no risk of physical harm to participants. Thus, engaging in NDRAs during
assisted but also during automated driving might be more appealing to users than it would
be in an on-road study. However, the results of Klingegard et al. (2020) suggest that drivers
also engage in visual-manual NDRAs when driving in a L4 Wizard of Oz vehicle in real
traffic. Furthermore, previous test track studies by Llaneras et al. (2013) and Victor et al.
(2018), as well as on-road observations by Reagan et al. (2021) confirm results obtained
in driving simulator studies regarding gaze behavior and NDRA engagement in L2 assisted
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driving. Moreover, a high relative validity (describes how well the relative size or direction
of an effect measured in the simulator corresponds to real driving (Kaptein et al., 1996))
of driving simulators was found by Eriksson et al. (2017). Nonetheless, the obtained results
should be confirmed in more realistic settings. According to Bengler, Omozik, and Miiller
(2020), Wizard of Oz setups where humans simulate the behavior of the system yield
promising results in the context of automated driving. Furthermore, a penalty or reward
system as proposed by Hock et al. (2018) can be introduced as consequence for driving
behavior to yield a more realistic behavior.

In general, the studies with naturalistic NDRAs aimed at producing realistic behavior
with regard to the choice and execution of NDRAs. However, artificial settings can never
fully picture a real situation where there are different motivations to conduct travel,
different levels of time pressure, preparations, and varying underlying schedules.
However, factors like trip purpose or time pressure are known to influence the choice of
activities (Hecht, Darlagiannis, & Bengler, 2020) and NDRA engagement in turn has an
influence on the evaluation of travel (Susilo et al., 2013). Therefore, one might try to create
more realistic and comparable scenarios by further instructing participants. Future
studies should evaluate the results of this work in on-road studies, especially to consider
different lighting conditions (Hecht, Weng, Kick, & Bengler, 2022) and to assess drivers’
gaze behavior and the impact of an AMC in a more realistic scenario (Hecht, Zhou, &
Bengler, 2022). Furthermore, more representative samples can help OEMs by introducing
new future features.

For UCD, itis important to find and plan suitable methods ahead. Due to the constantly
growing number of methods, finding suitable tools takes a significant amount of time and
getting familiar with the tools is necessary to derive valid findings. This effort needs to be
considered when planning the UCD process. Furthermore, interdisciplinary knowledge is
helpful or even necessary to perform the UCD process over the complete development
cycle. In line with this, difficulties in integrating UCD into business processes, especially in
agile methods can be observed (Salah et al., 2014). UCD uses different approaches to how
resources are allocated: while agile methods try to deliver small sets of software features
to customers as quickly as possible and in short iterations, UCD requires a considerable
effort in research and analysis before development begins (Da Silva et al, 2011).
Rosenbaum et al. (2000) found resource constraints, resistance to UCD, and a lack of
knowledge about usability to be major obstacles to creating a greater strategic impact.
Moreover, Vredenburg et al. (2002) discovered that some common characteristics of an
ideal UCD process including tracking customer satisfaction and a focus on the total user
experience are not used in practice. In the end, a multidisciplinary approach to UCD
appears to be closely related to perceived UCD effectiveness (Vredenburg et al., 2002).
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7 Future Work

Through increasing market penetration, a wide range of experience with assisted and
automated driving functions can be expected in the future. In addition, car sharing will
further increase the diversity of experiences with ADS and corresponding HMI concepts.
While prior experience potentially affects user behavior and information needs (Beggiato
etal, 2015; Feierle, Danner, et al., 2020), studies also reveal that inter- and intraindividual
differences exist with regard to user information needs and preferences (Beggiato et al,,
2015; Danner et al., 2020; Feierle, Danner, et al., 2020). However, all studies conducted in
this work simulated the initial contact of participants; only little introductory information
was provided, no or little prior automation experience was prevalent, and the overall
driving duration per study did not exceed 45 minutes. Based on the findings described
above, two implications for this work arise. First, the developed interaction concepts will
most likely have to adapt to changing user needs and behavior which arise due to changing
experience and trust (i.e., long-term effects). Second, the HMI concepts will have to adapt
or be adapted to individual differences to account for users’ preferences. As both aspects
implicate a better knowledge of the user than current systems allow, they are discussed
together in this chapter. Implications of long-term effects can already be seen in today’s
market available L2 systems. For instance, Kim et al. (2022) report approaches to outwit
the DMS, enabling users to take their hands off the steering wheel or their eyes off the road.
Thus, necessary restrictions of a L2 system are bypassed with potentially dangerous
consequences. Next to tiredness and higher attractiveness of NDRAs, over-reliance was
found to be one driver of misuse associated with long-term effects in the context of assisted
driving (Boos et al., 2020). Misuse in L3 systems is also conceivable, such as sleeping or
leaving the driver's seat.

Based on the concept of mental models, it can be expected that prior experience also
changes information needs (Feierle, Danner, et al, 2020). For instance, Beggiato et al.
(2015) expect that users require more information in an early phase due to a lack of trust
in ADS. With growing experience, trust potentially increases and information needs
regarding transparency decrease (Beggiato et al., 2015). While Feierle, Danner, et al.
(2020) did not find a clear influence of prior experience with ADS on information needs,
they emphasize methodological restraints and recommend further investigation in an
improved setting to further investigate trends observed in their study (e.g., experienced
participants rated system status higher than other information items). However, Feierle,
Danner, et al. (2020) found that individual participants exhibited great differences in
information requirements. Thus, a single HMI design with a specific range of driving- and
automation-related information will not be a perfect solution for every user due to
individual differences and long-term effects.

For future research, two main approaches can be followed to respond to these
challenges and in consequence avoid misuse and reduced acceptance. First, information
content can be personalized by users. User profiles and standardized information displays
can be utilized to establish standardized information layouts across different vehicles and
allow to use the same layout in different vehicles (even across companies). Thus,
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information content can be tailor-fit to individual needs. However, settings must not be too
complex and/or be explained by a tutorial to ensure correct use.

However, the impact of such solutions to avoid misuse is probably limited. Thus, the
second approach is based on the enhanced knowledge of the user. Extended DMS can
assess the current driver state in a way that enables the system to communicate in a
suitable manner. In order to use the input of a DMS effectively, long-term effects need to
be better understood. However, there are only isolated findings in this field (e.g., B. Metz
etal. (2020) and B. Metz et al. (2021)), although the need for research has been addressed
and does not only cover the development of acceptance and use of ADS but also travel
behavior and land use implications (Milakis, 2019). In addition, the effort needed to
retrieve results on long-term use must be kept in mind to carry out human factors studies
efficiently and validly.

Knowledge of long-term effects and input from DMS can be used to convey
information in a suitable manner. The AMC developed in this work can potentially not only
improve monitoring behavior but also regulate trust in the system by realizing an
emotional bond between the user and ADS. System trust is considered key to the
acceptance of automation systems (see Ghazizadeh et al. (2012) for an overview). If trust
in automation is not present or only weakly developed, technology is often used differently
than intended or not at all (Parasuraman & Riley, 1997). Mood was found to affect initial
trust formation (Stokes et al., 2010). Thus, the AMC can be further improved in its
effectiveness to avoid misuse during L2. Studies show that the bond to an assistant (e.g., in
the form of an avatar) is particularly strong when the assistant shows corresponding
emotions and behaviors. Bailenson and Yee (2005) show that this effect can be achieved
or enhanced by imitative behavior (mimicry; so-called chameleon effect). Emotion
regulation can also be used for long-term adaption to avoid misuse by incorporating the
driver state (Braun et al,, 2022). Additionally, the theory of nudging can be used to further
improve the efficiency of the affective messages to ensure intended use. Nudging
approaches steer people in particular directions but also allow them to go their own way
(Sunstein, 2014). According to Sunstein (2014), examples of nudges include graphic
warnings for cigarettes, labels for energy efficiency, nutrition facts on foods, etc. Default
rules, simplifications, use of social norms, increases in ease and convenience, disclosure,
warnings, pre-commitment strategies, reminders, eliciting implementation intentions, and
informing people of the nature and consequences of their own past choices are nudging
categories (Sunstein, 2014). However, the effect of nudges varies considerably across
studies, some studies have found nudges to be inefficient or even backfire (see Hummel
and Maedche (2019) for an overview of the effectiveness of nudges). Thus, the potential
for increased use of nudging in addition to those already implemented in the AMC needs
to be carefully evaluated. Also, in connection with long-term adaption in a driver state-
based approach, gamification or rewards (see e.g., Feinauer et al. (2022)) may be used to
avoid maladaptive behavior.
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8 Conclusions and Recommendations

