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Abstract

In recent years, vehicles have become increasingly intelligent and context aware. Studies in the passenger car and digital
sectors show that systems which adapt to different situations and users can improve usability and safety. To identify
the potential of adaptive human-machine interfaces (HMI) in the truck sector, this work presents three exploratory focus
groups conducted with truck drivers and industry experts, involving a total of N=19 participants. Using qualitative content
analysis, problem areas were identified to be addressed through adaptive functions. These problems included individual
driver needs as well as complex menu structures and challenges in navigation and logistics. The proposed solutions, such as
personalization, will be examined in more detail in further research. Furthermore, the study revealed challenges associated
with the implementation of adaptive interfaces in trucks, particularly patronization through technology.

Practical Relevance: Existing adaptive solutions predominantly concern passenger car and digital domains and fail to take
into account the particular requirements of the commercial vehicle sector. A commercial vehicle is a complex workplace,
where drivers often operate under time pressure. Therefore, these insights provide a foundation for the user-centered design
of future adaptive display and control concepts in the commercial vehicle domain.
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Potenziale und Herausforderungen adaptiver Mensch-Maschine-Schnittstellen im Lkw: Ergebnisse
von Fokusgruppen mit Berufskraftfahrer/-innen und Expert/-innen

Zusammenfassung

In den letzten Jahren werden Fahrzeuge stetig intelligenter. Studien im Pkw- und Digitalbereich zeigen, dass Systeme,
die sich an verschiedene Situationen und Nutzende anpassen, Bedienbarkeit und Sicherheit verbessern konnen. Um das
Potenzial solcher adaptiven Mensch-Maschine-Schnittstellen (engl. human-machine interfaces, HMI) auch im Bereich
Lkw zu identifizieren, wurden in der vorliegenden Studie drei explorative Fokusgruppen mit Lkw-Fahrer:innen und Bran-
chenexpert:innen durchgefiihrt (N=19). Mittels qualitativer Inhaltsanalyse konnten Problemfelder festgestellt werden, die
durch adaptive HMI adressiert werden sollen. Darunter fallen individuelle Bediirfnisse der Fahrenden sowie komplexe
Mentiistrukturen und Schwierigkeiten im Bereich Navigation und Logistik. Die erarbeiteten Losungsvorschléige, beispiels-
weise Personalisierung, sollen in weiterfithrender Forschung betrachtet werden. Weiterhin konnten Herausforderungen
abgeleitet werden, die adaptive HMI im Lkw mit sich bringen, insbesondere das Gefiihl von Bevormundung.

Praktische Relevanz: Bisherige Ansitze fiir adaptive Losungen stammen tiberwiegend aus dem Pkw- und Digitalbereich
und bilden die spezifischen Anforderungen im Nutzfahrzeugbereich nicht ab. Ein Nutzfahrzeug stellt einen komplexen
Arbeitsplatz dar und hiufig arbeiten Berufskraftfahrer-/innen unter Zeitdruck. Somit dienen die gewonnenen Erkenntnisse

als Grundlage fiir die Gestaltung zukiinftiger adaptiver Anzeige- und Bedienkonzepte im Nutzfahrzeugbereich.

Schliisselworter Adaptiv - Mensch-Maschine-Schnittstelle - Lkw - Berufskraftfahrer/-innen

1 Introduction

Commercial freight transport represents a key component
of the transportation sector and is likely to maintain this
role in the future (Hoepke and Breuer 2010). Heavy goods
vehicles account for over 70% of the total freight trans-
port performance in Germany, showing a continuous up-
ward trend since 2004 (Federal Office for Logistics and
Mobility 2025). The significant market share of trucks is
attributable to the temporal flexibility, the ability to reach
remote locations directly, and point-to-point transport with-
out the need for transshipment (Statista 2025). Thereby,
truck drivers operate within a complex environment (de
Winter et al. 2024). The functional spectrum of a truck is
much broader than in a passenger car, and experts predict
a further increase in system functionalities (Hilgers 2021).
This results in ergonomic challenges: The relocation of con-
trol elements to areas that are difficult to reach (Scholkopf
2023), more frequent and prolonged glances away from the
road, and a missing understanding of in-vehicle informa-
tion technologies (Lohre et al. 2014). These factors should
be avoided in light of driver distraction (Bubb et al. 2015).
Hence, innovative interaction concepts are needed in or-
der to increase safety as well as driver comfort (Meixner
et al. 2017). Adaptive systems offer new possibilities in
this context (Scholkopf 2023; Hartmann 2009). An adap-
tive vehicle system is defined as an “interactive system
within a vehicle that can proactively change its behavior
and/or content triggered by certain events without interven-
tion from the user” (International Organization for Stan-
dardization 2025). Rapid progress in the area of artificial
intelligence (AI) has enabled improvements in intelligent

