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ABSTRACT

Implicit demands on drivers are growing with today’s available variety of sustained
driving automation systems: Drivers must understand each system’s function,
limitations and their own corresponding role. Compared to the strong emphasis on the
technical requirements of driving automation (e.g., outlined in international provisions
concerning the approval of vehicles equipped with driving automation systems), the
process by which users learn about and adapt to their emerging roles have not been
explored to the same extent. This study examines how Human-Machine-Interface
(HMI) design can enhance drivers’ role understanding as part of mode awareness
across different SAE levels of driving automation, and was conducted in preparation
for a larger on-road study. Thirty-seven lay participants were assigned to one of two
sets of HMIs for different sustained driving automation systems: An informative HMI,
including meaningful system names and responsibility-focused textual reminders,
versus a non-informative HMI. Participants then answered questions regarding their
responsibilities and permitted behaviors when using the different systems. Overall,
results show that participants in the informative HMI group gave significantly more
correct answers about their user role and behavioral possibilities than participants in
the non-informative HMI group. The informative HMI also supported participants in
correctly ordering systems by automation level. The findings of this study are used
in an upcoming on-road study to examine a novel assessment method for mode
awareness. Future research could further examine users’ role-related information
needs and the most effective ways to convey this information via the HMI.

Keywords: Sustained driving automation, Human-machine-interface, Human-machine-
interaction, User role

INTRODUCTION

Traditionally, drivers are responsible for executing the entire designated
driving task. Today’s vehicles offer a growing range of sustained driving
automation systems, capable of partially or fully taking over the driving
task. However, as long as the human driver is not entirely freed from the
driving task, this development does not necessarily reduce the demands
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on the person. Rather, drivers have to be aware of each system’s specific
functions, capabilities and limitations, how to operate it as well as their
own corresponding role and responsibilities. Growing diversity of available
driving automation systems and manufacturer-specific or automation level-
specific differences impose additional demands. At the same time, the
communication of user-centered information has received limited attention.
Users thus have to master this implicit demand based on limited information
and fragmented cues, resulting in the risk of safety-critical misunderstandings
and misuse. The current pretest examines how specific aspects of Human-
Machine-Interface (HMI) design can help to support users’ understanding of
their roles and responsibilities related to the driving automation systems.

SAE International’s Standard J3016 (2021) provides an established and
widely used taxonomy to define six different levels of sustained driving
automation. The definitions are formulated in technical terms and mainly
focused on the systems themselves while putting less focus on the users’
different and partly novel roles. Indeed, findings suggest that laypeople can
mainly distinguish the extreme levels of the SAE taxonomy (Seppelt et al.,
2019) and tend to mentally group driving automation systems into fewer,
broader categories (Homans et al., 2020).

Understanding the distinction between different automation levels and
the corresponding human roles is essential, as safe system use depends
on the appropriate interaction between human and vehicle. Empirical
findings demonstrate that deviations from expected driver behaviors can
result in dangerous situations (Boos et al., 2020). Researchers have thus
called for comprehensible, human-centered taxonomies (Kim et al., 2024).
One example is the user-centered communication concept applied by the
German Federal Highway and Transport Research Institute (BASt) (2020),
which aims to provide intuitive, system-independent knowledge on user
roles and responsibilities. It differentiates between three driving modes and
corresponding user roles. The assisted driving mode encompasses SAE Levels
1 and 2 on the technical side and is associated with the driver role on the
human side. The driver is always responsible for performing the driving
task, i.e. he or she is supported by driving automation systems of Level 1
or 2, but has to constantly monitor the environment and correct the system
if needed. The automated driving mode corresponds to SAE Level 3 on
the technical side and entails the user role on the human side. When the
automated mode is active, the system takes over the driving task and does
not require human supervision. The (fallback-ready) user can perform non-
driving-related activities while he or she remains receptive to requests to
intervene by the system upon which he or she needs to take over the driving
task again. In the autonomous driving mode, which encompasses SAE Levels
4 and 5 on the technical side, the human assumes the role of a passenger. He
or she does not have any driving-related tasks and is allowed to freely engage
in non-driving-related activities, including sleeping.