Past research on travel time use in the context of automated driving has focused on
the attractiveness of different NDRAs for passengers of ADS and different but isolated
effects of NDRAs. The focus of this work was on the development of interaction concepts
for comfortable and safe travel time use in the context of fragmented automated drives.
Rather than analyzing motivational aspects or behavioral planning of car users, the focus
was on the design of digital solutions. For each researched segment, namely pre-drive,
assisted, and automated drive, user needs were analyzed and suitable interaction concepts
were designed. The present work contributes to the ongoing development of internal HMI
concepts for users of ADS. It extends existing findings by a specific view of user needs
associated with travel time use. Most developed HMI solutions have proven beneficial and
support users with planning and utilizing their travel time in a safe and comfortable
manner. Based on the study results, the following recommendations can be formulated:

e Users should be granted additional control over the route planning process with
regard to automation availability.

o A mobile phone application including travel profiles and the option to
request scheduled automated driving segments represents a suitable tool
for this purpose. Further research is necessary to investigate the effects of
travel planning on driver behavior during the drive.

e When L4 automation is active, users should be informed about the remaining time
until an upcoming system limit in a device-independent and non-interruptive
manner.

o Using peripheral communication via a color-coded ALD at the bottom of
the windshield represents a suitable approach. Future research is
necessary to investigate the effects of this concept on safety measures.

e When L4 automation is active, users should not be informed about the prediction
uncertainty of automated driving time budgets.

o When L2 assistance is active, users should be supported and motivated to continue
their monitoring task.

o A combination of short text messages and affective elements displayed in
the HUD represents an effective way of reducing drivers’ off-road glances.
Future research is necessary to assess the long-term effectiveness of this
approach.

Additional research is required to understand the long-term effects when interacting
with the developed concepts. The future development of ADS will show their suitability
and will potentially make it necessary to reevaluate and rework parts of the proposed
solutions, for instance depending on the actual driving and prediction capabilities of future
ADS. Furthermore, the actual impact of people being able to utilize drive time might be
limited by effects like motion sickness (Milakis, 2019). Nonetheless, the present work’s
concepts have the potential to positively influence the usefulness and thus market success
of future ADS.
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9 Complementary Studies

In addition to the five publications that form the present thesis, additional studies
have been conducted. Those were not the focus of the work but nevertheless contribute to
the issue of travel time use in the context of fragmented automated drives. Two studies
evolve around future users’ NDRA engagement and associated user needs, one deals with
the impact of a predictive HMI element and different transition frequencies on NDRA
engagement, gaze behavior, and subjective evaluation of the system. In addition,
information needs regarding an ADS while it is not available and the design of an adaptive
IC concept were targeted, as well as a review of driver state constructs and assessment
methods.

Hecht, T., Feldhiitter, A., Draeger, K., & Bengler, K. (2020). What Do You Do? An Analysis of Non-driving Related
Activities During a 60 Minutes Conditionally Automated Highway Drive. In T. Ahram, R. Taiar, S. Colson, &
A. Choplin (Eds.), Advances in Intelligent Systems and Computing: Vol. 1018, Human Systems Engineering and
Design 1. IHSED 2019. Advances in Intelligent Systems and Computing. Springer International Publishing.
https://doi.org/10.1007/978-3-030-27928-8_28

To understand user needs in the context of automated driving and travel time use, it
is necessary to evaluate their NDRA engagement. Thus, this study focused on the analysis
of video data from a driving simulator study originally designated to assess the impact of
free naturalistic activity engagement during L3 automation on the driver state component
fatigue and its influence on the take-over performance. During a 60 min monotonous
highway ride, the subjects spent most of the time watching videos on the CID, monitoring
the surroundings, listening to music, and using their mobile phone for multiple activities.
Furthermore, many participants read books or magazines. Also, playing games on the CID
and working on a personal laptop was observed. Both the total time spent and the mean
duration of activity showed a high variance, highlighting individual differences in subjects’
motivation. On average, the analyzed participants were found to engage in a visually
engaging NDRA about 2 min after switching on the ADS. Older participants were found to
spend significantly more time monitoring the surroundings and less time using their
phones or playing video games.

Hecht, T.,, Darlagiannis, E., & Bengler, K. (2020). Non-driving Related Activities in Automated Driving - An
Online Survey Investigating User Needs. In T. Ahram, W. Karwowski, S. Pickl, & R. Taiar (Eds.), Advances in
Intelligent Systems and Computing: Vol. 1026, Proceedings of the 2nd International Conference on Human
Systems Engineering and Design II. IHSED 2019. Advances in Intelligent Systems and Computing (pp. 182-
188). Springer International Publishing. https://doi.org/10.1007/978-3-030-27928-8_28

The goal of this study was to better understand the diversity in chosen NDRAs. In an
online survey, privacy, vehicle interior design, trip purpose, trip duration, and users’ age
were found to influence the chosen activities. Furthermore, the most important
information needs for an urban automated drive were found to be the reliability of the
ADS, remaining time budget, and system status. Engagement in an important work-related
and visually demanding NDRA especially lowers the importance of information items like
maneuvers, surrounding traffic, and current speed. Reliability, system status, and

41



Complementary Studies

remaining time budget remain equally important. This finding and the fact that available
time spans influence the choice of NDRAs highlight the importance of a predictive HML.

Hecht, T., Kratzert, S., & Bengler, K. (2020). The Effects of a Predictive HMI and Different Transition Frequencies
on Acceptance, Workload, Usability, and Gaze Behavior During Urban Automated Driving. Information,
11(2), 73. https://doi.org/10.3390/info11020073

The study concentrated on the influence of different transition frequencies and HMI
concepts on gaze behavior, NDRA engagement, and subjective evaluation of ADS. The
transition frequency was found to negatively influence workload, acceptance, and system
usability. No effect on trust in automation was revealed. Gaze behavior suggests the use of
the researched predictive HMI element, as well as participants’ statements in a post-drive
questionnaire. However, no effect of displaying the remaining time until a system limit was
found. Most attractive NDRAs were monitoring the surroundings, chatting, phone use, and
reading magazines. Descriptively, reading magazines and playing games gained
attractiveness with decreasing transitions, while the opposite was the case for watching
surrounding traffic and chatting. Further results suggest a positive attitude towards a
route planning tool that allows accepting a longer travel time in exchange for fewer
transitions.

Danner, S., Hecht, T, Steid], B, & Bengler, K. (2021). Why is the Automation Not Available and When Can I Use
It? In N. L. Black, W. P. Neumann, & 1. Noy (Eds.), Springer eBook Collection: Vol. 221. Proceedings of the 21st
Congress of the International Ergonomics Association (IEA 2021): Volume III: Sector Based Ergonomics (1st
ed, Vol. 221, pp.623-632). Springer International Publishing; Imprint  Springer.
https://doi.org/10.1007/978-3-030-74608-7_76

Previous research has mainly focused on the period when the ADS is active. This study
addressed information needs regarding an ADS while it is not available. In a driving
simulator study, displaying the time until the automation will be available as well as
reasons for non-availability increased perceived system understanding but did not yield
effects on subjective ratings as usability, acceptance, and workload. Furthermore,
participants ranked HMI concepts containing additional information higher than the
baseline. As a result, displaying additional information during the non-availability of
automated driving functions can be recommended for future use.