adaptive systems. These can adapt to user data, environ-
mental data, and system data, such as vehicle states in an
automotive context (Graefe et al. 2022). In the digital and
passenger car sectors the use of such adaptive systems has
already been examined and implemented. In this context,
Thompson et al. (2004) showed that adaptive navigation
suggestions decreased interaction time. Similar results were
obtained by Kohler (2019), comparing a driver state adap-
tive information concept in a passenger car to a non-adap-
tive concept. Furthermore, the ability of adaptive intelligent
systems to learn and model user preferences enables them
to respond more effectively to user needs. This can signifi-
cantly enhance user experience compared to less intelligent
systems (Rittger et al. 2022). The results by Kohler (2019)
support this argument, indicating that the adaptive system
received more favorable subjective evaluations than its non-
adaptive counterpart. Similarly, Kiefer et al. (2017) demon-
strated that adaptive map visualization, simulating intention
recognition via graphical changes, improved user satisfac-
tion. Additionally, positive effects of adaptivity on safety-
related outcomes were found, including reduced distraction
(Hajek et al. 2013; Kohler 2019) and improved driving be-
havior (Reinmiiller 2019). Motivated by promising research
outcomes, several adaptive features have recently been in-
troduced in the automotive market. For instance, the Mer-
cedes-Benz UX multimedia system is claimed to adapt to
individual driver needs and give tailored suggestions, such
as displaying a phone number that is routinely called at
a certain time (Mercedes-Benz Group 2025). To summa-
rize, adaptive interfaces can enhance safety, usability, and
user satisfaction and are increasingly implemented in the
passenger car and digital domain.
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However, a research gap exists regarding adaptive HMI
solutions in trucks (Scholkopf 2023). Findings from digital
and passenger car domains cannot be directly transferred,
as truck cabins represent highly complex work environ-
ments (Scholkopf 2023). Drivers frequently operate under
tight schedules and bear significant responsibility, such as
handling heavy vehicles and hazardous goods. Physical cir-
cumstances, including the air-sprung suspension seat and
reachability, further influence interaction with the HMI. In
addition, truck drivers exhibit a distinct demographic pro-
file, such as a higher average age compared to the overall
working population (Federal Statistical Office of Germany
2022) and a male-dominated gender distribution (Statista
2025). These aspects underscore the necessity of truck-
specific approaches to adaptive strategies. Nevertheless, re-
search on adaptivity in trucks remains limited. Seitz (2013)
evaluated a concept that suppressed notifications during
complex driving situations. While drivers expressed pos-
itive attitudes, no significant workload reduction was ob-
served. Scholkopf (2023) proposed an approach where the
functional range displayed in the HMI adapts to the current
work phase, resulting in higher hedonic quality and lower
error rates than a comparable static version. These studies
have focused on situational adaptivity. The broader applica-
bility of adaptivity in truck environments has not yet been
addressed and deployment challenges have received little
attention from a truck-centered perspective. To realize the
potential of adaptivity in commercial vehicles, additional
application areas should be identified. This requires a sys-
tematic analysis of truck drivers’ daily work challenges. At
the same time, it is essential to critically examine the chal-
lenges and risks that may arise when integrating adaptive
interfaces into truck environments. Hence, we conducted
three semi-structured focus groups to address the following
exploratory research questions (RQ):

RQ1: Which challenges do truck drivers encounter in their
work routines?

RQ2: Which adaptive human-machine interface solutions
are suitable for addressing these challenges?

Table 1 Participant demographics of the focus groups
Tab.1 Demographische Zusammensetzung der Fokusgruppen

RQ3: Which concerns need to be considered when integrat-
ing adaptive HMI concepts into truck environments?

2 Methodology
2.1 Participants

To examine the research questions from multiple perspec-
tives, three diverse stakeholder groups were identified and
included in the study: Professional truck drivers as well as
industry experts specializing in Human-Machine Interfaces,
particularly for trucks, and Human Factors (see Table 1 for
demographic data). In accordance with the recommended
focus group size of four to eight participants (Krueger and
Casey 2014), the study comprised a total of N=19 par-
ticipants. Recruitment of participants was carried out via
email.

2.2 Procedure

Focus groups enable participants to expand their own
thoughts through mutual exchange (Beyea and Nicoll
2000). Therefore, this method is particularly well-suited for
generating ideas (Schulz 2012). Accordingly, the method
was chosen to gain multifaceted insights into the ex-
ploratory research questions introduced above. The focus
groups were conducted based on the methods of Krueger
and Casey (2014) and were approved beforehand by the
independent ethical committee for non-medical research at
the Technical University of Munich (reference no. 2024-
112-NM-BA, October 17, 2024). To ensure a consistent
and target-oriented conversation, the moderation team used
a semi-structured interview guideline as described in the
following. Providing a predefined structure and set of ques-
tions, the guideline ensured that all relevant aspects would
be addressed and comparable. The sequence of questions
was flexible and could be adjusted according to the flow
of the discussion. Additional questions were posed if new
insights emerged. The guideline also included instructions
for moderation, such as encouraging participants to share
their perspectives, or referring to visual aids when needed.
This approach enabled consistent coverage of topics while

Professional truck drivers HMI/truck experts Human factors experts

n 7 7 5

Expertise Heavy-duty driving (short- and long- HMI development for Human factors (mobility, human-AlI interac-
haul) trucks tion)

Experience [years] M=225 M=83 M=42

Age [years] M=46.6 M=36.4 M=30

Gender 7 male 1 female, 6 male 3 female, 2 male
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preserving the exploratory and interactive quality of focus
groups. Each of the three focus groups was scheduled for
120 min. Participants were welcomed and provided with
an overview of the data collection procedure. This was
followed by the reading and acceptance of the informed
consent. Next, a round of introductions was conducted.
For those groups without prior knowledge of commercial
vehicles, a brief introduction to the topic was provided.
The first block of questions focused on the challenges of
truck drivers during their daily work, with an emphasis on
the HMI. This set of questions was discussed extensively
with the professional drivers and briefly with the experts.
Subsequently, an introduction to the topic of adaptive sys-
tems followed to ensure a consistent knowledge base. The
second block of questions aimed for the discussion of po-
tential use cases for adaptivity. This was explored in more
depth with the two expert groups. The preferred use cases
were identified for each group, respectively, using a dot
voting method. The third set of questions covered con-
cerns regarding the implementation of the adaptive systems
discussed.

2.3 Data analysis

The focus groups were recorded using the software Audac-
ity (Muse Group & Contributors 2025) and transcribed us-
ing Condens (Condens GmbH 2025), following the guide-
lines of Riddiker and Kuckartz (2019). These recommen-
dations included, for instance, for the transcription to be
completed in literal rather than in summarized form. A qual-
itative content analysis approach with deductively derived
main categories and inductively developed subcategories
was employed (Mayring and Fenzl 2019). To begin with,
the coders deductively defined overarching themes based
on the interview structure and research questions. The fol-
lowing deductive categories were considered: Challenges
in truck drivers’ work routines (RQ1), potential for adap-
tive HMI solutions to address these challenges (RQ2), and
concerns regarding the integration of adaptive functions in
trucks (RQ3).