While BASt’s user-centered communication concept provides general
information on user roles, drivers also need to understand how to behave
and interact with a particular system when actually sitting in the vehicle.
According to Sarter and Woods (1995), the concept of mode awareness refers
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to “the ability of a supervisor to track and to anticipate the behavior of
automated systems” (p. 7). This includes being aware of the current mode
and understanding both system and driver tasks (Boos et al., 2020). As
user manuals do not facilitate intuitive access to relevant information, users
currently often learn to operate driving automation systems by trial and
error (Lubkowski et al., 2021). Despite noticeable room for improvement
in building user knowledge, users are still expected to adapt seamlessly to
any newly emerging roles. Supporting users in maintaining mode awareness
becomes increasingly important as vehicles may offer multiple driving
automation systems that can be used within a single trip, potentially
increasing the risk of mode confusion (Sarter & Woods, 1995). As such, the
HMTI’s potential to help drivers understand what is expected from them when
using different systems gains importance (Carsten & Martens, 2019). Several
research reviews provide recommendations on HMI design (e.g., Carsten
& Martens, 2019; Naujoks et al., 2019; Tinga et al., 2023). Nonetheless,
Carsten and Martens (2019) conclude that many of their reviewed HMI
designs fall short of these recommendations.

Research findings support the benefit of providing information of driving
automation reliability (e.g., van den Beukel et al., 2016; Yang et al., 2018)
which is inherently related to the driver’s role. Tinga et al. (2022) compared
two HMIs in terms of how effectively they support drivers’ supervision
and self-regulation during automated driving. Results showed that the
HMI which communicated the reliability (capability) of the respective
automation system supported understandability and usability best. However,
the HMI depicting required/allowed driver tasks was associated with a clearer
understanding of permitted activities. Role- and responsibility-focused
information encompasses both the capability of the driving automation
system as well as the expected or permitted driver behavior, potentially
supporting more holistic driver comprehension. Previous research has also
demonstrated that even the naming of different systems influence how
they are perceived and what capabilities are attributed to them (Abraham
et al., 2017; Teoh, 2020). In practice, manufacturers choose system names
based on marketing strategies. This leaves users with a plethora of system
names that may contain no or even misleading cues about the system’s
capability — and in turn also their own role. From the user perspective,
this hinders adequate conclusions on a systems capabilities and automation
level. Naujoks et al. (2019) and the Transport Research Laboratory (Stevens
etal.,2002) recommend that HMIs should communicate system functionality
rather than technical terms like SAE levels, avoid abbreviations and foreign
words and instead “speak the language of the users” (Naujoks et al., 2019,
p. 127).

We thus hypothesize that an informative HMI including meaningful system
names and textual reminders of the driver’s current role and responsibilities
will result in higher role-related understanding and safer driving behavior
than a non-informative HMI with system names that are not meaningful
and without textual reminders. The current study serves as a manipulation
check and pretest of two HMI-sets, examining whether they are indeed
perceived as informative versus non-informative by lay users, particularly
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concerning users’ understanding of their role and responsibilities related
to the driving automation systems. We hypothesize that meaningful and
functionally descriptive names will improve role comprehension compared
to conventional, marketing-oriented names.

METHOD

Two sets of HMIs were developed for seven sustained driving automation
systems and manual driving, consisting of instrument cluster displays
and corresponding sounds (cf. Figure 1-4). The HMI sets share the
same system-specific icons and colors. The informative HMI set contains
meaningful system names, providing cues to their respective capabilities
(e.g., “Automated Mode”). In contrast, the names in the non-informative
HMI set are based on existing system names and do not provide such cues
(e.g., “Ultimate Pilot”). Table 1 compares the system names in the two HMI
sets. Furthermore, the informative HMI includes short textual reminders of
users’ role and responsibilities, presented after the activation of each system
(e.g., “You may disengage, remain available for takeover”, cf. Fig. 4 and
Tab. 1). Additionally, in the informative HMI, the Level 3 system’s request
to intervene and the Level 2 system’s hands-on warning are accompanied by
a textual message (“Please drive yourself!”/“Hands on the steering wheel!”).
For tele-operated modes (named “Tele Assistance”/“Guardian Drive”, and
“Tele Driving”/“Remote Drive”), there are no textual reminders because they
would be embedded in a Level 4 driving section.

You may
disengage,

remain
available for
takeover

Automated Mode
activated

Automated Mode Preparing Automated Mode
available Automated Mode activated

Figure 1-4: Exemplary displays of the informative HMI for system availability,
preparation, active system and the responsibility-focused reminder (translated from
German).