Feierle, A, Biicher], F.,, Hecht, T., & Bengler, K. (2020). Evaluation of Display Concepts for the Instrument Cluster
in Urban Automated Driving. In T. Ahram, W. Karwowski, S. Pickl, & R. Taiar (Eds.), Advances in Intelligent
Systems and Computing: Vol. 1026, Proceedings of the 2nd International Conference on Human Systems
Engineering and Design Il. IHSED 2019. Advances in Intelligent Systems and Computing (pp. 209-215).
Springer International Publishing. https://doi.org/10.1007 /978-3-030-27928-8_32

In the context of automated driving, the relevance of different information items
changes with the LoA (Beggiato et al., 2015). The IC is the primary driver-vehicle interface
for driving-related information. Evolving from small displays in between the circular
elements like a tachometer and speedometer, the use of freely programmable ICs marked
a change in the use of this central HMI element. Thus, the goal of this work was to design
an adaptive HMI concept applicable to multiple LoAs. In an evaluation, the developed
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concept performed significantly better than the conventional baseline concept. As a result,
the adaptive IC serves as the basis for the driving simulator studies conducted in the
present thesis.

Hecht, T., Feldhiitter, A., Radlmayr, J., Nakano, Y., Miki, Y., Henle, C., & Bengler, K. (2019). A Review of Driver
State Monitoring Systems in the Context of Automated Driving. In S. Bagnara, R. Tartaglia, S. Albolino, T.
Alexander, & Y. Fujita (Eds.), Proceedings of the 20th Congress of the International Ergonomics Association
(IEA 2018) (pp- 398-408). Springer International Publishing.

The purpose of this literature review was to provide an overview of driver-state
models and monitoring systems in the context of automated driving. Based on three
different driver state models, the review focused on the driver state constructs fatigue,
attention, and workload. It became apparent that the driver state and its constructs lack a
common definition. Regarding the assessment of the constructs, eye-tracking seems to be
the technology with the highest potential but further improvement is needed to increase
reliability. EEG as another assessment method lacks practicability and often used self-
assessment techniques are prone to misjudgment and may counteract extreme levels of
fatigue.

43



References

10 References

@CITY. (2018). Automated Driving in the City. https://www.atcity-
online.de/?language=en

ACEA. (2019). Automated Driving: Roadmap for the development of automated driving in
the European Union.
https://www.acea.auto/files/ACEA_Automated_Driving_Roadmap.pdf

Altmann, E. M., & Trafton, . G. (2004). Task Interruption: Resumption Lag and the Role of
Cues. Michigan State University East Lansing Dept Of Psychology.
http://www.dtic.mil /dtic/tr/fulltext/u2/a480333.pdf

Alvarez, S. (2021). Tesla Autopilot is not the only system that can be tricked into operating
with no driver. Teslarati. https://www.teslarati.com/tesla-autopilot-vs-gm-super-
cruise-test-video/

Audi AG. (2022). myAudi App. https://www.audi.com/en/innovation/digital-
services/myaudi.html

AutoScout24 GmbH. (2011). Unser Auto von morgen 2011: Studie zu den Wiinschen der
Deutschen an das Auto von morgen.

Bailenson, J. N, & Yee, N. (2005). Digital chameleons: Automatic assimilation of nonverbal
gestures in immersive virtual environments. Psychological Science, 16(10), 814-
819. https://doi.org/10.1111/j.1467-9280.2005.01619.x

Bailey, B. P., & Konstan, ]. A. (2006). On the need for attention-aware systems: Measuring
effects of interruption on task performance, error rate, and affective state.
Computers in Human Behavior, 22(4), 685-708.
https://doi.org/10.1016/j.chb.2005.12.009

Banks, V. A, Plant, K. L., & Stanton, N. A. (2018). Driver error or designer error: Using the
Perceptual Cycle Model to explore the circumstances surrounding the fatal Tesla
crash on 7th May  2016.  Safety  Science, 108,  278-285.
https://doi.org/10.1016/j.ssci.2017.12.023

BASt. (2021). Selbstfahrende Autos - assistiert, automatisiert oder autonom?
https://www.bast.de/DE/Presse/Mitteilungen/2021/06-2021.html

Beggiato, M., Hartwich, F,, Schleinitz, K., Krems, J. F., Othersen, I., & Petermann-Stock, I.
(2015). What would drivers like to know during automated driving? Information
needs at different levels of automation. In 7. Tagung Fahrerassistenzsysteme.

Belkaab, 0. (2016). La SNCF lance (enfin) TGV Connect: le Wi-Fi gratuit dans les TGV.
https://www.frandroid.com/culture-tech/397390_la-sncf-lance-enfin-tgv-
connect-le-wi-fi-gratuit-dans-les-tgv

Beller, ]., Heesen, M., & Vollrath, M. (2013). Improving the driver-automation interaction:
An approach using automation uncertainty. Human Factors, 55(6), 1130-1141.
https://doi.org/10.1177/0018720813482327

Bengler, K., Omozik, K., & Miiller, A. L. (2020). The Renaissance of Wizard of Oz (Wo0z)-
Using the WoOz methodology to prototype automated vehicles. In D. de Waard, A.
Tolfetti, L. Pietrantoni, T. Franke, J.-F. Petiot, C. Dumas, . .. F. Mars (Chairs), Human
Factors and Ergonomics Society Europe Chapter, Nantes, France.
https://www.researchgate.net/profile /kamil-
omozik/publication/346659448_the_renaissance_of wizard_of o0z_wooz_-
_using_the_wooz_methodology_to_prototype_automated_vehicles/links/5fcd24ef
92851c00f8588cbf/the-renaissance-of-wizard-of-oz-wooz-using-the-wooz-
methodology-to-prototype-automated-vehicles.pdf

44



References

Bengler, K., Rettenmaier, M., Fritz, N., & Feierle, A. (2020). From HMI to HMIs: Towards an
HMI Framework for Automated Driving. Information, 11(2), 61.
https://doi.org/10.3390/info11020061

Bindley, K., & Elliott, R. (2021). Tesla Drivers Test Autopilot’s Limits, Attracting Audiences—
and Safety Concerns. Wall Street Journal. https://www.wsj.com/articles/tesla-
drivers-test-autopilots-limits-attracting-audiencesand-safety-concerns-
11621503008

BMDV. (2021). Germany will be the world leader in autonomous driving.
https://www.bmvi.de/SharedDocs/EN/Articles/DG/act-on-autonomous-

driving.html
BMW. (2018). “Hey BMW, now we’re talking!" BMWs are about to get a personality with the
company’s Intelligent Personal Assistant.

https://www.press.bmwgroup.com/global/article/detail/T0284429EN/%E2%8
0%9Chey-bmw-now-we%E2%80%99re-talking-bmws-are-about-to-get-a-
personality-with-the-company%E2%80%99s-intelligent-personal-
assistant?language=en

Boggs, A. M,, Arvin, R,, & Khattak, A. ]. (2020). Exploring the who, what, when, where, and
why of automated vehicle disengagements. Accident; Analysis and Prevention, 136,
105406. https://doi.org/10.1016/j.aap.2019.105406

Bonnighausen, D. (2022). Lade-Routenplanungs-Apps: Wie gelingt die elektrische
Urlaubsfahrt ohne High-Tech-Navi? https://www.electrive.net/2022/08/04/lade-
routenplanungs-apps-wie-gelingt-die-elektrische-urlaubsfahrt-ohne-high-tech-
navi/

Boos, A, Feldhiitter, A., Schwiebacher, ]., & Bengler, K. (2020). Mode Errors and Intentional
Violations in Visual Monitoring of Level 2. In 23rd IEEE International Conference on
Intelligent Transportation Systems, Virtual Conference.