Considering RQ1 and RQ3, the material was then sys-
tematically categorized within the thematic areas using in-
ductive category formation (Mayring and Fenzl 2019) as
mentioned above. Coding was conducted on the level of
meaning units using the software MAXQDA (VERBI Soft-
ware GmbH 2025). All material was independently double-
coded by two researchers. The category system was itera-
tively developed and refined during the coding process and
documented in a codebook within the software. After in-
dependent coding, coder agreement was reviewed and di-
vergent coding was resolved through consensus-based dis-
cussion following the procedure proposed by Réadiker and
Kuckartz (2019). Coding and category development contin-

ued until no substantially new categories emerged. For the
quantitative indication of category presence, mentions were
counted per coded meaning unit, i.e., per utterance. Moder-
ators’ contributions were excluded from this counting. The
resulting frequencies are therefore interpreted as an indica-
tor of the salience of a topic within the group discourse and
not as a measure of its objective importance.

As the statements regarding potential adaptive HMI so-
lutions (RQ2) were evaluated using a dot voting system
during the focus groups (as described above), the evalu-
ation consisted of a quantification by the number of dots
for each suggestion. These quantitative results were subse-
quently complemented by qualitative statements from the
discussions, allowing for a deeper understanding of the re-
spective functionalities.

3 Results
3.1 Challenges in truck drivers’ work routines

As described above, the first set of questions concerned
truck drivers’ challenges in their daily work routines. Seven
categories resulted from the content analysis. These will
be elaborated in detail below, along with their respective
subcategories, presented in ascending order of mention fre-
quency. Since the respective research question targeted pro-
fessional drivers’ work experience, the identified challenges
are mainly grounded in drivers’ accounts. Statements from
the expert groups are used to complement these perspectives
rather than to represent an equally weighted multi-stake-
holder synthesis. Statements of participants were translated
from German.

1. Cabin design (n=8; n refers to the cumulated frequency
of mentions across all subcategories within the respective
category)

The first category refers to the design of the driver’s cab
and is based on the accounts of professional drivers. The
unfavorable positioning of control elements was mentioned
in this context. For instance, infotainment elements such as
radio control were reported as being out of reach. Further-
more, the poor readability of displays and inadequate light-
ing was criticized.

2. Complex driving situations (n=9)

The category of complex driving situations was intro-
duced by the expert groups. Traffic dense road segments,
such as rest areas, construction sites, merging situations, or
city traffic were described as difficult to navigate:

@ Springer
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o “When you're driving your truck in rush-hour traf-
fic, you already have to pay attention to so many
things at once that [...] it’s easy to become over-
whelmed by the situation” (P6, truck/HMI expert).

® “You’ve got cyclists, you've got pedestrians, and
then there are just so many external factors on top
of that — plus you’re handling a very large vehicle.
You have a very limited field of view because the ve-
hicle is so long, you've got blind spots, and so on”
(P4, human factors expert).

3. Psychological stress (n=20)

In the context of psychological stress, the feeling of
surveillance and patronization was mentioned with the
highest frequency, mainly by the professional drivers. This
concerns the patronization through assistance systems as
well as the surveillance by employers. For instance, drivers
are under the impression that digital systems monitor their
driving performance. These doubts are illustrated by the
following statements of participants:

o “These days, a truck driver is mostly just expected
to sit there and steer. I know a large freight com-
pany which closely monitors how often the driver
brakes, how hard the driver brakes, and so on” (P2,
professional truck driver).

® “One shouldn’t impose too many restrictions on
me” (P3, professional truck driver).

In contrast, the issues of boredom, monotony, and lone-
liness were touched upon predominantly by the expert
groups. They argued that for instance during a long traf-
fic jam or a highway drive, the driving task will become
monotonous.

4. Dissatisfaction with assistance and warning systems
(n=31)

Dissatisfaction with assistance and warning systems
emerged as a dominant theme from the experts’ per-
spective. Several interrelated factors contributed to this
perception. First, the experts assumed drivers exhibit an
aversion to technology, rooted in greater confidence in
their own driving skills. Furthermore, they expected drivers
to be annoyed by warnings, such as frequent alerts, and
to regard them as redundant or unnecessary. A lack of
transparency regarding system behavior, for instance con-
cerning fatigue detection, was mentioned by the expert
groups. In addition, they presumed a discrepancy between
regulatory restrictions and practical working routines, such
as inflexible driving time regulations. The drivers focused
on the limited configurability of assistance functions being

@ Springer

a shortcoming, for instance regarding the ability to modify
warning thresholds.

5. System errors and failures (n=33)

Reports of system errors and failures were shared by
both drivers and experts. This entails malfunctions of dis-
play and control units, faulty lane detection by driver assis-
tance systems, and false activations of assistance systems.
Furthermore, faulty voice recognition, reception problems
with radio transmitters and the failure of electronic mirrors
were stated.

6. Issues related to route planning, infrastructure, and lo-
gistics (n=33)

Furthermore, route planning, infrastructure, and logistics
represent a domain with several challenges being identified.
Diverse operational purposes of trucks demand a specific
functional spectrum for each area of use, as mentioned by
drivers and experts. Hence, in certain scenarios a range of
functions, which are not needed, might be displayed:

e “Every truck is needed for different purposes. For
example, one standard tractor unit might drive
long-haul routes across Europe, while another, also
a standard tractor unit, operates in factory trans-
port, maybe mostly in urban areas. That means the
driver will need different functions, and ideally,
the system should adapt so that the functions used
most frequently can be operated with minimal in-
teraction steps compared to those that are rarely
needed [...] And those were just two examples of a
standard tractor unit. We also have off-road trac-
tion vehicles [...] So, a huge range of applications,
and depending on the use case, different functions
in the vehicle will be important for the user” (P7,
truck/HMI expert).