Sample

In total, 37 BASt employees who do not work in the automotive engineering
division, and who hold a valid driver’s license, participated the study
(Mage = 36.19, SDgge = 12.63, 18 female, 18 male, 1 other). Their annual
mileage was between 2,000 and 25,000 kilometers, and less than 22%
indicated to frequently use driver assistance systems (i.e. cruise control,
adaptive cruise control, lane keeping assist, corrective lane keeping assist)



Supporting Users’ Understanding of Driving Automation Systems 2103

or a combination of those (ratings of 4 or § on a scale from 1 = never to
5 = frequently). There were no significant differences between the two HMI
8roups (informative = 195 Mnon-informative = 18) concerning the demographic
variables.

Table 1: Overview of the seven sustained driving automation systems and their
respective icon, name in the non-informative HMI (N-HMI), the informative
HMI (I-HMI), the responsibility-focused reminder and the corresponding SAE
automation level.

System “6@0‘

Icon
N-HMI Intelli-  Premium Pilot Ultimate Al Drive Guardian Remote
name gent Cruise  Cruise  Pilot Drive Drive
Cruise
I-HMI  Adap-  Assisted Assisted Auto- Autono- Tele Tele
name tive Mode Mode mated mous Assis- Driving
Cruise hands-  Mode Mode tance
Control off
Reminder Please Please Please You You - -
steer super- supervise may may
and stay vise and and disengage, fully
ready to correct correct remain  disengage
break available from
for traffic
takeover
SAE 1 2 2 3 4 during  during
level Level 4 Level 4

section  section

Note: Informative HMI (I-HMI) system names and responsibility-focused reminders are originally presented in German
language, and only translated into English for this article’s readers. The non-informative HMI (N-HMI) system names
are in “foreign language” from our participants’ point of view. However, in Germany, English names are commonly
used in marketing.

Procedure

The computer-based study was conducted in March 2023. First, participants
provided demographic information and read the BASt user-centered
communication (BASt, 2020). Following a one factorial between-subjects
design, participants were assigned to either the informative or the non-
informative HMI group. They watched short videos of the respective HMIs
depicting the process of availability to active system for the seven different
sustained driving automation systems as well as a takeover-request and
hands-on warning. After each video they answered three single-choice
questions on their corresponding user role, the allocation of the driving
task and their behavioral possibilities. They also answered a multiple-
choice question on which of six activities (e.g., take a nap, watch a
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movie) they are allowed to perform when using the respective system
and rated the perceived certainty of the automation level on a S-point
Likert-scale. Finally, participants ranked the systems by increasing driving
automation level and indicated their overall certainty of their responses on
a S-point Likert-scale. In addition, participants were asked to pretest a
questionnaire on remote operation and specify topics of personal interest
related to automated driving. However, these are outside the scope of this
article.

RESULTS

The two HMI sets do not significantly differ regarding realism (M; = 3.05,
M, = 3.11, £(35) = —0.18, p = .859, d = —0.06) or desirability (M; = 2.63,
M, = 2.33, #35) = 1.04, p = .304, d = 0.35). More than half of
the participants in the informative HMI indicate orienting on the textual
reminders when answering the questions.

Aggregated across all driving automation systems, participants who
received the informative HMI give significantly more correct answers
about their user role (M; = 0.73, M,, = 0.50, #(35) = 3.99, p <.001,
d = 1.32), the allocation of the driving task (M; = 0.68, M, = 0.53,
t(35) = 2.50,p = .017, d = 0.82), their behavioral possibilities (M; = 0.68,
M, = 0.51,#35) =2.70,p = .011, d = 0.89) and indicate higher perceived
certainty of the automation level (M; = 3.65, M,, = 3.17, t(35) = 2.42,
p = .021, d = 0.80). The HMI groups do not differ in the percentage of
correct responses regarding the permissibility of non-driving-related activities
(M; = 0.53, M, — 0.44, #(35) = 1.35, p = .186, d = 0.45). These
results remain consistent when calculating non-parametrical Mann—-Whitney
U tests.