Braun, M., Weber, F., & Alt, F. (2022). Affective Automotive User Interfaces-Reviewing the
State of Driver Affect Research and Emotion Regulation in the Car. ACM Computing
Surveys, 54(7), 1-26. https://doi.org/10.1145/3460938

Bubb, H., Bengler, K., Griinen, R. E., & Vollrath, M. (2015). Automobilergonomie. ATZ / MTZ-
Fachbuch. Springer Vieweg. http://dx.doi.org/10.1007/978-3-8348-2297-0
https://doi.org/10.1007 /978-3-8348-2297-0

Burmester, M. (2022). Design Thinking - new old creativity.
https://www.uid.com/en/news/design-thinking-revolutionize-human-centred-
design

Cadillac.  (2022). Designed to take your hands and breath away.
https://www.cadillac.com/ownership/vehicle-technology/super-cruise

Capallera, M., Meteier, Q., Salis, E. de, Angelini, L., Carrino, S., Khaled, O. A., & Mugellini, E.
(2019). Owner Manuals Review and Taxonomy of ADAS Limitations in Partially
Automated Vehicles. In Proceedings of the 11th International Conference on
Automotive User Interfaces and Interactive Vehicular Applications (pp. 156-164).
Association for Computing Machinery.
https://doi.org/10.1145/3342197.3344530

Chaurand, N., Bossart, F., & Delhomme, P. (2015). A naturalistic study of the impact of
message framing on highway speeding. Transportation Research Part F: Traffic
Psychology and Behaviour, 35, 37-44. https://doi.org/10.1016/j.trf.2015.09.001

Chicheportiche, 0. (2016). Nous avons testé le WiFi gratuit dans le TGV Paris-Lyon.
https://www.zdnet.fr/actualites /nous-avons-teste-le-wifi-gratuit-dans-le-tgv-
paris-lyon-39845920.htm

45



References

Da Silva, T., Martin, A., Maurer, F., & Silveira, M. (2011). User-Centered Design and Agile
Methods: A Systematic Review. In AGILE Conference (pp.77-86). IEEE.
https://doi.org/10.1109/AGILE.2011.24

Dandekar, A., Mathis, L.-A., Berger, M., & Pfleging, B. (2022). How to Display Vehicle
Information to Users of Automated Vehicles When Conducting Non-Driving-
Related Activities. Proc. ACM Hum.-Comput. Interact.,, 6.
https://doi.org/10.1145/3546741

Danner, S., Feierle, A, Manger, C., & Bengler, K. (2021). Context-Adaptive Availability
Notifications for an SAE Level 3 Automation. Multimodal Technologies and
Interaction, 5(4), 16. https://doi.org/10.3390/mti5040016

Danner, S., Pfromm, M., & Bengler, K. (2020). Does Information on Automated Driving
Functions and the Way of Presenting It before Activation Influence Users’ Behavior
and Perception of the System? Information, 11(1), 54.
https://doi.org/10.3390/info11010054

Doherty, S. T., & Miller, E. J. (2000). A computerized household activity scheduling survey.
Transportation, 27(1), 75-97. https://doi.org/10.1023/A:1005231926405

Dona, R., & Ciuffo, B. (2022). Virtual Testing of Automated Driving Systems. A Survey on
Validation Methods. IEEE Access, 10, 24349-24367.
https://doi.org/10.1109/ACCESS.2022.3153722

Drews, F. A, Yazdani, H,, Godfrey, C.N.,, Cooper,].M., & Strayer,D.L. (2009). Text
messaging during simulated driving. Human Factors, 51(5), 762-770.
https://doi.org/10.1177/0018720809353319

Duff, M. (2022). 2022 Mercedes-Benz EQS with Drive Pilot: Autonomous on the Autobahn.
https://www.caranddriver.com/reviews/a39966189/2022-mercedes-benz-eqs-
drive-pilot-drive/

Edwards, M. B,, & Gronlund, S. D. (1998). Task interruption and its effects on memory.
Memory (Hove, England), 6(6), 665-687. https://doi.org/10.1080/741943375

DIN EN ISO 9241-210 (06.2010). Ergonomics of human-system interaction - Part 210:
Human-centred design for interactive systems.

Eriksson, A.,, Banks, V. A, & Stanton, N.A. (2017). Transition to manual: Comparing
simulator with on-road control transitions. Accident; Analysis and Prevention, 102,
227-234. https://doi.org/10.1016/j.aap.2017.03.011

Ettema, D., & Verschuren, L. (2007). Multitasking and Value of Travel Time Savings.
Transportation Research Record: Journal of the Transportation Research Board,
2010(1), 19-25. https://doi.org/10.3141/2010-03

Fayyad, |., Jaradat, M. A., Gruyer, D., & Najjaran, H. (2020). Deep Learning Sensor Fusion for
Autonomous Vehicle Perception and Localization: A Review. Sensors (Basel,
Switzerland), 20(15). https://doi.org/10.3390/s20154220

Feierle, A., Biicher], F., Hecht, T., & Bengler, K. (2020). Evaluation of Display Concepts for
the Instrument Cluster in Urban Automated Driving. In T. Ahram, W. Karwowski,
S. Pickl, & R. Taiar (Eds.), Advances in Intelligent Systems and Computing: Vol. 1026,
Proceedings of the Znd International Conference on Human Systems Engineering and
Design Il. IHSED 2019. Advances in Intelligent Systems and Computing (pp. 209-
215). Springer International Publishing. https://doi.org/10.1007/978-3-030-
27928-8_32

Feierle, A., Danner, S., Steininger, S., & Bengler, K. (2020). Information Needs and Visual
Attention during Urban, Highly Automated Driving—An Investigation of Potential
Influencing Factors. Information, 11(2), 62.
https://doi.org/10.3390/info11020062

46



References

Feierle, A., Holderied, M., & Bengler, K. (2020). Evaluation of Ambient Light Displays for
Requests to Intervene and Minimal Risk Maneuvers in Highly Automated Urban
Driving. In 23rd IEEE International Conference on Intelligent Transportation
Systems, Virtual Conference.

Feierle, A., Schlichtherle, F., & Bengler, K. (2021). Augmented Reality Head-Up Display: A
Visual Support During Malfunctions in Partially Automated Driving? I[EEE
Transactions on Intelligent Transportation Systems, 1-13.
https://doi.org/10.1109/TITS.2021.3119774

Feinauer, S., Schuller, L., Groh, I., Huestegge, L., & Petzoldt, T. (2022). The potential of
gamification for user education in partial and conditional driving automation: A
driving simulator study. Transportation Research Part F: Traffic Psychology and
Behaviour, 90, 252-268. https://doi.org/10.1016/j.trf.2022.08.009

Feldhiitter, A.,, Hecht, T., Kalb, L., & Bengler, K. (2018). Effect of prolonged periods of
conditionally automated driving on the development of fatigue: With and without
non-driving-related activities. Cognition, Technology & Work(21), 33-40.
https://doi.org/10.1007/s10111-018-0524-9

Fraedrich, E., Cyganski, R,, Wolf, ., & Lenz, B. (2016). User Perspectives on Autonomous
Driving:A Use-Case-Driven Study in Germany (Arbeitsberichte). Humboldt-
Universitat zu Berlin. https://elib.dlr.de/103242/

Gasser, T. M. (2012). Rechtsfolgen zunehmender Fahrzeugautomatisierung: Gemeinsamer
Schlussbericht der Projektgruppe. Berichte der Bundesanstalt fiir Strassenwesen -
Fahrzeugtechnik (F): Vol. 83. Wirtschaftsverl. NW Verl. fiir neue Wissenschaft.

Geiser, G. (1985). Mensch-Maschine-Kommunikation im Kraftfahrzeug. ATZextra, 87(2),
77-84.

Ghazizadeh, M., Lee,].D., & Boyle, L. N. (2012). Extending the Technology Acceptance
Model to assess automation. Cognition, Technology & Work, 14(1), 39-49.
https://doi.org/10.1007/s10111-011-0194-3

Glendon, A. I, & Walker, B. L. (2013). Can anti-speeding messages based on protection
motivation theory influence reported speeding intentions? Accident Analysis and
Prevention, 57, 67-79. https://doi.org/10.1016/j.aap.2013.04.004

Gold, C., & Bengler, K. (2014). Taking Over Control from Highly Automated Vehicles. In T.
Ahram, W. Karwowski, & T. Marek (Eds.), Proceedings of the 5th International
Conference on Applied Human Factors and Ergonomics (Vol. 8).

Google. (2022). Get directions & show routes.
https://support.google.com/maps/answer/144339?hl=en&co=GENIE.Platform%
3DDesktop#zippy=%2Cavoid-tolls-highways%2Cchange-the-time-that-you-
leave-or-arrive%Z2Cunderstand-how-we-rank-transportation-options

Grabbe, N., Kellnberger, A., Aydin, B., & Bengler, K. (2020). Safety of automated driving:
The need for a systems approach and application of the Functional Resonance
Analysis Method. Safety Science, 126, 104665.
https://doi.org/10.1016/j.ssci.2020.104665

Grater, A., Rosenquist, M., Steiger, E., & Harrer, M. (2019, March 8). Connected Automated
Driving Roadmap. ERTRAC Working Group "Connectivity and Automated Driving"
(No. 8). Brussels, Belgium. ERTRAC.