® “You can’t lump everyone together [...] because at
some point, you'll just end up with a flashing christ-
mas tree on the dashboard” (P2, professional truck
driver).

Similarly, frequent vehicle and driver changes compli-
cate persistence of settings. In addition, problems with inte-
grated navigation systems prevail. The professional drivers
reported that truck-specific restrictions often lead to imprac-
tical routing decisions, such as detours that significantly dis-
rupt the time schedule. Additionally, the absence of detailed
topographical information was perceived as a limitation.
Another concern was the lack of real-time traffic informa-
tion, which impedes efficient rerouting. Furthermore, the
absence of regular map data updates compromises reliabil-
ity. Due to these difficulties, many drivers resort to using
a combination of the integrated navigation system and an
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additional third-party navigation solution. However, this ap-
proach introduces further complications, such as the need
to operate a secondary device and the absence of vehicle
dimensions in third-party systems:

“Sometimes I use the map data from my iPhone. You
do have to pay more attention because the built-in
navigation system includes the vehicle dimensions,
which you can’t enter in the phone’s navigation app”
(P2, professional truck driver).

Additional concerns include erroneous traffic information
via radio and fuel card acceptance. Each driver uses differ-
ent fuel cards, which are not universally accepted, restrict-
ing flexibility in route planning.

7. High operational complexity of the HMI (n=153)

The complexity of the HMI operation evinced the high-
est mention frequency and was predominantly described by
professional drivers. Figure 1 indicates the mentions across
all subcategories within this category. Most statements by
truck drivers referred to nested digital menu structures.
Long interaction sequences within submenus were critically
discussed:

“They now cram all the controls — radio, climate, ev-
erything — into one display. So, you sit there when
you want to start driving and it’s swipe, swipe, swipe,
where is it? Ah, there it is! [...] You're just searching
all the time” (P2, professional truck driver).

The functions in question range from comfort and entertain-
ment features to settings for driver assistance systems and
hydraulics. Both drivers and experts assumed that functions
are not only difficult to find but, in some cases, entirely un-
familiar to users. Additional aspects included problems with

touch operation, a broad range of functions, and the percep-
tion that advanced technical skills are required to operate
the systems. One participant described that “you almost be-
come a systems engineer who [...] can configure the vehicle
[...] through these systems” (P1, professional truck driver).

Furthermore, the lack of menu customization options
was criticized. For instance, according to P2 (professional
truck driver) it is a “problem [that] you can’t customize the
menu. You can’t say, okay, I move the system settings all the
way to the back. I want radio first and then air conditioning
[...]”. Finally, the distraction caused by HMI operation was
highlighted. The following discussion between two profes-
sional drivers underlines this problem, whereby it is closely
related to the nested menus and the touch operation men-
tioned above:

o P5 (professional truck driver): “Especially for the older
generation — young people grow up with it, so I don’t
see it as that much of a problem — but for the older gen-
eration it’s a disaster —"

o P4 (professional truck driver): “Although, of course, even
with younger people, there is the factor of distraction.”

o PS5 (professional truck driver): “The factor of distraction
is always there.”

3.2 Potential adaptive HMI solutions

The second set of questions covered the potential of adap-
tive HMI solutions addressing the discussed challenges. The
ideas were accumulated and subsequently rated using a dot
voting method, as mentioned in chapter 2. Figure 2 shows
the suggestions for adaptive solutions in commercial vehi-
cles including the score derived from the voting process for
each group. These will be outlined in the following chap-

High operational complexity of the HMI

Distraction due to HMI operation

High technical understanding required -
Lack of menu configuration options
Problems with touch operation

Range of functions

Lack of knowledge about functions

Nested digital menu instead of haptic elements |

B Truck/ HMI experts
. Professional truck drivers
|:| Human factors experts

10 15 20
Mention frequency

Fig. 1 Mention frequencies of the subcategories in the category “High operational complexity of the HMI”

Abb.1 Nennungshiufigkeiten der Subkategorien in der Kategorie ,,Komplexitiit in der HMI-Bedienung
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ter, presented in ascending order of cumulative preference
frequency according to the dot voting, referred to as n.

First, adaptive external camera activation was mentioned
(n=1). P3 (truck/HMI expert) assumed that certain usage
patterns regarding camera views exist. They suggested that
drivers have “preferences, like in certain situations, they
want specific cameras to pop up. If this can be detected,
[...] these cameras can be shown in the respective situations
without users having to manually select them.” According
to the truck expert, an example is drivers using the back-
wards camera on the highway “in certain situations, such
as a high traffic density. If this is learned, this can be set for
this specific driver” (P3, truck/HMI expert).

Furthermore, user-adaptive behavioral suggestions were
suggested by the experts (n=1). This could include well-
being functions, such as relaxation or breathing exercises
during breaks, when tiredness or stress is detected.

An additional proposal by the truck/HMI experts was
a location-adaptive assistant (n=2). As truck drivers often
operate internationally, the assistant should be capable of
showing and using information about specific destination
countries, such as load handling, custom duties, or road toll.
This should ideally lead to “inexperienced drivers [being
able to] make it to their destination without causing extra
costs that might come up in other countries under certain
conditions” (P1, truck/HMI expert).

Besides, adapting to the knowledge level of drivers was
discussed (n=3). The HMI concept could offer an expert
and an inexperienced mode, with the expert mode show-
ing more complex functions. Moreover, explanations could
be offered in the inexperienced mode. As suggested by P1
(truck/HMI expert), the vehicle should detect if a driver card
is connected for the first time and in this case “functional-
ities on the display are described with an icon and a textual
description. [...] When it’s clear that this vehicle is operated
every day with this driver card, then at some point the text
disappears.”