Figure 5 shows the distribution of correct answers for each driving
automation system and mean perceived certainty of automation level by
HMI group. The informative HMI group consistently shows equal or higher
shares of correct answers than the non-informative HMI. The advantage
of the informative HMI seems to be particularly pronounced for the
Level 2 hands-off system. For the Level 4 system, user comprehension is
relatively low in both groups. In the informative HMI group, six of 19
participants put all system names in the correct order, while in the non-
informative HMI group no participant was able to do so. Fisher’s exact test
indicated a statistically significant difference between the groups, p = .020,
¢ = —0.43. The advantage of the informative HMI was also visible in the
ordering of the system icons, which 15 participants completed correctly
whereas only 8 in the non-informative group (y2(1) = 4.68, p = .031,
¢ = —0.36). The take-over request and the hands-on warning were correctly
understood by every participant in the informative HMI group. In the non-
informative HMI group, one person misunderstood the take-over request
and two misunderstood the hands-on warning. There was also no significant
difference between the participants’ response certainty in the two groups (M;
— 3.14, M,, = 3.04, £(35) = 0.38, p = .707, d = 0.13).
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Figure 5: Comparison of the correct answers for (a) user role, (b) allocation of
driving task, (c) behavioral possibilities, (d) non-driving-related activities and (e) mean
certainty of automation level between the two HMI groups (informative n = 19,
non-informative n = 18), ***p <.001, **p <.01,*p <.05.

DISCUSSION

The current study serves as a manipulation check and examines if the two
sets of HMIs are indeed informative versus non-informative for non-experts,
specifically in terms of understanding of their own role and responsibilities
when interacting with different sustained driving automation systems. The
informative HMI included meaningful system names and responsibility-
focused textual reminders, whereas system names in the non-informative
HMI provided no cues on system capability and included no textual
reminders. The results are in line with the notion that the informative
HMI enhances participants’ understanding of their roles and responsibilities
when different driving automation systems are active. Aggregated across
all systems, the informative HMI group shows more correct answers to
the user role, allocation of the driving task and behavioral possibilities,
and reports a higher perceived certainty of the systems’ driving automation
level. The advantages of the informative HMI on user understanding are
particularly pronounced for the Level 2 hands-off system. The reason for
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this finding could be that it is counterintuitive for laypeople to take their
hands off the steering wheel and still be responsible for driving. As drivers
do not need to keep their hands on the steering wheel, they might assume
that the system performs the entire driving task reliably. However, the
advantage of the informative HMI does not show for every single driving
automation system. Potentially, some of the role-focused textual reminder
were not formulated clearly enough to be easily understood by participants.
Furthermore, participants in the informative HMI group were significantly
better at correctly sorting the system names by automation level than
participants in the non-informative group. In fact, no participant in the non-
informative HMI group was able to correctly sort the systems by automation
level. Interestingly, there is still an advantage of the informative HMI even
when ordering the system icons which are identical in both HMI sets.

An explanation could be that the better understanding of their own user
role and responsibilities helped the participants to better understand the
meaning of the icons. Similar to Tinga et al. (2022) our findings suggest that
HMI design can support users’ understanding of their role in interactions
with driving automation systems. Findings by Tinga et al. (2022) indicate
that communicating driving automation reliability via emoticons improves
usability and understandability compared to activity-based role depiction.
Tinga et al. (2022) conclude that the HMI should nudge drivers what (not)
to do when a certain system is active, without communicating it too directly
(Tinga et al., 2023). The responsibility-focused reminders used in the current
study, however, represent a more abstract form of guidance that encompass
both the system’s capabilities and the required driver behaviour. This more
holistic approach may support deeper role comprehension, particularly
across different levels of automation, compared to an activity-based role
depiction.

Future Research

Future research could examine further leverage points to promote role-
compliant behavior. For example, the timing of the role-based reminder could
be varied or could be presented adaptively when detecting role-inadequate
behavior. Previous findings also suggest that verbal reminders could be
preferred over written ones (Naujoks et al., 2016) and the perception of
textual reminders could be directly compared with graphical depictions (cf.
Tinga et al., 2022). Additionally, as research on HMIs communicating driving
automation systems’ reliability indicates a benefit of providing continuous
information (van den Beukel et al., 2016; Yang et al., 2018), role-focused
reminders could be compared with continuously presented role-focused
information. In addition, future research could examine whether the need
for role-focused information varies with experience, especially as findings
regarding whether driver information needs differ based on the amount
of experience are inconsistent (Diels & Thompson, 2018; Feierle et al.,
2020) and at the same time research shows intraindividual differences in the
preference for HMI design (e.g., Tinga et al., 2022).
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CONCLUSION

Overall, our findings suggest that meaningful system names and textual
reminders in combination can support users’ role understanding, highlighting
the importance of HMI design in fostering safe interaction with different
driving automation systems. In a next on-road driving study, the HMI sets
pretested here are applied to examine the assessment of mode awareness
when different sustained driving automation systems are used.
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