Harper, F. M., Xu, F., Kaur, H., Condiff, K., Chang, S., & Terveen, L. (2015). Putting Users in
Control of their Recommendations. In Recsys'15: Proceedings of the 9th ACM
Conference on Recommender Systems: September 16-20, 2015, Vienna, Austria. ACM
Association for Computing Machinery.
https://doi.org/10.1145/2792838.2800179

47



References

Hawkins, A.]. (2022). Lyft and Motional’s all-electric robotaxi service is now live in Las
Vegas. https://www.theverge.com/2022/8/16/23306770/lyft-motional-
robotaxi-service-las-vegas-hyundai-ev

Heath, C,, Larrick, R. P., & Wu, G. (1999). Goals as reference points. Cognitive Psychology,
38(1), 79-109. https://doi.org/10.1006/cogp.1998.0708

Hecht, T., Danner,S., Feierle, A., & Bengler, K. (2020). Does a Confidence Level for
Automated Driving Time Estimations Improve the Subjective Evaluation of an
Automation HMI? Multimodal Technologies and Interaction, 4(3), 36.
https://doi.org/10.3390/mti4030036

Hecht, T., Darlagiannis, E., & Bengler, K. (2020). Non-driving Related Activities in
Automated Driving - An Online Survey Investigating User Needs. In T. Ahram, W.
Karwowski, S. Pickl, & R. Taiar (Eds.), Advances in Intelligent Systems and
Computing: Vol. 1026, Proceedings of the 2nd International Conference on Human
Systems Engineering and Design II. IHSED 2019. Advances in Intelligent Systems and
Computing (pp. 182-188). Springer International Publishing.
https://doi.org/10.1007/978-3-030-27928-8_28

Hecht, T., Feldhiitter, A., Draeger, K., & Bengler, K. (2020). What Do You Do? An Analysis of
Non-driving Related Activities During a 60 Minutes Conditionally Automated
Highway Drive. In T. Ahram, R. Taiar, S. Colson, & A. Choplin (Eds.), Advances in
Intelligent Systems and Computing: Vol. 1018, Human Systems Engineering and
Design II. IHSED 2019. Advances in Intelligent Systems and Computing. Springer
International Publishing. https://doi.org/10.1007/978-3-030-27928-8_28

Hecht, T., Feldhiitter, A., Radlmayr, J., Nakano, Y., Miki, Y., Henle, C., & Bengler, K. (2019). A
Review of Driver State Monitoring Systems in the Context of Automated Driving. In
S. Bagnara, R. Tartaglia, S. Albolino, T. Alexander, & Y. Fujita (Eds.), Proceedings of
the 20th Congress of the International Ergonomics Association (IEA 2018) (pp. 398-
408). Springer International Publishing.

Hecht, T., Kratzert, S., & Bengler, K. (2020). The Effects of a Predictive HMI and Different
Transition Frequencies on Acceptance, Workload, Usability, and Gaze Behavior
During Urban Automated Driving. Information, 11(2), 73.
https://doi.org/10.3390/info11020073

Hecht, T., Sievers, M., & Bengler, K. (2020). Investigating User Needs for Trip Planning with
Limited Availability of Automated Driving Functions. In C. Stephanidis & M. Antona
(Eds.), HCI International 2020 - Posters (pp.359-366). Springer International
Publishing.

Hecht, T., Weng, S., Drexl, A., & Bengler, K. (2022). User-Centered Development of a Route
Planning App for Fragmented Automated Drives. In H. Kromker (Ed.), Lecture
Notes in Computer Science. HCI in Mobility, Transport, and Automotive Systems (Vol.
13335, pp- 134-150). Springer International Publishing.
https://doi.org/10.1007/978-3-031-04987-3_9

Hecht, T., Weng, S., Kick, L.-F., & Bengler, K. (2022). How users of automated vehicles
benefit from predictive ambient light displays. Applied Ergonomics, 103, 103762.
https://doi.org/10.1016/j.apergo.2022.103762

Hecht, T., Zhou, W., & Bengler, K. (2022). How to Keep Drivers Attentive during Level 2
Automation? Development and Evaluation of an HMI Concept Using Affective
Elements and Message Framing. Safety, 8(3), 47.
https://doi.org/10.3390/safety8030047

Helldin, T., Falkman, G., Riveiro, M., & Davidsson, S. (2013). Presenting system uncertainty
in automotive Uls for supporting trust calibration in autonomous driving. In J.
Terken (Ed.), Proceedings of the 5th International Conference on Automotive User

48



References

Interfaces and Interactive Vehicular Applications, Eindhoven, 2013, [October 28 - 30,
2013] (pp. 210-217). ACM. https://doi.org/10.1145/2516540.2516554

Herger, M. (2021). GM Cruise Conducts First Driverless Passenger Ride in San Francisco.
https://thelastdriverlicenseholder.com/2021/11/03 /gm-cruise-conducts-first-
driverless-passenger-ride-in-san-francisco/

Hock, P., Kraus, ], Babel, F., Walch, M., Rukzio, E., & Baumann, M. (2018). How to Design
Valid Simulator Studies for Investigating User Experience in Automated Driving. In
Proceedings of the 10th International Conference on Automotive User Interfaces and
Interactive Vehicular Applications (pp. 105-117). ACM.
https://doi.org/10.1145/3239060.3239066

Hollander, K., & Pfleging, B. (2018). Preparing Drivers for Planned Control Transitions in
Automated Cars. In S. Abdennadher & F. Alt (Eds.), ICPS: ACM international
conference proceeding series, MUM 2018: 17th International Conference on Mobile
and Ubiquitous Multimedia. Proceedings. Nov 25 - Nov 28, 2018, Cairo, Egypt
(pp. 83-92). The Association for Computing Machinery, Inc.
https://doi.org/10.1145/3282894.3282928

Hummel, D., & Maedche, A. (2019). How effective is nudging? A quantitative review on the
effect sizes and limits of empirical nudging studies. Journal of Behavioral and
Experimental Economics, 80, 47-58. https://doi.org/10.1016/j.socec.2019.03.005

Iclodean, C.,, Cordos,N., & Varga, B.0. (2020). Autonomous Shuttle Bus for Public
Transportation: A Review. Energies, 13(11), 2917.
https://doi.org/10.3390/en13112917

IGI Global. (2022). What is user control? https://www.igi-global.com/dictionary/user-
control/31179

Jin, Y., Tintarev, N., & Verbert, K. (2018). Effects of personal characteristics on music
recommender systems with different levels of controllability. In S. Pera (Ed.),
Proceedings of the 12th ACM Conference on Recommender Systems (pp. 13-21).
ACM. https://doi.org/10.1145/3240323.3240358

Kaptein, N. A,, Theeuwes, |., & van der Horst, R. (1996). Driving Simulator Validity: Some
Considerations. Transportation Research Record: Journal of the Transportation
Research Board, 1550(1), 30-36.
https://doi.org/10.1177/0361198196155000105

Kim,]., Revell, K, Langdon,P., Bradley, M. Politis,I., Thompson,S. Skrypchuk, L.,
O'Donoghue, |, Richardson, ]., & Stanton, N. A. (2022). Partially automated driving
has higher workload than manual driving: An on-road comparison of three
contemporary vehicles with SAE Level 2 features. Human Factors and Ergonomics
in  Manufacturing & Service Industries. Advance online publication.
https://doi.org/10.1002 /hfm.20969

Kivetz, R.,, Urminsky, O., & Zheng, Y. (2006). The Goal-Gradient Hypothesis Resurrected:
Purchase Acceleration, Illusionary Goal Progress, and Customer Retention. Journal
of Marketing Research, 43(1), 39-58. https://doi.org/10.1509/jmkr.43.1.39