Other concepts mentioned by the expert groups included
situational complexity reduction of the HMI in situations
provoking high workload (n=3). According to the expert
groups, less functions should be displayed in these situa-
tions.

Further ideas included tailoring the range of available
functions to the specific truck type (n=4). Depending on
the area of application, functions such as fatigue detection
or certain driver assistance systems should be displayed or
hidden.

The truck/HMI expert group advocated for adaptive
warnings (n=4). P6 (truck/HMI expert) referred to drivers’
“feedback that there are too many warnings, the vehicle
makes warning sounds continuously”. This could be im-
proved by warnings that are displayed when urgent and

Suggestions for adaptive features

Adaptive camera activation

Behavioral suggestions

Location-adaptive assistant

Adaptive expert mode of the menu

Situational complexity reduction

Adaptation of available functions to truck type

Adaptive warnings

,“]ur

. Truck / HMI experts
. Professional truck drivers
|:| Human factors experts

Intelligent assistant 4

User-adaptive application tips 1 5

Assignable favorite buttons

Navigation with adaptive route adjustments

User-adaptive personalization of settings

Number of dot votes

Fig.2 Suggestions for adaptivity in commercial vehicles and frequency of expressed preferences per group

Abb. 2 Vorschlige fiir Adaptivitit im Nutzfahrzeug und Hiufigkeit geduferter Priferenzen pro Gruppe
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suppressed when not urgent. For instance, a warning that
the “driving period ends within 30 min should not be dis-
played if the navigation destination will be reached within
15min”. The goal should be to “develop systems that pre-
dict whether a warning is relevant or not” (P6, truck/HMI
expert). This was confirmed by drivers.

Furthermore, an intelligent assistant based on large lan-
guage models (LLM), potentially realized as an avatar, was
suggested by the human factors experts (n=4). This assis-
tant could be a conversation partner for entertainment or
to counteract “loneliness [...], maybe even sleepiness” (P4,
human factors expert). Furthermore, it could act as a guide
and give information about the surroundings and landmarks.
The experts emphasized that avatars are a major trend in the
automotive sector at the moment.

Experts additionally proposed user-adaptive application
tips (n=15). This idea aims to propose functions that are
rarely or never used by the respective user. The human fac-
tors experts assumed that this could work well “especially
for trucks, [..] because there are so many different func-
tions” (P1, human factors expert). They recommend giv-
ing “simple tooltips like: ‘Do you know this [function]?’”
(P1, human factors expert). This concept should also an-
alyze “users’ routines to identify what is not effective, and
then suggest how they could improve it” (P1, human fac-
tors expert). This could for instance apply to suggesting
assistance systems such as trailer maneuvering assistance
or automated parking spot search.

Among truck drivers, in contrast to the expert sug-
gestions, there was a demand for assignable, tactile push
buttons (n=6). These should be customizable as favorites
through linkage with the driver card. This could apply for
example to preferred radio channels or lighting settings:

® “Having a certain number of customizable buttons
where I can assign my preferred functions to a
physical switch would be great” (P1, professional
truck driver).

® “For example, lighting or similar settings, [...] you
take half an hour once to set everything up, and
then it’s done. And maybe, if possible, transferable.
Because I work at a company that has ten trucks
of the same type, and I drive wherever needed. It
would be great if I could just plug something in and
all ten trucks know my preferred settings. [...] I'd
find that practical” (PS5, professional truck driver).

Adaptive navigation with route adjustments based on bat-
tery or fuel level, personal routines, driving times, and real-
time traffic information received approval from both driver
and expert groups (n=38).

The highest dot voting number was achieved by smart
user-adaptive function access, mentioned by both experts

and drivers (n=10). This could range from rule-based adap-
tive behavior to self-learning systems adapting to user pref-
erences. P5 (professional truck driver) argues it would be
useful for the vehicle system to adapt to routines con-
cerning, e.g., climate control operation. The system should
“store such preferences, for example if someone does some-
thing about 80% of the time, it could automatically adjust to
my needs, the way I usually handle things” (PS5, professional
truck driver). This could also apply to other functions, such
as “making a shortcut to one’s favorite playlist or shortcuts
to navigation routes, if [they] always take the same route
and add the navigation system for traffic information” (P1,
human factors expert).

3.3 Concerns regarding the integration of adaptive
HMIs in trucks

The last block of questions referred to concerns of drivers
and experts regarding the discussed adaptive HMI solu-
tions for commercial vehicles. Four main categories were
derived. These are outlined in the following. They are pre-
sented in ascending order of mention frequency.

1. Economic challenges (n=4)

Mainly the expert groups emphasized economic aspects,
such as the cost-benefit relation. They clarified that this
might be industry-specific for the truck sector: Innovations
must be profitable, as the sector is not a luxury segment
as it might be the case for several brands in the automo-
tive sector. Furthermore, they pointed out the risk of image
problems in the case of malfunctioning adaptive systems,
whereby this topic is intertwined with legal issues:

“I could also imagine that it could easily tip in the
other direction. As we said, if something is interpreted
incorrectly, it could quickly become a reputational risk
for [the respective truck brand]. A driver arrives late
to a customer or even causes an accident and then
it’s no longer ‘my fault’, but ‘[the brand] messed up’.
[...] One really must ask where the boundary lies” (P1,
truck/HMI expert).