Klingegard, M., Andersson, J., Habibovic, A., Nilsson, E., & Rydstrom, A. (2020). Drivers’
Ability to Engage in a Non-Driving Related Task While in Automated Driving Mode
in Real Traffic. IEEE Access, 8, 221654-221668.
https://doi.org/10.1109/ACCESS.2020.3043428

Kolarova, V., Steck, F., & Bahamonde-Birke, F. ]. (2019). Assessing the effect of autonomous
driving on value of travel time savings: A comparison between current and future
preferences. Transportation Research Part a: Policy and Practice, 129, 155-169.
https://doi.org/10.1016/j.tra.2019.08.011

49



References

Konig, M., & Neumayr, L. (2017). Users’ resistance towards radical innovations: The case
of the self-driving car. Transportation Research Part F: Traffic Psychology and
Behaviour, 44, 42-52. https://doi.org/10.1016/j.trf.2016.10.013

Kunze, A., Summerskill, S., Marshall, R., & Filtness, A.]. (2018). Automation Transparency:
Implications of Uncertainty Communication for Human-Automation Interaction
and Interfaces. Ergonomics, 62, 1-22.
https://doi.org/10.1080/00140139.2018.1547842

Large, D., Burnett, G., Morris, A.,, Muthumani, A., & Matthias, R. (2017). Design Implications
of Drivers’ Engagement with Secondary Activities During Highly-Automated
Driving - A Longitudinal Simulator Study. In Road Safety and Simulation
International Conference (RSS), The Hague, Netherlands.

Leech, ], Whelan, G, Bhaiji, M., Hawes, M., & Scharring, K. (2015). Connected and
Autonomous  Vehicles - The UK  Economic  Opportunity. KPMG.
https://www.smmt.co.uk/wp-content/uploads/sites/2/CRT036586F-
Connected-and-Autonomous-Vehicles-%E2%80%93-The-UK-Economic-
Opportu...1.pdf

Lehtonen, E., Worle, ], Malin, F., Metz, B,, & Innamaa, S. (2021). Travel experience matters:
Expected personal mobility impacts after simulated L3/L4 automated driving.
Transportation. Advance online publication. https://doi.org/10.1007/s11116-
021-10211-6

Lewis, 1., Watson, B., & White, K. M. (2008). An examination of message-relevant affect in
road safety messages: Should road safety advertisements aim to make us feel good
or bad? Transportation Research Part F: Traffic Psychology and Behaviour, 11(6),
403-417. https://doi.org/10.1016/j.trf.2008.03.003

Liu, R, Wang, ]., & Zhang, B [Bingqi] (2020). High Definition Map for Automated Driving:
Overview and Analysis. Journal of Navigation, 73(2), 324-341.
https://doi.org/10.1017/S0373463319000638

Liu, S, Tang, ]., Zhang, Z., & Gaudiot, ].-L. (2017). Computer Architectures for Autonomous
Driving. Computer, 50(8), 18-25. https://doi.org/10.1109/MC.2017.3001256

Llaneras, R. E., Salinger, J., & Green, C. A. (2013). Human Factors Issues Associated with
Limited Ability Autonomous Driving Systems: Drivers’ Allocation of Visual
Attention to the Forward Roadway. In Proceedings of the 7th International Driving
Symposium on Human Factors in Driver Assessment, Training, and Vehicle Design
2013 (pp- 92-98). University of lowa.
https://doi.org/10.17077 /drivingassessment.1472

Locke, H. (2021). User-centred vs human-centred design: An important distinction for
methodology planning. https://medium.com/@h_locke/user-centred-vs-human-
centred-14837e3e55f5

Louw, T., Kuo, ], Romano, R,, Radhakrishnan, V., Lenné, M. G., & Merat, N. (2019). Engaging
in NDRTs affects drivers’ responses and glance patterns after silent automation
failures. Transportation Research Part F: Traffic Psychology and Behaviour, 62,870~
882. https://doi.org/10.1016/.trf.2019.03.020

Lyons, G., Jain, J., & Holley, D. (2007). The use of travel time by rail passengers in Great
Britain. Transportation Research Part a: Policy and Practice, 41(1), 107-120.
https://doi.org/10.1016/j.tra.2006.05.012

Maddux, ]. E., & Rogers, R. W. (1983). Protection motivation and self-efficacy: A revised
theory of fear appeals and attitude change. Journal of Experimental Social
Psychology, 19(5), 469-479. https://doi.org/10.1016/0022-1031(83)90023-9

50



References

Marti, E., Miguel, M. A. de, Garcia, F., & Perez, J. (2019). A Review of Sensor Technologies
for Perception in Automated Driving. IEEE Intelligent Transportation Systems
Magazine, 11(4), 94-108. https://doi.org/10.1109/MITS.2019.2907630

Matthews, T., Dey, A. K., Mankoff, ]J., Carter,S., & Rattenbury, T. (2004). A toolkit for
managing user attention in peripheral displays. In S. K. Feiner (Ed.), Proceedings of
the 17th annual ACM symposium on User interface software and technology (p. 247).
ACM. https://doi.org/10.1145/1029632.1029676

McGuirl, J. M., & Sarter, N. B. (2006). Supporting trust calibration and the effective use of
decision aids by presenting dynamic system confidence information. Human
Factors, 48(4), 656-665. https://doi.org/10.1518/001872006779166334

Mercedes-Benz AG. (2022). Mercedes-Benz DRIVE PILOT. https://www.mercedes-
benz.de/passengercars/technology-innovation/mercedes-benz-drive-
pilot/stage.module.html

Mercedes-Benz Group. (2021). The easy way to reach your destination: the car takes on the
task of planning the route; charging and paying are convenient and easy.
https://group-media.mercedes-
benz.com/marsMediaSite/en/instance/ko.xhtml?0id=48716432

Metz, B.,, Worle, J., Hanig, M., Schmitt, M., & Lutz, A. (2020). Repeated Usage of an L3
Motorway Chauffeur: Change of Evaluation and Usage. Information, 11(2), 114.
https://doi.org/10.3390/info11020114

Metz, B., Worle, ]., Hanig, M., Schmitt, M., Lutz, A., & Neukum, A. (2021). Repeated usage of
a motorway automated driving function: Automation level and behavioural
adaption. Transportation Research Part F: Traffic Psychology and Behaviour, 81, 82-
100. https://doi.org/10.1016/j.trf.2021.05.017

Metz, C. (2022). Lyft Unveils Self-Driving Car Service in Las Vegas (With Caveats). New York
Times. https://www.nytimes.com/2022/08/16/technology/lyft-self-driving-
cars-las-vegas.html

Mihalj, T, Li,H., Babi¢, D [Dario], Lex, C., Jeudy, M. Zovak, G., Babi¢, D [Darko], &
Eichberger, A. (2022). Road Infrastructure Challenges Faced by Automated
Driving: A Review. Applied Sciences, 12(7), 3477.
https://doi.org/10.3390/app12073477

Milakis, D. (2019). Long-term implications of automated vehicles: an introduction.
Transport Reviews, 39(1), 1-8. https://doi.org/10.1080/01441647.2019.1545286

Mokhtarian, P. L., & Salomon, I. (2001). How derived is the demand for travel? Some
conceptual and measurement considerations. Transportation Research Part a:
Policy and Practice, 35(8), 695-719. https://doi.org/10.1016/S0965-
8564(00)00013-6

Mole, C,, Pekkanen,]., Sheppard, W., Louw, T, Romano, R.,, Merat, N.,, Markkula, G., &
Wilkie, R. (2020). Predicting takeover response to silent automated vehicle
failures. PloS One, 15(11). https://doi.org/10.1371/journal.pone.0242825

Miiller, H., Kazakova, A., Pielot, M., Heuten, W., & Boll,S. (2013). Ambient Timer -
Unobtrusively Reminding Users of Upcoming Tasks with Ambient Light. In P.
Kotzé, G. Marsden, G. Lindgaard, ]. Wesson, & M. Winckler (Eds.), Lecture Notes in
Computer Science: Vol. 8117. Human-computer interaction - INTERACT 2013: 14th
IFIP TC 13 international conference, Cape Town, South Africa, September 2 - 6, 2013
; proceedings, part 1 (Vol. 8117, pp. 211-228). Springer.
https://doi.org/10.1007 /978-3-642-40483-2_15

Muraven, M., Tice, D. M., & Baumeister, R. F. (1998). Self-control as a limited resource:
Regulatory depletion patterns. Journal of Personality and Social Psychology, 74(3),
774.

51



References

Naujoks, F., Purucker, C., & Neukum, A. (2016). Secondary task engagement and vehicle
automation - Comparing the effects of different automation levels in an on-road
experiment. Transportation Research Part F: Traffic Psychology and Behaviour, 38,
67-82. https://doi.org/10.1016/j.trf.2016.01.011

Naujoks, F., Purucker, C., Neukum, A., Wolter, S., & Steiger, R. (2015). Controllability of
Partially Automated Driving functions - Does it matter whether drivers are
allowed to take their hands off the steering wheel? Transportation Research Part F:
Traffic Psychology and Behaviour, 35, 185-198.
https://doi.org/10.1016/j.trf.2015.10.022

Naujoks, F.,, Wiedemann, K,, & Schomig, N. (2017). The Importance of Interruption
Management for Usefulness and Acceptance of Automated Driving. In Proceedings
of the 9th International Conference on Automotive User Interfaces and Interactive
Vehicular Applications, Oldenburg, Germany.

Neale, V. L., Dingus, T. A, Klauer, S. G., Sudweeks, ]., & Goodman, M. (2005). An overview of

the 100-car naturalistic study and findings. NHTSA.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.172.2366&rep=rep1
&type=pdf

NHTSA. (2022). Levels of Automation.

https://www.nhtsa.gov/sites/nhtsa.gov/files/2022-05/Level-of-Automation-
052522-tag.pdf

Nielsen, J. (2000). Why You Only Need to Test with 5 Users. Nielsen Norman Group.
https://www.nngroup.com/articles/why-you-only-need-to-test-with-5-users/

Norman, D. A., & Draper, S. W. (Eds.). (1986). User centered system design: New perspectives
on human-computer interaction. Erlbaum.

Othersen, I. (2016). Vom Fahrer zum Denker und Teilzeitlenker: Einflussfaktoren und
Gestaltungsmerkmale  nutzerorientierter  Interaktionskonzepte  fiir  die
Uberwachungsaufgabe des Fahrers im teilautomatisierten Modus [Dissertation,
Technische Universitit Braunschweig, Braunschweig]. GBV Gemeinsamer
Bibliotheksverbund.

Parasuraman, R., & Riley, V. (1997). Humans and Automation: Use, Misuse, Disuse, Abuse.
Human Factors, 39(2), 230-253. https://doi.org/10.1518/001872097778543886

Petermann-Stock, I., Hackenberg, L., Muhr, T., & Mergl, C. (2013). Wie lange braucht der
Fahrer? Eine Analyse zu Ubernahmezeiten aus verschiedenen Nebentitigkeiten
wahrend einer hochautomatisierten Staufahrt. 6. Tagung Fahrerassistenzsysteme.
Der Weg Zum Automatischen Fahren.

Petermeijer, S. M., Doubek, F., & Winter, |. C. de. (2017). Driver response times to auditory,
visual, and tactile take-over requests: A simulator study with 101 participants. In
Proceedings of the IEEE International Conference on Systems, Man, and Cybernetics
(SMC). https://doi.org/10.1109/SMC.2017.8122827

Pfleging, B., Rang, M., & Broy, N. (2016). Investigating user needs for non-driving-related
activities during automated driving. In F. Alt (Ed.), ICPS: ACM international
conference proceeding series, Proceedings of the 15th International Conference on
Mobile and Ubiquitous Multimedia (MUM) (pp.91-99). The Association for
Computing Machinery, Inc. https://doi.org/10.1145/3012709.3012735

PIARC. (2021). Automated Vehicles - Challenges and Opportunities for Road Operators and
Authorities. https://www.piarc.org/en/order-library/35948-en-
Automated%20Vehicles%20-
%?20Challenges%20and%200pportunities%20for%20Road%200perators%20a
nd%20Road%20Authorities

52



References

Pipkorn, L., Victor, T. W., Dozza, M., & Tivesten, E. (2021). Driver conflict response during
supervised automation: Do hands on wheel matter? Transportation Research Part
F: Traffic Psychology and Behaviour, 76, 14-25.
https://doi.org/10.1016/j.trf.2020.10.001

Pu, P, Chen, L, & Hu,R. (2012). Evaluating recommender systems from the user’s
perspective: Survey of the state of the art. User Modeling and User-Adapted
Interaction, 22(4-5), 317-355. https://doi.org/10.1007 /s11257-011-9115-7

Ranney, T. A., Garrott, W. R., & Goodman, M. ]. (2001). NHTSA driver distraction research:
Past, present, and future. NHTSA.

Rattenbury,S.  (2020). Smiley faces encourage drivers to slow down.
https://www.cmtedd.act.gov.au/open_government/inform/act_government_med
ia_releases/rattenbury/2020/smiley-faces-encourage-drivers-to-slow-down

Reagan, I.]., Teoh, E.R., Cicchino, ]J. B.,, Gershon, P., Reimer, B., Mehler, B.,, & Seppelt, B.
(2021). Disengagement from driving when using automation during a 4-week field
trial. Transportation Research Part F: Traffic Psychology and Behaviour, 82, 400-
411. https://doi.org/10.1016/j.trf.2021.09.010

Richardson, N. T., Flohr, L., & Michel, B. (2018). Takeover Requests in Highly Automated
Truck Driving: How Do the Amount and Type of Additional Information Influence
the Driver-Automation Interaction? Multimodal Technologies and Interaction, 2(4),
68. https://doi.org/10.3390/mti2040068

Rohde & Schwarz. (2022). Determining the mounting position of automotive radar sensors.
https://www.rohde-schwarz.com/au/applications/determining-the-mounting-
position-of-automotive-radar-sensors-application-card_56279-
661795.html?change_c=true

Rosenbaum, S., Rohn, J. A, & Humburg, J. (2000). A toolkit for strategic usability. In T.
Turner & G. Szwillus (Eds.), Proceedings of the SIGCHI conference on Human factors
in  computing systems - CHI '00 (pp.337-344). ACM Press.
https://doi.org/10.1145/332040.332454

Rothstein, P., & Shirey, M. T. (2004). User-Centered Research: A Status Report. Design
Philosophy Papers, 2(1), 7-19.
https://doi.org/10.2752/144871304X13966215067516

SAE International. (2017). Patience is a virtue: Waiting for fully autonomous vehicles to hit
the road. https://embeddedcomputing.com/application/automotive/patience-is-
a-virtue-waiting-for-fully-autonomous-vehicles-to-hit-the-road

SAE International. (2021a). J3016: Taxonomy and Definitions for Terms Related to Driving
Automation Systems for On-Road Motor Vehicles.
https://www.sae.org/standards/content/j3016_202104/

SAE International. (2021b). SAE Levels of Driving Automation Refined for Clarity and
International Audience. https://www.sae.org/blog/sae-j3016-update

Salah, D., Paige, R.F, & Cairns, P. (2014). A systematic literature review for agile
development processes and user centred design integration. In M. Shepperd, T.
Hall, & I. Myrtveit (Eds.), Proceedings of the 18th International Conference on
Evaluation and Assessment in Software Engineering - EASE '14 (pp. 1-10). ACM
Press. https://doi.org/10.1145/2601248.2601276#

Schweber, B. (2021a). Automobile Hands-Off Detection, Part 3: Torque solutions.
MicrocontrollerTips. https://www.microcontrollertips.com/automobile-hands-
off-detection-part-3-torque-solutions-faq/

Schweber, B. (2021b). Automobile Hands-Off Detection, Part 4: Capacitive solutions.
MicrocontrollerTips. https://www.microcontrollertips.com/automobile-hands-
off-detection-part-4-capacitive-solutions-faq/

53



References

Shani, G., Rokach, L., Shapira, B., Hadash, S., & Tangi, M. (2013). Investigating confidence
displays for top- N recommendations. Journal of the American Society for
Information Science and Technology, 64(12), 2548-2563.
https://doi.org/10.1002 /asi.22934