2. Technical challenges (n="26)

Technical challenges were identified as a critical aspect,
with system reliability being a major concern. The experts
emphasized the necessity of evaluating which adaptations
could pose safety risks in case of system errors. For in-
stance, P3 (truck/HMI expert) suggested that “on the one
hand, it could make sense for driver assistance functions to
adapt to the context, such as road type or traffic situation.
On the other hand, this might be critical, since it is some-
thing safety relevant”. Another key issue is the lack of in-
teraction data for training personalized systems in trucks.
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P1 (human factors expert) argues that it is easier to per-
sonalize certain content sharing platforms, as users interact
continuously with the content, enabling the inference of in-
teraction patterns. In contrast, the proportion of interactions
with an infotainment system was argued to be compara-
tively small. Consequently, these patterns are significantly
harder to learn. P4 (human factors expert) adds that frequent
vehicle changes, as mentioned in chapter 3.1, further com-
plicate this process. Furthermore, the complexity of han-
dling large quantities of heterogeneous data was viewed
critically. P3 (human factors expert) states that the diffi-
culty lies in leveraging these data meaningfully, while P5
(truck/HMI expert) notes that the background processes re-
quired should not be underestimated, particularly the fusion
of multiple input sources, such as sensor data.

3. Legal and ethical challenges (n=27)

The implementation of data-driven technologies in com-
mercial vehicles introduces legal and ethical challenges.
A central issue is data protection and driver privacy, partic-
ularly in a context where performance-related data might
be collected and analyzed. The monitoring of work perfor-
mance raises ethical concerns regarding surveillance, creat-
ing unease among professional drivers. They expressed the
preference for local data processing, which reflects con-
cerns about minimizing external data transfers and safe-
guarding sensitive information. Transparency in the data
collection process is closely related. P2 (professional truck
driver) voices the request to receive information, for in-
stance in the user manual, “what data does the vehicle col-
lect from me and what does it do with my data? [...] Maybe
that you somehow get the information about what data is
being collected in the first place and what data is being
forwarded.” Experts raised concerns regarding non-trans-
parent consent mechanisms in the context of algorithmic
training. They argue that users often decline data collection
in similar scenarios when the consequences are unclear, yet
subsequently express frustration when, for instance, per-
sonalization features fail to work as expected. This tension
between data-driven learning and privacy protection like-
wise becomes evident in the following excerpt from the
focus group discussion:

o M2 (moderator): “As long as the data ...”

o P2 (professional truck driver): “... stays in the vehicle.”

o P1 (professional truck driver): “Yes, but that’s exactly
the point. [...] Al should develop. That means, you need
a learning process, this means learning through informa-
tion, that I [give] as a human in the vehicle.”

4. Human factors challenges (n=47)
The integration of adaptive HMI solutions introduces

several human factors challenges. One concern among ex-
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perts and drivers was the loss of skills and vigilance, if an
intelligent adaptive system takes over critical tasks:

® “That could also be a problem if someone has a
vehicle that’s fully adaptive and does everything for
them. That works fine, until something fails or they
have to switch to a vehicle that doesn’t have those
features. Then we run into issues. Basically, drivers
might become more dependent on the vehicle than
they’d like” (P7, truck/HMI expert).

o ‘I think if we start adding systems that range from
a high level of self-responsible driving to ‘now I let
the vehicle take over,’ [... ] the mental demand keeps
getting lower, which means you could imagine that
fatigue might become an issue. I read something
about that before. So basically, drivers need more
ways to stay mentally engaged and really alert”
(P1, professional truck driver).

Another challenge lies in the learnability of adaptive
HMIs, since they are inherently inconsistent. According to
the expert groups, users often show a preference for famil-
iar HMIs and might struggle with changing interfaces. This
in turn can cause distraction, especially when the behav-
ior is unpredictable. One aspect was strongly emphasized
in every group: Ensuring a high level of controllability to
maintain the user’s sense of agency. The experts under-
line that it “is important to give users control” (P1, human
factors expert) and that “one definitely has to prevent the
driver from feeling patronized or reprimanded, no matter
how the message is delivered” (P4, truck/HMI expert). The
experts assume that otherwise users get frustrated, annoyed,
or feel helpless. Claims of the professional drivers con-
firmed this. P3 (professional truck driver) states that drivers
have to think for themselves, and that “you can’t take ev-
erything away from the truck driver. I feel like I'm being
patronized.” Furthermore, transparency can be identified as
a key issue. Particularly regarding Al-based systems, pro-
cesses should be understandable to build trust in the system.
This is closely related to what experts described as a low
tolerance for errors in technical systems, which can quickly
decrease confidence in intelligent systems. In addition, in-
dividual preferences regarding adaptivity were mentioned
as a central point by drivers and experts. P4 (truck/HMI ex-
pert) points out that “you have to find some kind of balance
[...] and that balance is probably different for every user.
Everyone has their own sweet spot.” P3 (human factors ex-
pert) expounds that this range is most likely even broader
in a professional context, such as commercial freight trans-
port.
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4 Discussion
4.1 Adaptive HMI solutions for future trucks

The present focus group study was conducted to identify
key challenges in truck drivers’ daily work that could be
addressed through adaptive features, since research in this
domain is limited. Our exploratory study revealed multiple
challenges in the daily work routines of truck drivers. The
following section discusses these challenges in relation to
potential solutions, drawing on relevant literature.

First, drivers reported unfavorable positioning of control
elements and poor readability of displays in the context
of cabin design. This could be compounded by the high
number of functions present in trucks (Scholkopf 2023), as
outlined in chapter 1. Potential solutions are tailoring the
HMI to the truck type or, for more precise adaptivity, to the
specific user. Consequently, fewer functions would need
to occupy the top levels of the digital menu. This would
allow for functions that were previously removed into less
accessible positions to be reintegrated into the menu.

Furthermore, complex driving situations, such as con-
struction sites or urban traffic were highlighted by the ex-
pert groups. This aligns with research giving evidence that
accidents with trucks are more fatal in urban scenarios
(Khorashadi et al. 2005) and could potentially be miti-
gated through adaptive complexity reduction as suggested.
Adaptive information management in trucks has already
been identified as a promising approach (Seitz 2013) and
warrants further development and empirical investigation.
However, these challenges were discussed by the expert
groups but were not brought up by the drivers themselves.
This points to a difference between attributed task demands
and drivers’ actual perceived challenges, emphasizing the
importance of end user involvement throughout the devel-
opment process of intelligent systems.