Sillin, J. (2022). What Does the Percentage of Rain Mean on a Weather App?
https://www.weatherstationadvisor.com/what-does-the-percentage-of-rain-
mean/

Sommer, K.  (2013). Continental = Mobilititsstudie  2013.  Continental  AG.
https://www.continental.com/de/presse/initiatives-surveys/continental-
mobilitaetsstudien/mobilitaetsstudie-2013

Speier, C., Valacich, ].S.,, & Vessey, . (1999). The Influence of Task Interruption on
Individual Decision Making: An Information Overload Perspective. Decision
Sciences, 30(2), 337-360. https://doi.org/10.1111/j.1540-5915.1999.tb01613.x

Stockert, S., Richardson, N.T,, & Lienkamp, M. (2015). Driving in an Increasingly
Automated World - Approaches to Improve the Driver-automation Interaction.
Procedia Manufacturing, 3, 2889-2896.
https://doi.org/10.1016/j.promfg.2015.07.797

Stokes, C. K., Lyons, ]. B, Littlejohn, K, Natarian,]., Case, E, & Speranza, N. (2010).
Accounting for the human in cyberspace: Effects of mood on trust in automation.
In 2010 International Symposium on Collaborative Technologies and Systems
(pp- 180-187). IEEE. https://doi.org/10.1109/CTS.2010.5478512

Sunstein, C. R. (2014). Nudging: A Very Short Guide. Journal of Consumer Policy, 37(4), 583~
588. https://doi.org/10.1007 /s10603-014-9273-1

Susilo, Y., Lyons, G., Jain, ]., & Atkins, S. (2013). Rail Passengers’ Time Use and Utility
Assessment. Transportation Research Record: Journal of the Transportation
Research Board, 2323(1), 99-109. https://doi.org/10.3141/2323-12

Tchuente, D., Senninger, D., Pietsch, H., & Gasdzik, D. (2021). Providing more regular road
signs infrastructure updates for connected driving: A crowdsourced approach with
clustering and confidence level. Decision Support Systems, 141, 113443.
https://doi.org/10.1016/j.dss.2020.113443

Tesla. (2022). Future of Driving. https://www.tesla.com/autopilot

Thalys. (2013, September 5). Umfrage im Auftrag von Thalys: Wie reisen Europder? Studie
unter europdischen Reisenden zeigt Idnderspezifische Unterschiede und
Gemeinsamkeiten im Reiseverhalten [Press release]. Koln.

Tice, D. M., Baumeister, R. F., Shmueli, D, & Muraven, M. (2007). Restoring the self:
Positive affect helps improve self-regulation following ego depletion. Journal of
Experimental Social Psychology, 43(3), 379-384.
https://doi.org/10.1016/j.jesp.2006.05.007

Tomov, M. S., Yagati, S, Kumar, A.,, Yang, W., & Gershman,S.]. (2020). Discovery of
hierarchical representations for efficient planning. PLoS Computational Biology,
16(4), e1007594. https://doi.org/10.1371 /journal.pcbi.1007594

TomTom International. (2022). Selecting a route type.
http://download.tomtom.com/open/manuals/LIVE /html/en-
gb/Selectingaroutetype-NavcoreQ1.htm

UNECE. UN Regulation extends automated driving up to 130 km/h in certain conditions .
https://unece.org/sustainable-development/press/un-regulation-extends-
automated-driving-130-kmh-certain-conditions

Velasco-Hernandez, G., Yeong, D.]., Barry,]., & Walsh,]. (2020). Autonomous Driving
Architectures, Perception and Data Fusion: A Review. In 2020 IEEE 16th

54



References

International Conference on Intelligent Computer Communication and Processing
(1ccp).

Victor, T.W., Tivesten, E., Gustavsson, P., Johansson, ]., Sangberg, F., & Ljung Aust, M.
(2018). Automation Expectation Mismatch: Incorrect Prediction Despite Eyes on
Threat and Hands on Wheel. Human Factors, 60(8), 1095-1116.
https://doi.org/10.1177/0018720818788164

Volkswagen. (2021). Hello ID. Light! How the new ID. models communicate with the vehicle
occupants via a light strip. https://www.volkswagen-
newsroom.com/en/stories/hello-id-light-how-the-new-id-models-communicate-
with-the-vehicle-occupants-via-a-light-strip-6963

Vora, T. (2021). User-Centered Design - The Design Process and Tools.
https://www.cuelogic.com/blog/user-centered-design

Vredenburg, K., Mao, J.-Y.,, Smith, P. W.,, & Carey, T. (2002). A survey of user-centered
design practice. In D. Wixon (Ed.), Proceedings of the SIGCHI conference on Human
factors in computing systems Changing our world, changing ourselves - CHI '02
(p-471). ACM Press. https://doi.org/10.1145/503376.503460

Wandtner, B., Schomig, N., & Schmidt, G. (2018). Secondary task engagement and
disengagement in the context of highly automated driving. Transportation
Research Part F: Traffic Psychology and Behaviour, 58, 253-263.
https://doi.org/10.1016/j.trf.2018.06.001

Wang, B.,, & Loo, B.P. Y. (2019). Travel time use and its impact on high-speed-railway
passengers' travel satisfaction in the e-society. International Journal of Sustainable
Transportation, 13(3), 197-209.
https://doi.org/10.1080/15568318.2018.1459968

Weigl, M., Miiller, A., Vincent, C., Angerer, P, & Sevdalis, N. (2012). The association of
workflow interruptions and hospital doctors’ workload: A prospective
observational study. BMJ Quality &  Safety, 21(5), 399-407.
https://doi.org/10.1136/bmjqs-2011-000188

Wildemann, K. (2022). Combined Sensor Power for Autonomous Vehicles. ZF
Friedrichshafen AG. https://www.zf.com/mobile/en/stories_13632.html

Williams, K., Flores, ]. A., & Peters, ]. (2014). Affective Robot Influence on Driver Adherence
to Safety, Cognitive Load Reduction and Sociability. In L. N. Boyle, P. Frohlich, S.
Igbal, G. Burnett, E. Miller, & Y. Wu (Eds.), Proceedings of the 6th International
Conference on Automotive User Interfaces and Interactive Vehicular Applications
(pp- 1-8). ACM. https://doi.org/10.1145/2667317.2667342

Winner, H. (2015). Quo vadis, FAS? In H. Winner, S. Hakuli, F. Lotz, & C. Singer (Eds.),
Handbuch Fahrerassistenzsysteme (pp.1167-1186). Springer Fachmedien
Wiesbaden. https://doi.org/10.1007/978-3-658-05734-3_62

Winter, |. C. de, Happee, R, Martens, M. H.,, & Stanton, N. A. (2014). Effects of adaptive
cruise control and highly automated driving on workload and situation awareness:
A review of the empirical evidence. Transportation Research Part F: Traffic
Psychology and Behaviour, 27, 196-217.
https://doi.org/10.1016/j.trf.2014.06.016

Yeong, D. |, Velasco-Hernandez, G., Barry, J., & Walsh, ]. (2021). Sensor and Sensor Fusion
Technology in Autonomous Vehicles: A Review. Sensors (Basel, Switzerland), 21(6).
https://doi.org/10.3390/s21062140

Young, K., & Regan, M. (2007). Driver distraction: A review of the literature. In I. ]. Faulks,
M. Regan, M. Stevenson, J. Brown, & Porter, A. & ].D. Irwin (Eds.), Distracted driving
(pp- 379-405). NSW.

55



References

Zhang, B [Bo], Winter, ]. C. de, Varotto, S., Happee, R., & Martens, M. (2019). Determinants
of take-over time from automated driving: A meta-analysis of 129 studies.
Transportation Research Part F: Traffic Psychology and Behaviour, 64, 285-307.
https://doi.org/10.1016/j.trf.2019.04.020

Zhang, T. (2020). Toward Automated Vehicle Teleoperation: Vision, Opportunities, and
Challenges. [IEEE Internet of Things Journal, 7(12), 11347-11354.
https://doi.org/10.1109/J10T.2020.3028766

Zhang, Y., Carballo, A,, Yang, H., & Takeda, K. (2021). Autonomous Driving in Adverse
Weather Conditions: A Survey. https://arxiv.org/pdf/2112.08936

56