Psychological aspects, such as monotony and loneliness,
were mentioned as problems by the expert groups, as well.
These have been documented in numerous studies, among
other stress factors such as tight schedules (Lemke et al.
2020; Williams et al. 2017). One idea proposed by experts
was to mitigate some of these aspects through an intelli-
gent conversational assistant. However, it is questionable
whether such a structural problem can be solved through
HMI concepts.

Primarily experts mentioned potential dissatisfaction
with assistance and warning systems, such as annoyance
caused by frequent alerts. In contrast, the aspect accentu-
ated by drivers was the limited configurability of assistance
functions. This is another example for the divergence of ex-
perts’ and professional drivers’ assessments and illustrates
the importance of involving truck drivers into the analysis
and design phases of adaptive system development. The

issue of limited configurability could be counteracted by
the solution that received the highest preference rating,
namely user-adaptive settings.

Moreover, system errors and failures were mentioned
as stress factors, for which adaptive warnings could rep-
resent a potential solution strategy. However, such issues
should primarily be mitigated by improved system relia-
bility, rather than by relying on adaptive mechanisms as
compensatory measures.

Issues related to route planning, infrastructure, and lo-
gistics emerged as central topics. In this context, the di-
verse operational purposes of trucks must be considered.
Therefore, adapting the available feature set to the specific
truck type was suggested as a way to address the diver-
sity of trucks. Research in the agricultural sector has ex-
plored how control elements and displays can adapt to the
current use of a tractor (Racs et al. 2022). A similar solu-
tion for different truck types or trailers appears conceivable.
Furthermore, changes in the traffic situation can represent
acute stress factors, particularly when drivers lack real-time
traffic information and face truck-specific constraints such
as delivery schedules or freight weight. Caspersen et al.
(2023), who examined the consequences of capacity reduc-
tion on urban main roads, found that truck drivers “had lim-
ited options and less flexibility than other road users. The
main effects were increased travel time and reduced traf-
fic predictability. Some drivers reported consequences such
as more stress and less predictable workdays” (Caspersen
et al. 2023). These results underline truck drivers’ difficul-
ties related to navigation and logistics and show the po-
tential of smart, adaptive navigation features. These could
dynamically adjust route guidance based on up-to-date traf-
fic information, delivery priorities, and personal routines to
lower workload. As described in chapter 1, this is supported
by research giving evidence for the positive effects of adap-
tive navigation features in other usage domains (Thompson
et al. 2004).

Finally, the complexity of the HMI operation emerged as
a focal point. This topic was repeatedly raised and showed
the highest mention frequency. It has also been previously
discussed in literature (Scholkopf 2023). Through the fo-
cus groups, we were able to specify which aspects underlie
this broad concept. According to drivers, complexity in this
context comprises three dimensions: A nested menu struc-
ture, an extensive range of functions, and significant tech-
nical demands for operation. This leads to distraction and
frustration. As a possible solution, participants expressed
a desire for storing personalized settings and for freely
assignable favorite buttons to simplify menu structures and
prioritize functions. Additionally, tactile switches would re-
duce technical demands. Adaptive, self-learning personal-
ization was proposed as a more intelligent form of system
personalization. Such systems could learn driver routines,
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such as frequently used navigation routes, or assistance sys-
tems preferred in specific situations, and dynamically adjust
the interface based on these recurring patterns. This would
reduce manual input requirements. Notably, while drivers
tended to favor the adaptable version, experts advocated
for the more intelligent, self-learning personalization ap-
proach. This may reflect the fact that drivers focused on fa-
miliar customization features such as smartphone settings
because they have limited experience regarding adaptive
system behavior.

4.2 Integration-related concerns

The introduced adaptive HMI solutions entail several chal-
lenges regarding their practical implementation. The fol-
lowing section therefore discusses integration-related issues
identified in the focus group results. According to the ex-
perts, the cost—benefit relation is particularly critical in the
truck sector, where financial investments must be clearly
justified by operational advantages. As Chen et al. (2024)
note, “personalization services [..] are complex industrial
products that face numerous challenges when implemented
in real-world scenarios”. Among these, high computational
demands represent a significant resource cost factor (Chen
et al. 2024), which may limit the feasibility of implement-
ing such systems.

This, in turn, raises technical considerations. In this con-
text, system reliability was discussed critically, particularly
in relation to the limited availability of interaction data.
A lack of sufficient user data can compromise the accu-
racy and stability of adaptive functions. As stated by Al-
varez-Cortes et al. (2007), the key challenge lies in “the
number of training cases needed to generate an accurate
model of user preferences.” As interaction time is limited,
particularly in a driving context, “induction methods that
achieve high accuracy from small training sets” (Alvarez-
Cortes et al. 2007) are required.

Legal and ethical challenges were also raised, partic-
ularly concerning data protection. Participants emphasized
that adaptive systems depend on continuous data collection,
which can create tensions between data-driven learning and
privacy, as outlined in chapter 3.3. This issue becomes es-
pecially relevant in the context of personalization, where
personal rather than contextual data must be collected. Sim-
ilar concerns have been highlighted in previous research on
personalization in other domains. For instance, Wu and Xu
(2023) state that a “higher level of personalization tends to
worsen privacy concerns”, attributing this to users’ “anx-
iety about misuse or abuse of their personal information”
(Wu and Xu 2023). Consequently, an introduction of per-
sonalized interfaces in the truck sector requires resources
to address emerging legal and ethical questions.
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These topics are closely related to human factors con-
cerns, which were mentioned most frequently. Learnabil-
ity can be impaired, since adaptive systems inherently ex-
hibit inconsistency due to their dynamic behavior (Amer-
shi et al. 2019) and may thereby increase distraction. This
risk could be exacerbated for truck drivers due to their de-
mographic profile. Participants in the present study noted
that digitalization tends to be particularly challenging for
older drivers (see chapter 3.1). Similar patterns have been
observed in the passenger car context, where older drivers
showed longer task completion times, slower reactions, and
higher cognitive workload when interacting with advanced
IVIS (Cooper et al. 2020). The authors concluded that
“older drivers stand to benefit the most from advancements
in in-vehicle technology, but ironically may struggle the
most to use them” (Cooper et al. 2020). According to them,
“the results document significant age-related costs in the po-
tential for distraction from IVIS interactions on the road”
(Cooper et al. 2020). Furthermore, intelligent functions risk
being perceived as paternalistic when decisions are made
on behalf of the user (Pitzold 2021), underscoring the im-
portance of maintaining controllability. This concern may
carry greater weight for professional truck drivers, who per-
ceive proactive adaptivity as undermining their expertise or
professional autonomy (see chapter 3.3).

4.3 Practical and theoretical implications

To summarize, the findings indicate that many of the iden-
tified challenges in truck drivers’ work routines are interre-
lated and tend to reinforce one another. For instance, com-
plex menu structures become particularly problematic in
conjunction with frequent vehicle changes, high logistical
demands, or complex driving situations. In such situations,
difficulties in locating a required function can critically in-
crease cognitive demands and divert attention from the pri-
mary driving task. This interconnectedness highlights the
potential of adaptive systems, which can simultaneously
address multiple issues through responsive adjustments. In
particular, personalization emerges as a key principle that
aligns system behavior with individual driver needs. Both
adaptable and adaptive personalization approaches were
discussed. However, contextual factors such as real-time
traffic data or changes in daily logistics planning call for
a dynamic personalization approach that extends beyond
static user adaptation. Combining different adaptive strate-
gies, such as adaptive navigation features and personalized
interface adaptivity, could further enhance driver efficiency
and satisfaction.

Several challenges have to be addressed when integrating
such systems into trucks. Conducting user studies is cru-
cial to prevent additional distraction and to identify ways
to mitigate privacy and paternalism concerns. In addition,
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sufficient resources must be allocated to ensure technical
feasibility and to address the associated legal and ethical
issues. If these aspects are adequately considered, adaptive
personalization carries the potential to advance truck HMIs
toward meeting the dynamic and demanding nature of pro-
fessional heavy-duty driving.

5 Limitations and future work

This study is subject to certain limitations. First, the sample
size was relatively small (N=19) and male-dominated, par-
ticularly within the driver group. Although the sample in-
cluded both long-haul and short-haul drivers, it did not rep-
resent foreign drivers. The sample size was based on estab-
lished recommendations for focus group research (Krueger
and Casey 2014) and reflects the gender distribution of truck
drivers, with only 2.3% female truckers (Statista 2025).
While this approach provides in-depth insights, the general-
izability of the findings is limited. Recruitment partly relied
on email networks, which may have introduced a sampling
bias toward participants who are more open towards innova-
tive topics. Future work should evaluate HMI concepts with
a larger and more diverse sample of professional drivers.
Furthermore, organizational actors in the transport context,
such as dispatchers or fleet management, were not included.
Future research should therefore adopt a more holistic so-
cio-technical perspective by integrating additional stake-
holder groups.

The focus group discussions were potentially influenced
by group dynamics. Hence, the possibility of dominant or
one-sided opinions shaping the outcome must be considered
in the interpretation of the results. Additionally, participants
rated concept ideas through a dot-voting procedure with-
out exposure to actual interface representations. As noted
above, drivers may have favored adaptable over self-learn-
ing personalization because they cannot yet envision such
concepts. These aspects further underline the importance
of evaluating the generated ideas in more extensive concept
studies. Furthermore, the introductory explanation of adap-
tive systems prior to the discussions may have caused prim-
ing effects. This step was considered necessary to establish
a common understanding. Future studies could address this
methodical issue by comparing conditions with and without
prior conceptual clarification.

Nevertheless, the study provides valuable insights for
adaptive truck HMI research, for which results cannot be
directly inferred from passenger car research. The focus
group study’s findings form a foundation for subsequent
studies. The next steps should involve evaluating personal-
ized adaptivity in comprehensive simulator or real vehicle
studies, allowing drivers to experience personalization. Dif-
ferent adaptive strategies should be combined to examine

whether they can enhance efficiency and comfort while re-
ducing distraction as hypothesized.

6 Conclusion

A research gap exists concerning adaptive HMIs in trucks,
despite their potential to address domain-specific chal-
lenges. While adaptive systems have proven beneficial in
passenger cars, their application in commercial vehicles
presents unique opportunities and challenges, since trucks
involve distinct operational demands. To the best of our
knowledge, no prior study has examined truck drivers’ work
routines in relation to the integration of adaptive HMIs,
nor has research addressed truck-specific challenges asso-
ciated with such systems. The present focus group study
contributes to filling this gap by identifying challenges in
truck drivers’ work routines that could be mitigated by
adaptive features. Participants highlighted several prob-
lematic aspects, such as the unfavorable positioning of
control elements, limited configurability of assistance sys-
tems, issues related to route planning and logistics, and the
overall complexity of interaction sequences. In these areas,
adaptive personalized HMI solutions could offer meaning-
ful support by reducing the number of required manual
inputs and aligning with individual drivers’ needs. At the
same time, results show concerns about loss of control,
perceived patronization, and data privacy, highlighting the
need for user-centered design choices. Adaptivity in trucks
must balance intelligent assistance with driver autonomy,
ensuring transparency and controllability. Future research
should explore personalization features for truck-specific
functions, such as route planning and logistics.
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